
1

CCNPP3COLA PEmails

From: Stieve, Alice
Sent: Tuesday, September 22, 2009 10:59 AM
To: CCNPP3COL Resource
Subject: not sensitive
Attachments: CCRAIRespRevs251252TLR091409.doc

 



 
 
Hearing Identifier:  CalvertCliffs_Unit3Cola_Public_EX  
Email Number:  849  
 
Mail Envelope Properties   (AC3D8151B0831F4EAFFB2501B87BF90510E1EEE765)  
 
Subject:   not sensitive  
Sent Date:   9/22/2009 10:59:26 AM  
Received Date:  9/22/2009 10:59:28 AM  
From:    Stieve, Alice 
 
Created By:   Alice.Stieve@nrc.gov 
 
Recipients:     
"CCNPP3COL Resource" <CCNPP3COL.Resource@nrc.gov>  
Tracking Status: None 
 
Post Office:   HQCLSTR02.nrc.gov  
 
Files     Size      Date & Time  
MESSAGE    3      9/22/2009 10:59:28 AM  
CCRAIRespRevs251252TLR091409.doc    203258  
 
Options  
Priority:     Standard   
Return Notification:    No   
Reply Requested:    No   
Sensitivity:     Normal  
Expiration Date:      
Recipients Received:     
  



 

 1  

 
 
JCN No. Q–4151 
Task Order No. 6, Review of the Calvert Cliffs Application for Combined Operating 

License in the Areas Relating to Geology and Seismology 
TAC No. RX0105 
UniStar Nuclear 
 
USGS Reviews of RAI Responses for Calvert Cliffs, Maryland site, Submitted ??, 
2009. 
 
Russell L. Wheeler (USGS), Chris H. Cramer, Randel T. Cox, Roy B. Van Arsdale, 
Steve Horton, and Oliver Boyd 
________________________________________________________________________ 
 

This report contains the reviews of the U.S. Geological Survey (USGS) and its 
subcontractor (the University of Memphis) of the applicant’s responses to several 
requests for additional information (RAIs). The Nuclear Regulatory Commission (NRC) 
emailed the RAIs to the applicant in two batches on February 26, 2009. The email “RAI 
No 71 RGS 1928.doc (PUBLIC)” contained RAIs 02.05.01–1 through 02.05.01–32 on 
Basic Geologic and Seismic Information. The email “RAI No 72 RGS 2070.doc 
(PUBLIC)” contained RAIs 02.05.02–1 through 02.05.02–9 and 02.05.02–11 through 
02.05.02–14 on Vibratory Ground Motion. RAI 02.05.02–10 is listed in the responding 
emails as “Not issued”. 
 

The applicant returned the responses in two letters dated April 15, 2009 and May 
1, 2009. The April letter contained responses to most of the RAIs on Basic Geologic and 
Seismic Information and some of those on Vibratory Ground Motion, whereas the May 
letter contained the rest of the responses. 

 
Many of the responses provide additional text and figures that answer the RAIs 

well. Some of these responses state that some or all of the additional material will be 
included in a revised COLA, and we applaud those decisions. However, other responses 
state that the COLA will not be modified in response to the RAI and its answer, and for a 
few of those responses we strongly disagree. If the provided material is necessary for a 
critical reader to understand and accept the pertinent part of the FSAR, it will be just as 
important for acceptance of the revised COLA.  For these few RAIs and responses, 
addition of information to the COLA is necessary to provide a basis for NRC to make a 
scientifically credible safety finding. 

 
Accordingly, the first sentence of each of our response reviews places the 

response into one of three categories: 
(1) No additional information is needed; 
(2) The COLA should be modified as recommended in the evaluation to make the 

COLA’s discussion of this topic scientifically convincing; or 
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(3) The COLA must be modified as recommended in the evaluation to provide the 
foundation on which NRC can make a credible safety finding. 

 
 

********** 
 

 
Section 02.05.01: Basic Geologic and Seismic Information 
 
 
NRC RAI NUMBER 02.05.01–1 

FSAR Figure 2.5-24 shows CEUS seismicity in the central eastern and 
northeastern U.S. from the EPRI 1986 catalog. Subsequent figures show updated 
seismicity in the region from 1985 through 2006 from Table 2.5-2. 

Please revise Figure 2.5-24 to include updated seismicity from Table 2.5-2 to 
facilitate comparison with the EPRI 1986 catalog.  
 
USGS evaluation: 
 No additional information is needed. 

The requested revision to the figure has been made.  
 
NRC RAI NUMBER 02.05.01–2 

FSAR Section 2.5.1.1.3.1.4 describes the Plio-Peistocene Upland stratigraphic 
unit as a "...sediment sheet whose base slopes toward the southwest (Glaser, 1971) 
(Hansen, 1996). This erosion might have occurred due to differential uplift during the 
Pliocene or down cutting in response to lower base levels when sea level was lower 
during period of Pleistocene glaciation." Additionally, this FSAR Section states 
"[Quaternary Lowland] deposits occur in only a few places along the eastern shore of 
Chesapeake Bay". FSAR Section 2.5.1.2.3.3 makes similar statements. 

The peninsula the CCNPP site occupies has highly asymmetric topography, steep 
to the northeast. Schlee (1957, GSA Bull. 68: 1371-1410) discusses the depositional 
setting of the Upland deposits and possible causes of the southwest dip of their basal 
contact and the asymmetric topography and concludes neotectonic tilting is strongly 
suggested. Furthermore, FSAR Figure 2.5-29B shows a progressive southwestward 
shifting of Quaternary paleochannels within Chesapeake Bay. 

Please provide additional discussion with regard to the seismic hazard at the 
CCNPP site and possible Pliocene or Quaternary neotectonics, Pleistocene glacial effects, 
and the east-facing monoclines of McCartan (1995). 
 
USGS evaluation: 

No additional information is needed. 
The thorough response adequately defends the applicant’s position that the 

anomalous southwest dip of Plio-Pleistocene strata does not require an assessment of a 
related seismic hazard.   
 
NRC RAI NUMBER 02.05.01–3 
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FSAR Section 2.5.1.1.4 quotes Johnston et al (1994) "...global review of 
earthquakes in [stable continental regions] SCRs shows that areas of Mesozoic and 
Cenozoic extended crust are positively correlated with large SCR earthquakes. Nearly 
70% of SCR earthquakes with [magnitude] M 6 or greater occurred in areas of Mesozoic 
and Cenozoic extended crust...." 

Schulte and Mooney (2005, Geophys. J. Int., 161: 707-721) reassessed whether 
earthquakes within SCRs are associated with rifted crust. The dataset for that study 
contained over 1300 magnitude greater than or equal to 4.5 historic and instrumentally 
recorded crustal earthquakes. CCNPP is located in a SCR region that is also extended 
crust due to the Mesozoic rifting of Pangaea in the formation of the Atlantic Ocean. 
There are buried rift basins in the immediate vicinity of CCNPP. The Schulte and 
Mooney (2005) paper is a significant rework and analysis of the issue of earthquakes in 
SCRs that post-dates Johnston et al 1994. 

Please provide a discussion of the relevance of the Schulte and Mooney paper for 
the CCNPP site. 
 
USGS evaluation:  
 The COLA must be modified as recommended in the last paragraph of the 
evaluation to provide the foundation on which NRC can make a credible safety finding. 

The response to the RAI focuses on the similarity of the results of  Johnston et al. 
(1994) and Schulte and Mooney (2005).  The response also correctly points out that 
Schulte and Mooney focused on geologic associations with seismicity and not Mmax.  
However, the response to this RAI deals with only half the characterization of the 
worldwide SCR Mmax distribution, the central measure, and not the variability about that 
central measure. Additionally, the response does not address the new information 
presented by the earthquakes in the Schulte and Mooney catalog that are not in the 
Johnston et al. catalog. 

The catalog of Johnston et al. includes 870 SCR earthquakes, to which Schulte 
and Mooney added 503 for a 58 percent increase. Cornell, in Johnston et al., found that 
the average young extended SCR domain (geologically homogeneous region) worldwide 
has about the same largest observed earthquake (Mobs) as the average nonextended SCR 
domain, but that Mobs varies much more among the extended domains than among the 
nonextended domains. The Calvert Cliffs site is within a young extended domain. 

The catalogs of Johnston et al. and Schulte and Mooney used the same lower 
cutoff magnitude of 4.5. It is likely that the new earthquakes of Schulte and Mooney 
include some earthquakes that occurred within domains elsewhere in the world that are 
tectonically similar to the Central Virginia seismic zone (CVSZ) and the other source 
zones that are pertinent to the site. Because Mobs varies much more in extended domains, 
perhaps some of these newly compiled earthquakes were larger than Mobs of the CVSZ 
and other source zones. 

An early version of Johnston’s results was available to the six EPRI-SOG teams 
and was considered by them in their estimates of Mmax distributions.  The Bechtel and 
Law Engineering teams considered the global analogs of the Central and Eastern U.S. of 
Johnston et al. in estimating their Mmax distributions, and the Rondout team considered 
North American analogs. Thus, half of the teams’ Mmax distributions might have been 
different if they had had access to the newly compiled earthquakes of the Schulte and 
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Mooney catalog. Of course, those teams cannot be reassembled to determine whether and 
how they might change their Mmax distributions. 

However, the applicant should examine the Schulte and Mooney catalog, and 
identify any earthquakes that occurred in domains that are tectonic analogs to the CVSZ 
and other EPRI-SOG source zones that are pertinent to the site. If any of these 
earthquakes exceed Mobs of the CVSZ or other pertinent source zones, the applicant 
should estimate how the Bechtel, Law Engineering, and Rondout teams might have 
updated their Mmax distributions in light of these additional analog earthquakes. If the 
distributions change, the impact on the site PSHA should be assessed and, if needed, the 
PSHA should be recomputed. 
 
NRC RAI NUMBER 02.05.01–4 

FSAR Section 2.5.1.1.4 (Regional Tectonic Setting) states that there is no 
evidence for late Cenozoic seismogenic activity of any tectonic feature or structure in the 
site region based on the Quaternary feature databases of Crone and Wheeler (2000) and 
Wheeler (2005). 

Crone and Wheeler (2000) and Wheeler (2005) compiled a database based on 
literature searches. These papers do not represent the original work. The literature 
searches may have missed some publications or there were unpublished works at that 
time. Therefore the databases do not actually support the statement that there is no 
evidence of active Quaternary faults and features. 

Describe your investigation of other potential Quaternary faults or features for the 
site. In addition, for the geologic features identified by Crone and Wheeler provide your 
own assessment of their potential hazard for the CCNPP site. 
 
USGS evaluation: 
 The COLA must be modified as recommended in the next to last paragraph of the 
evaluation to provide the foundation on which NRC can make a credible safety finding. 

FSAR 2.5.1.1.4.4.5 summarize the applicant’s evaluations of individual known 
potential Quaternary tectonic features, although the evaluations are essentially entirely 
from the literature instead of from independent fieldwork. The RAI response summarizes 
the reconnaissance work that was done to supplement published information. Particularly 
helpful are the traverse maps and the locations of waypoints on them.  FSAR 2.5.1.1.4.4 
(Principal Tectonic Structures, p. 2.5-39ff), and especially 2.5.1.1.4.4.4 (Tertiary 
Tectonic Structures, p. 2.5-45ff), describe the applicant’s own assessments of the hazard 
posed by individual structures. The assessments are based primarily on the literature and 
on field reconnaissances. 

The response states that no changes will be made in the COLA as a result of this 
RAI. However, two clear and misleading errors urge changes to the COLA. 

First, FSAR p. 2.5-27 states “However, as discussed in this section, there is no 
evidence for late Cenozoic seismogenic activity of any tectonic feature or structure in the 
site region (Crone, 2000) (Wheeler, 2005).” A blanket statement like “there is no 
evidence” can never be true, both for the reasons stated in the RAI and because some 
exposed evidence might not have been found or might be unrecognizable with present 
methods and knowledge. For example, part (1) of the response cites four publications not 
cited by Crone and Wheeler (2000) or Wheeler (2005). What is true is that the applicant’s 
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search did not find any published evidence or field evidence of late Cenozoic 
seismogenic activity on known tectonic features or structures. One small part of the 
search was to use the reports of Crone and Wheeler (2000) and Wheeler (2005) as a 
screening tool, so that citing these papers in that sense would be appropriate and was 
done in other responses. 

Second, the applicant did a good job of consulting experts, with one notable 
exception. Dr. Martitia Tuttle earned her doctorate in paleoliquefaction at the University 
of Maryland. She spent a decade doing and publishing thorough, highly regarded 
paleoliquefaction studies in many parts of the Central and Eastern U.S. and elsewhere 
around the world, both with USGS and NRC funding and as a respected consultant. 
Currently she heads the USGS office at the Center for Earthquake Research and 
Information of the University of Memphis. In that capacity she is responsible for being 
aware of work on earthquake hazards east of the Rocky Mountains. Although the 
applicant employs some experienced and respected paleoseismologists, to our knowledge 
none of the persons listed in the response has extensive experience with eastern 
paleoliquefaction studies except Dr. Stephen Obermeier. The response does not state 
whether he has worked at or near the site. Accordingly, a search of the Maryland area that 
does not involve consulting Dr. Tuttle would be regarded by the informed technical 
community as fundamentally incomplete and its conclusions as unconvincing. 

The inclusion of Figures 1 through 6 in the COLA would be useful in further 
demonstrating the field efforts of the applicant in assessing the presence of seismic 
sources.  For example, without figure 1 of this series and relying on the figures in the 
present FSAR it is not clear that they crossed the Hillville fault in their field surveys. 

 
NRC RAI NUMBER 02.05.01–5  

FSAR Section 2.5.1.1.4.1.2 states "Northwest-southeast-directed postrift 
shortening, manifested in Mesozoic basin inversion structures, provides the clearest 
indication of this change in stress regime (Withjack, 1998)." On FSAR Figure 2.5-13 
there is a shallow structural high at borehole CA Gd 60 (Solomons) that dies out with 
depth that is consistent with typical inverted grabens. Furthermore, the fault proposed by 
Kidwell (1997) referred to in FSAR Section 2.5.1.1.4.4.4.8 appears to coincide with this 
high. 

Please discuss the potential for this feature to be an inverted Mesozoic fault. 
 
USGS evaluation: 
 No additional information is needed. 

The thorough response reasonably addresses the origin of the elevation changes in 
Figure 2.5-13.   
 
NRC RAI NUMBER 02.05.01–6  

FSAR Section 2.5.1.1.4.1.2 states "Many of the synrift normal faults are 
interpreted as Paleozoic thrust faults reactivated during Mesozoic rifting." 

However, it is equally possible that the Mesozoic rift faults are reactivated normal 
faults that formed during the latest Proterozoic-Cambrian rifting of Rodinia. This 
interpretation differs from the interpretation presented in the FSAR. 
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Please provide a discussion of the plausibility of both interpretations and how 
each may affect the seismic hazard at the proposed site. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 

The response correctly describes the difficulty in evaluating the two 
interpretations at individual faults and over regions. The response notes that the EPRI-
SOG teams were aware of the Iapetan and Atlantic normal faults and the Appalachian 
thrust faults during the 1980s. However, the 11-volume EPRI-SOG report contains little 
description of the teams’ discussions. Also, the response cites Glover and Klitgord (1995) 
and Wheeler (1996) as suggesting that Iapetan normal faults might underlie the site, but 
both papers post-date the work of the EPRI-SOG teams. For both reasons, it is not clear 
whether the teams considered the question posed in the RAI. Knowing of the three types 
and ages of faults is a prerequisite for considering the RAI question but the knowledge by 
itself cannot be taken to imply such a consideration. 
 The response asserts that whether the Mesozoic faults reactivate Iapetan normal 
faults or Appalachian thrust faults does not affect the hazard analysis. The response does 
not provide a justification for the assertion. 

According to the response, the only COLA modification will be to add four words 
to a single sentence. However, given the uncertainty as to whether the EPRI-SOG teams 
considered the question posed in the RAI, the COLA should justify the assertion. 
 
NRC RAI NUMBER 02.05.01–7  

FSAR Section 2.5.1.1.4.1.2 states "The Mesozoic basins are discussed further in 
Section 2.5.1.1.4.4.3 as well as the hypothesized Queen Anne basin shown as lying 
beneath the site (Figure 2.5-10)." 

The cited figure shows a basin beneath the site, but the figure shows a bounding 
fault only along part of the northwest basin edge, 50 km and more north of the site. 
However, it is unclear from the FSAR descriptions and Figure 2.5-10 what, if any, 
structures control the southeastern boundary of the Queen Anne basin. 

Please provide details about the nature of the southeastern boundary of the basin. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response summarizes the paucity of data and the variety of the interpretations 
of basin existences, locations, and boundary faults. The response also notes that some 
regional analogs of the interpreted Queen Anne basin are better known, and that the 
analog basins tend to have their larger normal faults along their northwest sides and 
dipping southeast. These larger faults are on the downdip side of the basin, where “dip” 
refers to the dip direction of the sedimentary strata that fill the basin. Additionally, 
Benson interpreted the sole available seismic-reflection profile across the Queen Anne 
basin as showing no bounding fault along the basin’s southeast (updip) side. However, 
there is no mention of any field descriptions of the updip boundaries of exposed basins. 
For example, the exposed Hartford basin has its main border fault downdip on the east 
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but a smaller border fault updip on the west (J. Rodgers, 1985, Bedrock Geologic Map of 
Connecticut, scale 1:250,000). 
 The proposed COLA modification is good but it should include more citations to 
demonstrate that its statements are based on evidence and are more than opinions. 
Additionally, it would be useful to include more of the information in the response. 
Finally, it will be difficult to respond properly to the RAI without compiling some field 
descriptions or geologic maps that illustrate the characteristics of exposed updip basin 
boundaries. If this information is compiled it should be in the COLA. 
 
NRC RAI NUMBER 02.05.01–8  

FSAR Section 2.5.1.1.4.1.3 contains the first mention of the North Anna site, 
which is mentioned several more times throughout FSAR Sections 2.5.1 through 2.5.3. 

No figure in the FSAR shows the location of the North Anna site relative to the 
proposed Calvert Cliffs site. 

Please add the location of the North Anna site to Figure 2.5-5, in order to show 
the regional geologic context of both proposed nuclear power plant locations. 
 
USGS evaluation: 
 No additional information is needed. 
 The applicant provided a new version of Figure 2.5-5 that shows the location of 
the North Anna site. The new version will be included in a future COLA revision. The 
new figure will be most useful if it is cited at each place in the text that mentions the 
North Anna site. 
 
NRC RAI NUMBER 02.05.01–9  

FSAR Section 2.5.1.1.4.2 states "More recent assessments of lithospheric stress 
do not support inferences by some EPRI expert teams that the orientation of the principal 
stress may be locally perturbed in the New England area, along the east coast of the 
United States, or in the New Madrid region." 

Kim and Chapman (2005) state that "a regional stress model derived from the 
2003 [Central Virginia Seismic Zone] (CVSZ) event and 11 previous events indicates 
thrust faulting with s1 trending 133° (±12°)." This is a local rotation of s1 in the CVSZ 
68° clockwise relative to the ENA average of 65°. 

Please discuss the results of this study and the significance of a local rotation of s1 
in the CVSZ with respect to the above quoted statement from FSAR Section 2.5.1.1.4.2. 
 
USGS evaluation: 
 No additional information is needed. 
 The COLA is being modified to remove the quoted statement and to reference 
Kim and Chapman (2005).   
 
NRC RAI NUMBER 02.05.01–10  

FSAR Section 2.5.1.1.4.3.2 states "The [East Coast Magnetic Anomaly] ECMA is 
not directly associated with a fault or tectonic feature, and thus is not a potential seismic 
source." 
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However, in FSAR Figures 2.5-18 and 2.5-19 faulting is illustrated in the ECMA. 
The above quoted statement and FSAR Figures 2.5-18 and 2.5-19 are contradictory. 

Please provide an explanation regarding this contradiction and whether faults or 
tectonic features are related to the ECMA. Revise the FSAR as appropriate in response to 
this apparent contradiction. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response explains and resolves the contradiction. The faults beneath the 
ECMA are attributed, with citations to papers containing the evidence, to sediment 
loading of the slope-rise deposits that contain the faults relative to the adjacent, less 
compactable platform carbonate deposits. The explanation makes reasonable the 
otherwise unsupported assertion of no capable structures in the proposed COLA revision. 
However, by itself the proposed COLA revision would not address the RAI. To guard 
against similar questions in the future, the response should be inserted into a future 
revision of the COLA. 
 
NRC RAI NUMBER 02.05.01–11  

FSAR Section 2.5.1.1.4.3.2 states "Discrete magnetic lows associated with the 
Richmond and Culpeper basins are discernible on the 2002 North America magnetic 
anomaly map (Bankey, 2002) (Figure 2.5-22)." The same page states "The distinctive, 
elongate magnetic anomalies associated with these igneous bodies within the synrift 
basins of the Piedmont are also used beneath the Coastal Plain to delineate the 
Taylorsville, Queen Anne, and other synrift basins (e.g., (Benson, 1992))." 

(a) These basins are not labeled in FSAR Figure 2.5-22. Please provide an edited 
Figure 2.5-22 that labels these basins. 

(b) Please explain why only the basin interpretations of Withjack et al. (1998) are 
shown in Figure 2.5-22, instead of both Withjack et al. and those of Benson (1992), as in 
Figure 2.5-10. If warranted, edit Figure 2.5-22 to also include the basin interpretations of 
Benson, or provide an additional figure showing Benson's basins and the magnetic 
anomalies from Figure 2.5-22. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response provides a modified version of figure 2.5-22. It will be added to the 
COLA. The new figure adds the basin outlines of Benson (1992), as requested in part (b) 
of the RAI. However, the outlines of Benson’s basins are so faint as to be partly invisible 
on the revised figure. The outlines of Benson’s basins are labeled with numbers that are 
keyed to names given on figure 2.5-10. The lack of Benson’s names directly on the new 
figure 2.5-22 hinders comparison between the text, the aeromagnetic field, and the two 
sets of basins. The new figure does not address part (a) of the RAI, which requested 
labeling the basins that were already shown on figure 2.5-22, that is, the basins of 
Schlische and Olsen (1990) and Withjack (1998). These names can be obtained from 
figure 2.5-10, but this too hinders comparison. Finally, comparison is further hindered by 
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the smaller size and subdued colors of the new figure as compared to the larger, more 
vivid original figure 2.5-22, on which the magnetic anomalies are clearly visible through 
the similarly clear basin outlines and hachuring. 
 The response explains that the Schlische-Olsen interpreted basins are better 
supported by the seismic data available in the site vicinity. This statement is important 
and should be added to the COLA. 
 The revised figure that is to be added to the COLA should be remade on the 
original figure 2.5-22, with basin outlines and names clearly visible as requested in this 
review. 
 
NRC RAI NUMBER 02.05.01–12   

FSAR Section 2.5.1.1.4.3.2 states "A magnetic profile along an approximately 
west-northwest to east-southeast transect through central Pennsylvania (Glover, 
1995b).(Figure 2.5-17) indicates that paired high and low magnetic anomalies are 
associated with the western margins of crustal units truncated by thrust faults." Thrust 
ramps truncate-their footwalls, but may or may not truncate their hanging walls. 

Please clarify the statement; does the quotation refer to eastern margins instead of 
western, does the statement refer to the footwalls or hanging walls of the thrust faults? 
 
USGS evaluation: 
 No additional information is needed. 
 The proposed change to the puzzling sentence in the FSAR provides the requested 
clarification. 
 
NRC RAI NUMBER 02.05.01–13  

FSAR Sections 2.5.1.1.4.4 and 2.5.1.1.4.4.4 discuss the Eocene Chesapeake Bay 
Impact Structure (CBIS). FSAR Section 2.5.1.1.4.4 states "Based on the absence of 
published literature documenting Quaternary tectonic deformation and spatially 
associated seismicity, we conclude that this feature is not a capable tectonic source 
(Section 2.5.1.1.4.4.4)." However, the FSAR does not cite any literature documenting the 
lack of Quaternary tectonic deformation associated with this feature. 

(a) Please explain which, if any, seismograph networks have monitored for 
seismicity on the CBIS (including time periods of monitoring and minimum magnitude of 
their earthquake detection threshold). 

(b) The spatial association between a normal-faulted passive margin and a large 
impact crater is also present at the Charlevoix seismic zone, Quebec. In light of this 
similar spatial association, please provide a discussion of the seismic potential of the 
Chesapeake Bay impact crater. 

(c) FSAR Section 2.5.1.1.4.4.4 states "Primarily middle Miocene to Quaternary 
sediments thicken and sag into the primary and secondary craters." Please explain how 
these relations differ from the classic description of a growth fault, in which the faulting 
would be the same age as the inward-thickening sediments. 

 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
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 (a) The response discusses available seismic network coverage and the fact that 
there has never been a specific network that monitored seismic activity in the vicinity of 
CBIS.  The closest regional network is the Virginia Tech SEUSSN and a review of their 
catalog does not suggest either more than background seismicity in the CBIS area or a 
pattern suggesting earthquakes associated with the CBIS.  This response answers part (a) 
of the RAI. 

(b) The response does a good job of explaining why the Charlevoix impact crater 
is not an analog of the CBIS. The only error is to repeat the early interpretation of 
Kumarapeli and Saul (1966, Can. Jour. Earth Sci.) that the St. Lawrence valley is 
underlain by a failed Iapetan rift.A post-1966 seismic profile showed that a system of 
Cambrian growth faults steps downward to the southeast, extending well under the 
Appalachian thrust sheets and nappes (St.-Julien, P., and others, 1983, Geol. Soc. Am. 
Memoir 158). The profile led to the realization that the St. Lawrence “rift” is actually part 
of the North American half of a Cambrian passive margin (for example, see papers cited 
in part b of the response by Adams and Basham, Hasagawa, and Lemieux and others). 
Retention of the word “rift” to refer to the passive margin still causes occasional 
confusion unless careful attention is given to wording. Regardless, the response provides 
the information requested in part (b) of the RAI. 

(c) The response is thorough and adequate to address the potential for 
seismogenic growth faults in the Chesapeake Bay impact crater. However, a statement 
needs to be added to the COLA to describe the limited continuity of faulting in the crater. 
The following passage from the response would be useful in the COLA: “The growth 
faults generally extend to depths no greater than 0.5 km from the surface of the seafloor 
and are not laterally continuous (Poag et al., 2004). Given standard relationships between 
rupture area and magnitude (Wells and Coppersmith, 1994, Bulletin of the Seismological 
Society of America) and basic observations that most earthquakes initiate at depths 
deeper than the base of the growth faults (Scholz, 2002, The Mechanics of Earthquakes 
and Faulting), the growth faults are too shallow to produce significant seismogenic 
rupture (i.e., earthquakes with magnitudes greater than mb 5.0).” 

 
NRC RAI NUMBER 02.05.01–14  

FSAR Section 2.5.1.1.4.4.1 states "Extended crust of the Iapetan passive margin 
extends eastward beneath the Appalachian thrust front approximately to the eastern edge 
of Mesozoic extended crust...." The FSAR concludes the Grenville crust that was 
extended by Iapetan rifting is no closer to the site than about 113 km (70 mi). 

However, the interpreted eastern limit of extended Grenville crust is actually only 
the eastern limit of largely intact Grenville crust, which has undergone only slight 
extension by Iapetan faulting (Wheeler, 1996, Fig. 2). Wheeler (1996) cites 
interpretations of published seismic reflection profiles. The interpretations indicate that 
more intensely extended and thinned Grenville crust extends at least another 40-80 km 
eastward. 

Please discuss how this may impact hazard assessment at the site. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
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 The error noted in the second paragraph of the RAI will be corrected by 
modifying the last sentence of the first paragraph of FSAR 2.5.1.1.4.4.1 as stated, and by 
incorporating the modification in a revised COLA. However, the third sentence from the 
end of the FSAR paragraph and the third sentence of the second paragraph in the 
response make the same error. They should be corrected in the same way. 

The third sentence of the second paragraph in the response contains another likely 
error that also should be corrected in the COLA. Although the seismogenic potential of 
Iapetan normal faults in relatively intact Grenville(?) crust would have been considered 
by the EPRI-SOG teams, the same does not appear to be true of the more intensely 
thinned Grenville(?) farther southeast. The two references cited for the presence of the 
intensely thinned Grenville(?) crust were published about a decade after 1986 (Wheeler, 
1996; Glover and Klitgord, 1995). 

Despite these errors in characterizing the state of knowledge of the intensely 
thinned Grenville(?) crust that is probably beneath the site, the last two sentences of the 
response are correct. The seismogenic potential of this crust is wholly unknown so it 
cannot impact the site hazard assessment. 

No additional information is needed, although the COLA should include the three 
and perhaps four changes that are noted above, in addition to the single change described 
in the response. 
 
NRC RAI NUMBER 02.05.01–15  

FSAR Section 2.5.1.1.4.4.2 states "The majority of these structures dip eastward 
and sole into one or more levels of low angle, basal Appalachian decollement (Figure 
2.5-17). Below the decollement are rocks that form the North American basement 
complex (Grenville or Laurentian crust)." 

(a) There are several levels of detachment but only one basal decollement. Please 
clarify the quoted sentence. 

(b) Iapetan (Rodinia rifting) normal faults are expected in this basement complex, 
and the figure shows them schematically. Please include these probable structures in the 
discussion. 
 
USGS evaluation: 
 No additional information is needed. 
 The response proposes small changes in the COLA that will satisfy part (a) of the 
RAI. Part (b) is satisfied by the description of the Iapetan normal faults in the preceding 
section 2.5.1.1.4.4.1. This material need not be repeated or summarized in 2.5.1.1.4.4.2, 
although a citation there of the preceding description would be useful to readers. 
 
NRC RAI NUMBER 02.05.01–16  

FSAR Section 2.5.1.1.4.4.3 states "The rift-bounding normal faults are interpreted 
by some authors to be listric at depth and merge into Paleozoic low angle basal 
decollement (Manspeizer, 1989). Other authors interpret rift-bounding faults to penetrate 
deep into the crust following deep crustal fault zones (Figure 2.5-19)." 

(a) Both sentences refer to "authors" but only one paper is cited. Please add 
citations to demonstrate that each alternative is favored by more than one person. 



 

 12  

(b) Please provide a discussion of any deep reflection lines across these rift basins 
to determine which model is correct. 
 
USGS evaluation: 
 No additional information is needed. 
 The response provides clear answers to both parts of the RAI. The COLA will be 
modified to provide the requested citations. The cited papers provide the requested 
discussions of the only profile that images deeply enough within the site region to 
distinguish the two possible geometries. The different interpretations of the profile show 
both geometries. 
 
NRC RAI NUMBER 02.05.01–17  
FSAR Section 2.5.1.1.4.4.3 states "Aside from the global finding of Johnson et al. (1994) 
that areas of Mesozoic extended crust are correlated with large magnitude earthquakes 
within stable continental regions (i.e., New Madrid seismic zone), there are no specific 
Mesozoic basin-bounding faults that have demonstrable associated seismic activity or 
evidence for recent fault activity (Figure 2.5-10 and Figure 2.5-24)." 
Please place the Mesozoic basin-bounding faults, from both the Benson (1992) and the 
Withjack et al. (1998) sets of Mesozoic basins, and depth-coded epicenters together on 
FSAR Figure 2.5-24 to justify the above statement. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response provides the requested additions to figure 2.5-10. Epicenters cluster 
southeast of the traces of the northwestern basin-bounding faults of the Newark and 
Richmond basins, as they would if these faults were seismically active. However, a 
similar number of epicenters elsewhere show no systematic relation to traces of basin –
bounding faults. Additionally, the figure shows depths of 0 km for nearly all the 
earthquakes, which precludes knowing whether or not they occurred on the Mesozoic 
faults. 

The response does not mention another supporting argument. Earthquake 
hypocenters northwest of the southern part of the Newark Basin are in Precambrian 
crystalline rocks of the footwall of the basin-bounding fault, as noted in three papers by 
Ratcliffe and Burton that are cited in the response to RAI 2.5-22. 

The earthquake depths shown in the revised figure appear to be incorrectly color 
coded by depth. Nearly all of them are color coded as 0 km. Standard seismological 
practice is to assign a fixed depth to an earthquake that is too poorly recorded to allow 
computation of an acceptably accurate depth. Zero km is not usually taken as a fixed 
depth. Additionally, many of the earthquakes in and near the well-instrumented Newark 
Basin and Central Virginia seismic zone should have been well enough recorded to have 
accurate depths with reasonably small uncertainties. This likelihood suggests that the 
color coding of depths in the revised figure is wrong. If so, it is unclear whether correct 
color coding would support or undercut the statement quoted in the RAI. 

Thus, the information provided in the response does not fully answer the RAI. If 
the color coding in the revised figure is correct, then an explanation is required for the 



 

 13  

absence of known depths in and around the Newark Basin and the Central Virginia 
seismic zone. If the color coding is wrong, it should be corrected and the result 
reexamined. Because of the importance of Mesozoic basins to the site and its hazard, the 
missing information requested by the RAI should be put into the COLA. 
 
NRC RAI NUMBER 02.05.01–18  

FSAR Section 2.5.1.1.4.4.4.5 states, "Based on seismic reflection data, collected 
about 9 mi (15 km) west-southwest of the site, the [Hillville] fault zone consists of a 
narrow zone of discontinuities that vertically separate basement by as much as 250 ft,(76 
m) (Hansen, 1978)." In FSAR Figure 2.5-27 seismic line St M-1 is located across the 
Hillville fault. 

Please provide the seismic line St M-1 for inspection and the Hansen (1978) 
profile, if different. Was the Hillville fault seen in any Chesapeake Bay marine data? 
 
USGS evaluation: 
 The COLA must be modified as recommended in the evaluation to provide the 
foundation on which NRC can make a credible safety finding. 

The response provides enlarged versions of seismic profile St M-1 of Hansen 
(1978) and of LiDAR data over the Hillville fault. The LiDAR figure has high resolution 
and good contrast, and it does not appear to show any clear expression of the Hillville 
fault. Additional processing and interpretation of the LiDAR DEM might change that 
conclusion. The seismic profile documents the 250 feet of vertical offset on the fault. The 
offset is entirely within the Cretaceous Potomac Group. The structure contour map in 
figure 2.5-14 uses a contour interval of 50 feet for the Eocene Piney Point-Nanjemoy 
contact. The map shows no distortion of contours near the Hillville fault. This rules out 
post-Eocene vertical movement on the fault on the order of 250 feet. However, the 
contour interval is too large to detect small post-Eocene vertical offset. The response 
notes that the marine seismic profiles of Colman (1990) intersect the northeast projection 
of the fault into Chesapeake Bay, and that Colman’s text does not mention imaging the 
fault. This observation is hard to evaluate without being able to examine the pertinent 
parts of Colman’s profiles. 

The response indicates that no COLA changes are planned as a result of this RAI. 
However, as just explained, the seismic profile, the LiDAR map, the structure contour 
map, parts of Colman’s profiles, and discussions of them are all crucial to the conclusion 
that the Hillville fault is not capable (FSAR 2.5.1.1.4.4.4.5). All of these figures and text 
are crucial to the evaluation of this fault 5 miles from the site. All of them should be in 
the COLA as part of the discussion of the Hillville fault. 
 The conclusion that the Hillville fault is not capable seems to be sound. The 
graphics and arguments based on them that support the conclusion appear to be in the 
applicant’s hands or obtainable. No additional information is required, but all of the 
graphics and descriptions mentioned above should be incorporated into an expanded  
discussion of the Hillville fault in the COLA. 
 
NRC RAI NUMBER 02.05.01–19  

FSAR Section 2.5.1.1.4.4.4.6 (Unnamed fault beneath northern Chesapeake Bay, 
Cecil County, Maryland) cites the unnamed fault as having its southwest side up, but near 



 

 14  

the mouth of the Susquehanna River the west side is downthrown. The unnamed fault is 
mapped in FSAR Figure 2.5-25 as submarine. The east coast of the Chesapeake Bay 
along the southern projection of the unnamed fault is very straight in FSAR Figure 2.5-
25. 

(a) Please explain the apparent contradiction between the two senses of 
displacement. 

(b) Is there any new submarine information about this possible fault?  
(c) Please evaluate the hypothesis that the straight eastern coast line of the 

Chesapeake Bay might be a result of young faulting, and present the evidence and 
reasoning for your evaluation. 
 
USGS evaluation: 
 The COLA must be modified as recommended in the evaluation to provide the 
foundation on which NRC can make a credible safety finding. 

The response explains that the apparent contradiction that is noted in part (a) of 
the RAI resulted from a typographical error, and vanishes when the error is corrected. 
The response answers part (b) with “no”. Part (c) is answered by noting that the straight 
coastline is embayed when viewed at larger scales, and that submerged paleochannels of 
the Susquehanna River have similarly “straight” stretches of former shorelines beneath 
the modern Chesapeake Bay. 
 However, the existence of the Unnamed fault proposed by Pazzaglia (1993) is less 
readily dismissed by recourse to the mapping of Higgins and Conant (1986). The map 
descriptions of Higgins and Conant indicate that they identified map units only by their 
field-observable characteristics. In addition to such characteristics, Pazzaglia used 
petrography, which allowed him to break out two thin, geographically restricted units 
between and above the more generalized units that he and Higgins and Conant both 
mapped. One of these two new units, the Turkey Point beds, is thin enough for Pazzaglia 
to recognize an 8m difference in elevation between Turkey Point outcrops nine 
kilometers apart on opposite sides of the northernmost Chesapeake Bay. Pazzaglia 
attributed the 8 m elevation difference to the Unnamed fault. 
 Missing from the response are a justification for preferring the mapping of 
Higgins and Conant over that of Pazzaglia, and a discussion of any alternative 
interpretations of the 8 m elevation difference. The response indicates an intention to 
change one word for the COLA in response to part (a) of the RAI. However, because of 
the attention the Unnamed fault has generated, the justification and the discussion that are 
missing from the response should both be added to the COLA. 
 
NRC RAI NUMBER 02.05.01–20  

FSAR Section 2.5.1.1.4.4.4.7 states "The observation that the west side of 
Chesapeake Bay is elevated and dissected, and that approximately 37 ka estuarine 
deposits are approximately 6 feet above sea level is compelling evidence for recent (late 
Quaternary) uplift. Similar elevated, dissected topography and approximately 37 ka 
estuarine deposits are observed over broad portions of the Coastal Plain along the eastern 
seaboard east and west of Chesapeake Bay. These surfaces of apparent anomalous 
elevations have recently been attributed to the presence of a glacial fore-bulge developed 



 

 15  

outboard of the Laurentide ice sheet (Scott, 2006)." Scott (2006) is a thesis and, therefore, 
not readily available to all reviewers. 

It is not clear if the glacial forebulge referred to is associated with the last 
Wisconsin glacial advance circa 20 ka and if the said forebulge has not collapsed 
completely enough to let 37 ka-old estuarine deposits back down to their original 
elevation. Please elaborate on this issue and alternative tectonic explanations and the 
implications of de-glacial and tectonic epeirogeny to seismic potential. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response adequately addresses the anomalous elevation of the estuary 
deposits.  However, removing the passage indicated in the COLA Impact is not 
warranted.  Further discussion is needed in the COLA such as the following passage from 
the response: “Although the original elevation of the 37 ka estuarine deposits is poorly 
known, a review of Pavich et al. (2006) and global eustatic sea level curves suggest that 
this deposit should be submerged in regions of zero uplift. Based on established glacial-
eustatic sea-level curves, Pavich et al. (2006) argue that the 37 ka deposit that is aerially 
exposed between 1 and 10 m above present-day sea level has been broadly uplifted as 
much as 40 m since deposition. This uplift was regionally coincident with the glacial 
forebulge that was created by loading of the Laurentide ice sheet during oxygen isotope 
stage 2 (approximately 20 to 18 ka; Pavich et al., 2006). Because these deposits are still 
above sea level, it is likely that the regions containing the deposits are not yet in isostatic 
equilibrium (i.e., the effects of the glacial forebulge have not yet completely passed) 
(Gornitz and Seeber, 1990; Scott, 2006; Davis and Mitrovica, 1996; Mitrovica et al., 
2001; Douglas and Peltier, 2002; and Gehrels et al., 2004).” 
 
NRC RAI NUMBER 02.05.01–21  

FSAR Section 2.5.1.1.4.4.4.7 states "McCartan (McCartan, 1995) show[s] east-
facing monoclinal structures bounding the western margin of Chesapeake Bay 1.8 and 10 
mi (2.9 and 16 km) east and southeast, respectively, of the site (Figure 2.5-25)." The 
monocline is not shown on FSAR Figure 2.5-25. Please revise FSAR Figure 2.5-25 to 
include the monocline. 
 
USGS evaluation: 
 No additional information is needed. 
 The response provides a corrected version of figure 2.5-25 that shows the 
requested information. The figure shows the three places where McCartan and others 
(1995) inferred monoclines along their stratigraphic cross sections A-A’ and E-E’. 
McCartan and others speculated that a single monocline trends southward through the 
two eastern red triangles that the revised figure shows, and that a second monocline 
trends southeastward through the western triangle, with the two interpreted monoclines 
possibly merging farther southward. 

 
NRC RAI NUMBER 02.05.01–22  
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FSAR Section 2.5.1.1.4.4.5.4 states "The Ramapo fault system is located in 
northern New Jersey and southern New York State, approximately 130 mi (209 km) 
north-northeast of the CCNPP site (Figure 2.5-31). This fault system consists of 
northeast-striking, southeast-dipping, normal faults that bound the northwest side of the 
Mesozoic Newark basin." Later, the FSAR Section states "...approximately half of the 
reported earthquakes occur near the margins of the Newark Basin, far from the Ramapo 
fault...." 

However, the Ramapo fault is a master boundary fault for the Newark Basin. 
Please clarify the apparent contradiction between these two statements about the 

distance between the Ramapo fault and the Newark basin. 
 
USGS evaluation: 
 No additional information is needed. 
 The revised wording removes the apparent contradiction. 
 
NRC RAI NUMBER 02.05.01–23  

FSAR Section 2.5.1.1.4.4.5.4 states about the Ramapo fault, "In addition, a 
reassessment of the eastern U.S. stress field demonstrated that the present-day stress field 
is oriented east-southeast (Zoback, 1989a), which would be inconsistent with the 
previously inferred reverse reactivation of the fault." 

This statement contradicts section 2.5.1.1.4.2 that states, "To summarize, analyses 
of regional tectonic stress in the CEUS since EPRI (1986) have not significantly altered 
the characterization of the northeast-southwest orientation of the maximum compressive 
principal stress." 

Please explain how east-southeast compression is inconsistent with reverse slip on 
a northeast-striking fault. Please also explain the seeming contradictions between the two 
quoted stress orientations. 
 
USGS evaluation: 
 No additional information is needed. 

The response corrects a typographical error, thereby removing the contradiction.  
 
NRC RAI NUMBER 02.05.01–24  

FSAR Sections 2.5.1.1.4.4.5.4 and 2.5.1.1.4.4.5.5 cite FSAR Figure 2.5-31 as 
showing the Ramapo, Kingston, and New York Bight faults. 

However, the figure is a regional summary and shows the faults only as small 
circled numbers. 

Please provide one or more separate figures showing the fault traces and the map 
relations that are described in the text, including the relations of the New Jersey and Long 
Island shorelines to the New York Bight fault. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response provides additional figures that show the three fault traces in the 
requested detail. The response indicates no impact on the COLA. However, all five 
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figures should be added to the COLA in order for the discussions of these three faults to 
be understandable. This includes the large-format Enclosure 5. If the enclosure cannot be 
included at full size, then an acceptable substitute would be a nearly full-sized 
reproduction of the southwest corner of the Monmouth Junction quadrangle map, with a 
scale bar added. The corner shows the complete trace of the Kingston fault and cross 
section A-A’, both of which combined show the field relations that are necessary to 
understanding the discussion of the fault. 
 
NRC RAI NUMBER 02.05.01–25  

FSAR Section 2.5.1.2.4 states "Although the basement beneath the site has not 
been penetrated with drill holes, regional geologic cross sections developed from 
geophysical, gravity and aeromagnetic, as well as limited deep borehole data from 
outside of the CCNPP site area, suggest that Precambrian and Paleozoic crystalline rocks 
and, less likely, Mesozoic rift-basin deposits are present at about 2,500 ft (762 m) msl 
(Section 2.5.1.2.2)." 

This statement summarizes a change in tone midway through the application such 
that the argued age of the crust under the site changes from Mesozoic to Paleozoic. For 
example, FSAR Figures 2.5-10, 2.5-11, 2.5-12,12.5-15, and 2.5-16b indicate Mesozoic 
crust at or near the site. Please provide further explanation and revise text and/or figures 
as necessary. 
 
USGS evaluation: 
 No additional information is needed. 
 In the last sentence of the first paragraph the applicant states “deposits are present 
at about 2,500 ft (762 m) msl (Section 2.5.1.2.2).”  We believe this should read “deposits 
are present at about 2,500 ft (762 m) below msl (Section 2.5.1.2.2).” 

The changes given in the COLA Impact adequately clarify the confusion in the 
implied age of the crust.  If our interpretation of section 2.5.1.2.2 is correct, then the word 
“below” should be added to the COLA. 
 
NRC RAI NUMBER 02.05.01–26  

FSAR Section 2.5.1.2.4 suggests that no basin-related fault or faulting is known 
directly beneath the site area. 

FSAR Figure 2.5-10 summarizes mapping that indicates that a border fault on the 
northwestern side of the Taylorsville basin crops out about 50 km northwest of the site, 
and that the border fault on the northwestern side of the postulated Queen Anne basin 
crops out 10-15 km northwest of the site. Both faults dip southeastward under their 
basins. Such master faults are generally assumed to flatten downward. Furthermore, the 
normal faulting that formed the basins requires that the entire hanging-wall block and all 
upper crust southeast of it must slip southeastward on a Mesozoic detachment fault. 

Please evaluate whether or not the border fault of either basin is likely to extend 
beneath the site and what the implications for hazard might be. Please provide further 
discussion about the presence of a Mesozoic basin directly beneath the site. 
 
USGS evaluation: 
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The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response provides clear and convincing answers to the questions posed in the 
RAI. First, whether Mesozoic extensional faults dip steeply or are listric remains under 
debate. If they dip steeply, they could contain rupture zones of large earthquakes but 
probably would not underlie the site. If the faults dip shallowly in a listric geometry, they 
could underlie the site and could contain still larger ruptures, but they might be too 
shallow to have much seismogenic potential. 
 Second, the EPRI-SOG teams captured this uncertainty by using source zones 
instead of individual Mesozoic faults, and by showing some Mesozoic basins that 
possibly underlie or are near the site. 
 Third, information with which to characterize the basins, and particularly the 
nearby Queen Anne basin, is sparse enough that numerous different interpretations of 
basin boundaries have been published. 
 Thus, no additional information is needed and the response indicates no impact on 
the COLA. However, the COLA would be stronger and future questions might be 
forestalled if the response were inserted into the COLA wholesale. 
 
NRC RAI NUMBER 02.05.01–27  

FSAR Section 2.5.1.2.4 refers to elevation differences across a postulated fault 
within 2 km of the site (Kidwell, 1997). The applicant stated: "...these can be readily 
explained by channeling and highly irregular erosional surfaces. Field and aerial 
reconnaissance, coupled with interpretation of aerial photography and LiDAR data 
(Section 2.5.3.1 for additional information regarding the general methodology) conducted 
as part of this CCNPP Unit 3 study revealed no features suggestive of tectonic 
deformation developed in the surrounding Pliocene and Quaternary surfaces." 

Kidwell (1997) describes the details of sedimentary facies at Calvert Cliffs. Many 
channel deposits are defined in the paper, and it seems unlikely that overlooked channels 
can account for the multiple stratigraphic contacts that are offset. Furthermore, on FSAR 
Figure 2.5-26 Moran Landing is at the northeast end of a fairly linear stream valley 
trending northeast that may be a fault or fracture zone trace. 

Please provide additional surface and subsurface data across this feature to show 
that each of the geologic contacts that are down-dropped at the proposed fault contain 
channel deposits in the lows. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response clarifies the unintentionally misleading sentence in the FSAR that 
led to the RAI. The response provides extensive and convincing reasoning and 
observations to support the conclusion that no evidence is known for the presence of a 
capable fault at Moran Landing. The proposed modifications to two sections of the 
COLA summarize the reasoning and conclusions. 

Clarification is needed concerning parallelism of the base of the Pliocene gravel 
and the Miocene contacts through the monoclinal warp. The following statement from the 
response concerning the linear valley and joints at Moran Landing should be added to the 
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COLA: “Cliff exposures along Chesapeake Bay contain northeast-striking joints in the St. 
Mary's Formation that trend perpendicular to the cliff face and likely promote accelerated 
erosion along such drainages rather than the presence of a fault zone. As discussed in 
FSAR Section 2.5.3.1, an extensive search for evidence of surface faulting within the site 
area, including near Moran Landing, uncovered no evidence of faulting. Combined, these 
observations support the conclusions that the linear valley associated with Moran 
Landing is not related to the presence of a capable fault.” 
 
NRC RAI NUMBER 02.05.01–28  

FSAR Section 2.5.1.2.6.4 states "There is no evidence of earthquake-induced 
liquefaction in the State of Maryland", citing Crone and Wheeler (2000) and Wheeler 
(2005). 

Crone and Wheeler (2000) and Wheeler (2005) compiled a database based on 
literature searches. These papers do not represent the original work. The literature 
searches may have missed some publications or there were unpublished works at that 
time. Therefore the databases do not actually support the statement that there is no 
evidence of earthquake-induced liquefaction in the State of Maryland. Please revise the 
FSAR statement/citation. 

Were potential liquefaction features investigated as part of your geologic 
investigation for the site? If so please provide the details. 
 
USGS evaluation: 
 The COLA must be modified as recommended in the paragraphs of the evaluation 
that begin with “Second” and “Fourth” to provide the foundation on which NRC can 
make a credible safety finding. 

The response provides a good answer to the RAI with four notable exceptions, 
two of which urge changes to the COLA. First, a blanket statement like “there is no 
evidence” can never be true, both for the reasons stated in the RAI and because some 
exposed evidence might not have been found or might be unrecognizable with present 
methods and knowledge. What is true is that the applicant’s search did not find any 
published evidence or field evidence of liquefaction in Maryland. One small part of the 
search was to use the reports of Crone and Wheeler (2000) and Wheeler (2005) as a 
screening tool, so that citing these papers in that sense is appropriate. For example, the 
response to RAI 2.5.1-4 cites four publications not cited by Crone and Wheeler (2000) or 
Wheeler (2005). The erroneous claim and its invalid attribution to Crone and Wheeler 
(2000) and Wheeler (2005) should be corrected in a revised COLA. 
 Second, the applicant did a good job of consulting experts, with one exception. 
Dr. Martitia Tuttle earned her doctorate in paleoliquefaction at the University of 
Maryland. She spent a decade doing and publishing thorough, highly regarded 
paleoliquefaction studies in many parts of the Central and Eastern U.S. and elsewhere 
around the world, both with USGS and NRC funding and as a respected consultant. 
Currently she heads the USGS office at the Center for Earthquake Research and 
Information of the University of Memphis. In that capacity she is responsible for being 
aware of work on earthquake hazards east of the Rocky Mountains. Although the 
applicant employs some experienced and respected paleoseismologists, to our knowledge 
none of the persons listed in the response has extensive experience with eastern 
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paleoliquefaction studies except Drs. David Amick and Stephen Obermeier. The response 
does not state whether Dr. Obermeier has worked at or near the site, nor how close to the 
site Dr. Amick worked and how intensely over how large an area. Accordingly, a search 
of the Maryland area that does not involve consulting Dr. Tuttle would be regarded by the 
informed technical community as fundamentally incomplete and its conclusions as 
unconvincing. 
 Third, the word “strongly” in the last paragraph of the response may be overly 
enthusiastic. In scientific reports probably that word would not be used to characterize the 
results of a paleoliquefaction search that was even more intensive than the reconnaissance 
search that is described in the response. The absence of the word “strongly” would not 
have weakened the response, but its presence does. Please make sure that the word does 
not creep into the COLA. 
 Fourth, in Figure 4 of the response an oblique aerial photograph of a terrace along 
the Potomac River shows two circular features in the field foreground that look like sand 
blow liquefaction deposits. The origin of these circular features should be stated and 
supporting evidence provided in the COLA. 
 In addition, the response does a good job of summarizing the liquefaction 
reconnaissance of the area surrounding the site. Particularly helpful are the names and 
affiliations of those consulted, the maps showing road and aerial traverses and waypoints, 
and the oblique aerial photographs. The COLA would be strengthened if this material 
were inserted into it. The same applies to the responses to RAIs 30 and 31, much of 
which overlaps parts of this response. 
 
NRC RAI NUMBER 02.05.01–29  

FSAR Figure 2.5-15 is an important figure for this application because of the 
world wide association of extended continental margin crust and seismic activity. 
However, the figure is confusing and unclear. 

It is unclear whether "Age of crust" refers to the age of deformation, or to the age 
of the deformed rocks. The three different shades of blue in the Explanation do not 
correspond to the map (2 shades of blue, with or without pattern). The darkest blue 
shown under "Age of crust" seems to correspond to the map location of folded, thrust-
faulted Paleozoic rocks (2-5 km thick section), but the underlying crust may be 
Proterozoic (Grenville) in age. The green area is Grenville and older rocks that were 
metamorphosed and intruded during the Grenville orogeny. The "Extended Crust" 
components in the Explanation do not specify an age, but the patterning appears to 
identify only Mesozoic extended crust. 

Please revise FSAR Figure 2.5-15 to: a) clarify the explanation, define highly and 
slightly extended crust, b) list the maps and references from which the figure was 
compiled or simplified, c) indicate the limits of Iapetan normal faulted crust, d) indicate 
the western limits of Mesozoic rift basins, and e) provide additional illustrations as 
needed to indicate the geologic and geophysical basis for the boundaries. 
 
USGS evaluation: 
 No additional information is needed. 
 The revision of this important figure clearly conveys the intended information. 
The new title and revised explanation do a good job of showing the superposed 
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geographic distributions of tectonic age, two degrees of Mesozoic extension, and exposed 
versus concealed rocks of Paleozoic tectonic age. 
 
NRC RAI NUMBER 02.05.01–30  

FSAR Section 2.5.3.1 summarizes the field, aerial, and office investigations that 
were performed within 40 km of the site, largely to detect surface rupture. 

However, along the United States East coast, large earthquakes tend not to rupture 
the surface, but to produce liquefaction features instead. Thus, East coast 
paleoseismology includes a thorough, detailed search for liquefaction features throughout 
large areas. The FSAR provides no information about a liquefaction survey completed for 
the site vicinity (40 km around the site). 

Please provide liquefaction information for the area of the site along with methods 
used and a summary of the findings. 
 
USGS evaluation: 

The COLA must be modified as recommended in the second and fifth paragraphs 
of the evaluation to provide the foundation on which NRC can make a credible safety 
finding. 
 The response provides an acceptable answer to the RAI with four notable 
exceptions, two of which urge changes to the COLA. First, the applicant did a good job 
of consulting experts, with one exception. Dr. Martitia Tuttle earned her doctorate in 
paleoliquefaction at the University of Maryland. She spent a decade doing and publishing 
thorough, highly regarded paleoliquefaction studies in many parts of the Central and 
Eastern U.S. and elsewhere around the world, both with USGS and NRC funding and as a 
respected consultant. Currently she heads the USGS office at the Center for Earthquakes 
Research and Information of the University of Memphis. In that capacity she is 
responsible for being aware of work on earthquake hazards east of the Rocky Mountains. 
Although the applicant employs some experienced and respected paleoseismologists, to 
our knowledge none of the persons listed in the response has extensive experience with 
eastern paleoliquefaction studies except Drs. Stephen Obermeier and David Amick. The 
response does not state whether either paleoseismologist has worked at or near the site. 
Dr. Amick’s cited work was done nearly two decades ago. Accordingly, a search of the 
Maryland area that does not involve consulting Dr. Tuttle would be regarded by the 
informed technical community as fundamentally incomplete and its conclusions as 
unconvincing. 
 Second, the response does a good job of summarizing the quick liquefaction 
reconnaissance of the area surrounding the site. Particularly helpful are the names and 
affiliations of those consulted, the maps showing road and aerial traverses and waypoints, 
and the oblique aerial photographs. The COLA would be strengthened if this material 
were inserted into it. The same applies to the responses to RAIs 28 and 31, much of 
which overlap parts of this response. 
 Third, the last sentence of the response reports a conclusion “that there is no 
evidence of earthquake-induced liquefaction within a 25-mi radius of the site.” Few 
unbiased liquefaction experts would agree that a reconnaissance survey could 
demonstrate the absence of liquefaction. However, it is true that the survey found no 
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known evidence of liquefaction. It is advisable to make sure that this distinction is made 
in the COLA. 
 Fourth, in Figure 4 of the response an oblique aerial photograph of a terrace along 
the Potomac River shows two circular features in the field foreground that look like sand 
blow liquefaction deposits. The origin of these circular features should be stated and 
supporting evidence provided in the COLA. 
 
NRC RAI NUMBER 02.05.01–31  

FSAR Section 2.5.3.1 describes field reconnaissance of the site and site vicinity 
and how the geologists recorded their findings and field locations. However, the extent of 
the fieldwork is unclear. 

Please provide details of the field reconnaissance preformed at the site and within 
the site vicinity. Include maps of field stations and photos of any features considered for 
discussion or analysis. 
 
USGS evaluation: 

The COLA must be modified as recommended in the second paragraph of the 
evaluation to provide the foundation on which NRC can make a credible safety finding. 
 The response provides an acceptable answer to the RAI with two notable 
exceptions, one of which requires a change in the COLA. First, the applicant did a good 
job of consulting experts, with one exception. Dr. Martitia Tuttle earned her doctorate in 
paleoliquefaction at the University of Maryland. She spent a decade doing and publishing 
thorough, highly regarded paleoliquefaction studies in many parts of the Central and 
Eastern U.S. and elsewhere around the world, both with USGS and NRC funding and as a 
respected consultant. Currently she heads the USGS office at the Center for Earthquake 
Research and Information of the University of Memphis. In that capacity she is 
responsible for being aware of work on earthquake hazards east of the Rocky Mountains. 
Although the applicant employs some experienced and respected paleoseismologists, to 
our knowledge none of the persons listed in the response has extensive experience with 
eastern paleoliquefaction studies except Dr. Stephen Obermeier. The response does not 
state whether he has worked at or near the site. Accordingly, a search of the Maryland 
area that does not involve consulting Dr. Tuttle would be regarded by the informed 
technical community as fundamentally incomplete and its conclusions as unconvincing. 
 Second, the response does a good job of summarizing the quick liquefaction 
reconnaissance of the area surrounding the site. Particularly helpful are the names and 
affiliations of those consulted, the maps showing road and aerial traverses and waypoints, 
and the oblique aerial photographs. The COLA would be strengthened if this material 
were inserted into it. The same applies to the responses to RAIs 28 and 30, much of 
which overlaps parts of this response. 
 
NRC RAI NUMBER 02.05.01–32  

FSAR Section 2.5.3.2.2 refers to an east-facing monocline 3.2 km east of the site 
reported by McCartan et al. (1995) and states "If the feature does exist, the Miocene St. 
Mary's Formation is not depicted (USGS, 1995) to be deformed. Therefore, the inferred 
monoclines (USGS, 1995) are older than Late Miocene in age and do not represent a 
surface-fault rupture or deformation hazard at the CCNPP site." 
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FSAR Figure 2.5-40 shows that the St. Mary's Formation has been removed by 
erosion at the location of the monocline, so that it is not continuous enough to determine 
it is unfolded. 

Please reconcile the quotation with what USGS (1995) does and does not show. 
Explain the hazard consequences if the monocline were to be younger than Miocene. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The response explains that the first sentence quoted in the RAI should have 
referred to the Choptank Formation instead of the St. Mary’s Formation. The response 
argues against hazard from any fault whose vertical slip might have produced the 
monoclines on the grounds of (1) lack of direct evidence that the monoclines exist, (2) 
lack of significant elevation changes that could demonstrate folding of the base of the 
Choptank Formation, and (3) structure contours on the Eocene Piney Point Formation 
that preclude structural relief as large as that inferred for the monoclines. 
 The evidence is convincing that the larger, eastern monocline does not exist under 
Chesapeake Bay as published by McCartan and others (1995). However, they inferred a 
smaller monocline under the Patuxent River, as shown on the modified figure in the 
response. The interpretation shown in the figure involves an eastward lowering of the 
base of the Choptank Formation of roughly 30 feet under the river. This interpreted 
monocline would exist in an area 15-20 km west-southwest of the site, where good well 
control on the top of the Piney Point Formation is lacking. Thus, argument (1) of the 
response still argues against the existence of the smaller monocline, but arguments (2) 
and (3) might fail there. 

In Response (c) it is stated. “As discussed above, there is direct evidence that 
there is deformation of Miocene units above the inferred monocline, so there is no 
potential that the monocline could be younger than Miocene.”  As explained in our 
reviews of responses 02.05.01–4, –28, and –30, the blanket assertion that “there is no 
direct evidence” cannot be true, particularly in a reconnaissance search. We believe that 
the sentence should read “…we did not find any direct evidence…so we conclude that 
there is no potential…”. 
 Thus, no additional information is required although the COLA should contain  
the missing words of response (c) and correction of the first sentence quoted in the RAI. 
The response indicates a COLA impact that consists only of replacing a figure. However, 
given the location of the possible small monocline, it would be worthwhile for the 
applicant to develop additional arguments or evidence against its existence and to include 
them in the COLA. The dashed line showing the Choptank-St Marys contact added to 
Figure 2.5-40 would  be more effective if it were in red to distinguish it from the other 
dashed line. Also, the conclusion of the response would be more convincing if a 
statement were added to the COLA explaining that Figures 2.5–14 and 2.5-40 indicate 
that the inferred monocline has been inactive in post-Piney Point time.  
  
 
Section 02.05.02: Vibratory Ground Motion 
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NRC RAI NUMBER 02.05.02–1  

The applicant's FSAR Section 2.5.2.1.2 describes the applicant's update of the 
EPRI seismicity catalog for the period 1985 to present. FSAR Table 2.5-2 lists the 
parameters (including latitude, longitude, time, and magnitude) of the updated portion of 
the seismicity catalog. Please clarify whether or not the values for s2

mb (in FSAR 
Equation 2.5.2-3) were derived from the EPRI seismicity catalog or the updated 
seismicity catalog. Please also provide electronic versions of both the EPRI seismicity 
catalog and the updated seismicity catalog. 
 
USGS evaluation:  
 No additional information is needed. 
 The response provides the clarifications and files requested and makes some 
changes to the FSAR.   
 
NRC RAI NUMBER 02.05.02–2  

Page 2.5-98 of the FSAR states that the magnitudes given in the catalogs were 
converted to EPRI best or expected estimate values of mb based on FSAR Equations 
2.5.2-1 and 2.5.2-2. Please justify the use of these formulas, which are based on 
magnitude data acquired more than 20 years ago. 

Also, in FSAR Equation 2.5.2-3, the applicant assumes b=1.0. Explain whether or 
not this b-value is supported by the regional seismicity data. 
 
USGS evaluation: 
 No additional information is needed. 
 The requested clarifications were provided and some changes to the FSAR made.   
 
NRC RAI NUMBER 02.05.02–3  

FSAR Tables 2.5-4 through 2.5-9 summarize each of the six EPRI team's seismic 
source models. The tables list probability of activity (Pa) for each source. 

(a) Please explain the meaning of "probability of activity" in these tables and also 
discuss the impacts on the seismic hazard. 

(b) For the Central Virginia seismic zone (CVSZ), Tables 2.5-4 through 2.5-9 list 
the following probability values specified by each team: Bechtel (0.35), Dames and 
Moore (1.0), Rondout (1.0), Law (0.43). Given the seismogenic nature of the CVSZ (i.e. 
continued seismic activity in the CVSZ since the EPRI 1986 study and the occurrence of 
the 9 December 2003 M4.3 central Virginia earthquake (Kim and Chapman, 2005, 
BSSA)), please explain why the CVSZ probability of activity values have not been 
adjusted to 1.0. 

(c) In FSAR Table 2.5-5, the Dames and Moore source characterization 
parameters are presented for Zones 41 (Southern Cratonic Margin), 53 (Southern 
Appalachian Mobile Belt), 47 (Connecticut Basin), and 4 (Appalachian Fold Belts). 
Relatively low probabilities of activity were assigned to these zones by the Dames and 
Moore team. Please justify the source characterization parameters used by the Dames and 
Moore team for Zones 41, 53, 47, and 4 to assess seismic hazard of the region 
surrounding the Calvert Cliffs site. Considering the low probability values selected by the 
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Dames and Moore team, please also justify the conclusion that the source 
characterization for Zones 41, 53, 47, and 4 still falls within the range for seismic hazard 
in the Central and Eastern U.S (CEUS) that is accepted by the scientific peer community. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The applicant’s response to this RAI discusses the meaning of Pa (probability of 
activity) and how the meaning of Pa can be different among the EPRI-SOG teams.  Pa is 
explained as being more than just a “probability of activity” and can contain source 
model alternatives weighting.  Including a summary of this explanation in the FSAR 
would help communicate how Pa is used in the hazard modeling. 
 No further information is required, but the applicant is encouraged to include a 
summary of this RAI response in the FSAR for clarification of the meaning of Pa in the 
seismic hazard analysis.  
 
NRC RAI NUMBER 02.05.02–4  

In FSAR Sections 2.5.2.2.1.7 (page 2.5-113) and 2.5.1.1.4.5.1 (page 2.5-66) the 
applicant stated that Chapman and Krimgold (1994) used an Mmax of mb 7.25 for the 
Central Virginia seismic zone (CVSZ). The applicant also noted that Chapman and 
Krimgold's estimate is "similar to" those of the EPRI teams. However, FSAR Tables 2.5-
4 through 2.5-9 show that the weighted mean of the Mmax (mb) values of the EPRI 
teams for the source zones is mb 6.2. Please explain how the Mmax values summarized 
by these weighted means are "similar to" the value provided by Chapman and Krimgold. 
 
USGS evaluation: 
 The COLA must be modified as recommended in the evaluation to provide the 
foundation on which NRC can make a credible safety finding. 

The response replaces the incorrect word “similar”. 
The response provides helpful additional explanations of the EPRI-SOG Mmax 

values for the Central and Eastern U.S. (CEUS), and of their comparison to the old and 
new values of the Charleston 1886 earthquake by Johnston (1992, 1996) and Bakun and 
Hopper (2004). However, the intent of the RAI is to question the dismissal of the large 
Mmax estimate of Chapman and Krimgold (mb 7.22), which coincides with the low-
weight upper end of only one of the six EPRI-SOG Mmax distributions (FSAR table 2.5-
10). Using mb magnitudes, and setting aside the Law Engineering treatment of Virginia 
seismicity, FSAR table 2.5-10 shows that the weighted means of the other five teams’ 
probabilities that mb(max) equals or exceeds the values of Chapman and Krimgold is 
0.03. When this small weight is rounded to a single decimal place as is common with 
magnitudes, it becomes zero. If the weight of the Chapman-Krimgold estimate is given a 
weight of zero, then it cannot be consistent with the EPRI-SOG results in the sense of RG 
1.208, section 3.2. If the estimate is not rounded, then the EPRI-SOG results do not 
envelop it and again the two cannot be consistent. Thus, the Chapman and Krimgold 
Mmax estimate is neither consistent nor compatible with the EPRI-SOG distributions. 
The estimate and the distributions have not been satisfactorily reconciled. 
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Additional post-EPRI information of three kinds should be addressed in a revised 
COLA. 

First, Coppersmith and Cornell, in their chapters of EPRI (1994), presented a 
Bayesian method of estimating Mmax. The Bayesian approach does not appear to have 
been used by or available to the EPRI-SOG teams. Indeed, it may be incompatible with 
the EPRI-SOG computational methodology as it is summarized in EPRI (1988). 
However, the FSAR for the Clinton, IL site uses a Bayesian estimate of Mmax for the 
central Illinois basin background zone. Additionally, Bayesian Mmax estimates are likely 
to be used in the new EPRI-NRC Seismic Source Characterization Project for the CEUS. 
Thus, the Bayesian approach to Mmax represents post-EPRI information that has not 
been addressed. 

In the Bayesian Mmax methodology the worldwide distribution of largest 
observed magnitudes for a given geologic setting (superdomain), such as that of the 
CVSZ, is used to develop the prior distribution. The likelihood function is determined 
from the largest observed magnitude in the area of the site (Mobs) and from the number 
of earthquakes above a specified cutoff magnitude in that area. The posterior Mmax 
distribution is the product of the prior distribution and the likelihood function. Thus a 
relevant and significantly different Mmax estimate for a region, such as the value of 
Chapman and Krimgold, would be new information requiring an updating of the prior 
distribution and hence of the posterior Mmax distribution. 

Second, very few CEUS paleoseismic results were available to the EPRI-SOG 
teams for helping to determine Mmax distributions. Since EPRI-SOG, the Meers and 
Cheraw faults have been shown to have ruptured in earthquakes of M approximately 7 in 
areas that are less seismically active than the CVSZ. Crone et al., 1997 (Australian 
Journal of Earth Sciences) summarized Australian, CEUS, and other paleoseismic and 
historical seismicity. These results indicate an Mmax of at least mb 6.5 for the Australian 
SCR, and the occurrence of CEUS paleoseismic events in the M7-8 range.  More recent 
paleoseismic studies for the New Madrid (Tuttle et al., 2002, Bulletin of the 
Seismological Society of America), Charleston (Talwani and Schaeffer, 2001, Journal of 
Geophysical Research), Wabash Valley (Green et al., 2005, Engineering Geology), and 
Ottawa (Aylsworth et al., 2000, Geology; Ayslworth and Lawrence, 2003, Third 
Canadian Conference on Geotechnique and Natural Hazards) seismic zones reinforce the 
occurrence of M7-8 earthquakes in the CEUS.  Even the limited 2,000-5,000 years of 
paleoseismic evidence presented in the FSAR does not preclude the occurrence of an M7 
event in the CVSZ; note that the Ottawa and Wabash Valley seismic zones have a 6,000 
to 12,000 year record of M7s without any M7s in the last 3,000 years. This post-EPRI 
paleoseismic information should be addressed. The Bayesian prior distributions for the 
larger areal source zones would reflect these M7-8 paleoearthquakes more than would 
small source zones, although the compact source issue of the next paragraph would be 
important for these smaller zones.` 

Third, since EPRI-SOG Wells and Coppersmith (1994, Bulletin of the 
Seismological Society of America), Somerville and Saikia (2000, Annual Report to U.S. 
Geological Survey), and the occurrence of the 2001 Bhuj, India earthquake have shown 
the compact nature of some SCR ruptures for M7 and larger events. This compactness is 
new information that could impact estimates of Mmax in the CEUS and the Calvert Cliffs 
site region. 
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NRC RAI NUMBER 02.05.02–5  

FSAR Section 2.5.2.2.2.3 discusses post-EPRI seismic source characterization 
studies including the USGS (2002) model. The recurrence of New Madrid Seismic Zone 
(NMSZ) Mmax earthquakes is recognized as having changed (USGS, 2002) since the 
EPRI (1986) study. However, there is no calculation of the contribution of the NMSZ to 
the hazard at the CCNPP site. Intensity observations due to the Dec. 16, 1811 earthquake 
rank MMI IV in the site region. Shake Map MMI IV suggests a PGA between 3.9 and 
9.2% g. This is close to the 0.1g PGA associated with the GMRS (refer to FSAR page 
2.5-143). Please discuss the significance of the NMSZ at the CCNPP site and provide 
justification for not including this source zone in the seismic hazard analysis in light of 
the above intensity observations and recent revisions to the national seismic hazard maps 
(USGS, 2002, 2008). 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 

The response lists three reasons the NMSZ was not included in the seismic hazard 
analysis for the CCNPP Unit 3 site.  

The first reason given is that the site is located about 1200 km from the NMSZ 
and the EPRI (2004) ground motion equations are only defined to a distance of 1000 km. 
While this statement is correct it points to a shortcoming of the ground motion equations 
rather than a specific reason that calculating the hazard from the NMSZ at the CCNPP 
site is not required. While it may be outside the scope of the FSAR, ground motion 
equations can be produced and validated at distances of 1200 km. 

The second reason given is that building damage begins with MMI VI in the 
modified Mercalli scale, and thus the occurrence of MMI IV in the CCNPP site region for 
the December 1811 NMSZ event would not imply damage to an engineered facility. By 
this logic, the occurrence of MMI IV/V at the CCNPP site region for the 1886 
Charleston, SC earthquake would imply a Charleston source zone does not contribute 
significantly to the hazard at the site. This reasoning would be wrong as discussed in the 
FSAR.  

The third reason given is that a recent correlation of MMI levels with PGA 
(Atkinson and Kaka, 2007, Bulletin of the Seismological Society of America) associates 
a mean PGA of about 0.008g with MMI IV and this value is significantly below the value 
of 0.039 to 0.092g used in the Shakemaps. While this is true, hazard is calculated at a 
variety of frequencies. For a large NMSZ event at 1200km, long period hazard levels at 
1sec and greater would most likely be similar to the hazard level for PGA. The hazard 
from a NMSZ source has to be calculated at the CCNPP site to know if it should be 
included. 

The response to this RAI is not sufficient to provide the justification requested in 
the RAI.  The applicant needs to discuss what the long period hazard at CCNPP is from 
the New Madrid seismic zone relative to the Charleston seismic zone. 
 
NRC RAI NUMBER 02.05.02–6  
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FSAR Section 2.5.2.2.2.5 (page 2.5-116) states, "Chapman (Chapman, 2002) 
created probabilistic seismic hazard maps for the South Carolina Department of 
Transportation (SCDOT)." The FSAR continues by stating, "The SCDOT model employs 
a combination of line and area sources to characterize Charleston-type earthquakes in 
three separate geometries and uses a slightly different Mmax range (M 7.1 to 7.5) than 
the Chapman (Chapman, 2002) model (Table 2.5-14 and Figure 2.5-54)." 

Clarify whether the Chapman (Chapman, 2002) reference is the SCDOT model, 
and if not, provide a proper reference to the SCDOT model and clarify the apparent 
discrepancy in the FSAR. Revise the FSAR as appropriate to clarify the relationship 
between these models. 
 
USGS evaluation: 
 No additional information is needed. 
 The response explains that the Chapman (2002) model and the SCDOT are the 
same. The reference to Chapman (2002) in the second sentence that is quoted in the RAI 
is a typographical error. The reference should have been to USGS (2002). The COLA 
will be modified to correct the typo and clarify the relations between the cited models. 
 
NRC RAI NUMBER 02.05.02–7  

In FSAR Section 2.5.2.2.2.7 (page 2.5-123), the applicant discussed the 2-sigma 
analysis of event ages performed for the updated Charleston seismic source model and 
stated the following: "Event ages have then been defined by selecting the age range 
common to each of the samples. For example, an event defined by overlapping 2-sigma 
sample ages of 100-200 cal. yr. BP (before present) and 50-150 cal. yr. BP would have an 
event age of 50-150 cal. yr. BP." Please clarify if the resulting event age of 50-150 cal. 
yr. BP is an error and instead should be 100 - 150 cal. yr. BP. Please also explain whether 
or not this error has been propagated through subsequent analyses. 
 
USGS evaluation: 
 No additional information is needed. 
 The response explains that the stated event age of 50-150 cal. yr. BP is a 
typographical error and should have been 100-150 cal. yr. BP as suggested in the RAI. 
These values were an explanatory example and the hazard computations do not use the 
example, so that the error does not impact the computations. The COLA will be modified 
to correct the error. 
 
NRC RAI NUMBER 02.05.02–8  

FSAR Section 2.5.2.4.1 (page 2.5-129) states: "For amplitudes corresponding to 
annual exceedance frequencies in the range 10-4 to 10-8, the 2006 calculations replicate 
the 1989 EPRI results (EPRI, 1989a) to an accuracy that is in the range of 3 percent to 12 
percent, with the 2006 calculations indicating slightly higher hazard. This is acceptable 
agreement, given that independent software was used to perform these calculations." 

(a) Provide the basis for concluding that a 12% disagreement just due to software 
is acceptable. 

(b) Discuss the possible sources of this 3 to 12% difference due to the use of 
independent software to perform the hazard calculations. 
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USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 
 The applicant addresses this RAI by reviewing their calculations and finding that 
there was an error in the EPRI input, an error that only affects the comparison and not 
their hazard analysis. Accounting for this error reduces the difference between the 
original EPRI results and the applicant’s reproduction of the EPRI results. They state that 
the small remaining difference may be due to various reasons including differences in 
algorithms, numerical integration and precision, and unstated assumptions in the original 
EPRI calculations. The applicant states that they will update table 2.5-20. This is 
acceptable, however they should also update the text as well. 
 
NRC RAI NUMBER 02.05.02–9  

FSAR Section 2.5.2.4.6 (page 2.5-133) states the following: 
"Use of all distances in the calculation of mean magnitude and distance 

controlling earthquake values of M = 5.5 and R =97 for the 10-4 event. It is clear from 
the total deaggregation results (see Figure 2.5-67 of the FSAR) that this is not the 
distance of the earthquake controlling high frequency motions. Use of the alternative 
method leads to the same mean magnitude but to the closer distance, R, of 35 km, in 
better agreement with the deaggregation results (again, as shown .in the figure)." 

FSAR Figure 2.5-91 shows that the mean seismic hazard (at 1 0-4) by source for 
the Rondout team at 10Hz is dominated by the Central Virginia seismic zone (CVSZ), 
which is denoted RND-29. This Rondout source zone is 89km from the CCNPP site. 

(a) Using the procedure specified in Appendix D to RG 1.208, the applicant 
obtained values of M=5.5 and R=97, which fit well with a source in the CVSZ. Given 
that FSAR Figure 2.5-91 shows the CVSZ clearly controls high frequency motions, 
please justify the use of the alternative method. 

(b) On page 2.5-134 of the FSAR, in reference to Figure 2.5-9, the applicant 
stated that "... local sources, particularly the central Virginia seismic zone, tend to 
dominate the hazard, particularly for high frequency ground motions (10 Hz)". However, 
FSAR Figure 2.5-67 does not show a dominant contribution to high frequency motions 
from earthquakes in the distance range of the CVSZ (i.e. 76-100km). Please reconcile this 
apparent conflict. 

(c) Which source zone (from which team) actually dominates the large 
contribution to the hazard at M 5.0-5.5 and R 10-20km shown in FSAR Figure 2.5-67? 
Please provide a figure like FSAR Figure 2.5-91, which shows the relative contribution to 
the hazard of the sources from that team. 
 
USGS evaluation: 

The COLA should be modified as recommended in the evaluation to make the 
COLA’s discussion of this topic scientifically convincing. 

In the response to part a) the applicant discusses the importance of the CVSZ for 
the Roundout team. The RAI part a) did not question the importance of the CVSZ. The 
RAI requests a justification for using an alternative method to the procedure specified in 
Appendix D to RG 1.208 when determining the mean magnitude and distance of 
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earthquakes controlling the hazard. The applicant’s response does not supply this 
justification in part a). However, in parts b) and c) the applicant provides the reason that 
FSAR Figure 2.5-91 is not representative of the seismic source contributions of most of 
the EPRI teams. Because the CVSZ does not dominate the total hazard calculation at high 
frequencies, the explanation for using the alternative method discussed in the FSAR is 
acceptable. 

The response to part b) provides an explanation for an apparent conflict between 
two figures in the FSAR. The explanation is acceptable. Still, the contribution to the 
seismic hazard of the various sources as defined by the various ERPI teams is confusing 
at best. The applicant’s resolution of an apparent conflict in the FSAR should be directly 
addressed in the COLA. 

The response to part c) provides Figure 02.05.02-9c, which shows that a host 
source (containing the CCNPP site) actually dominates the seismic hazard with relatively 
little contribution from the CVSZ (BEC-E) for the Bechtel team. It is stated this figure 
reflects the source contributions of 3 other teams. To avoid confusion in the future, this 
figure should replace FSAR Figure 2.5-91 if it is more representative of the overall 
hazard for all teams. 
 
NRC RAI NUMBER 02.05.02–10 
 The applicant’s responses to NRC listed this RAI as “Not issued” and did not 
include a response to the RAI. 
 
NRC RAI NUMBER 02.05.02–11  

In FSAR Section 2.5.2.5.1.2 (page 2.5-135), the value in the statement, "The 
upper 400± ft (122 m) of the site soils was investigated using test borings, cone 
penetration testing, test pits, and geophysical methods." appears to be missing its 
uncertainty value. Please specify this value. 
 
USGS evaluation: 
 No additional information is needed. 
 The response explains that the plus-or-minus symbol is a typographical error and 
should not be there. The applicant did not intend to specify the uncertainty of the 400 ft 
depth. The COLA will be modified to correct the error. 
 
NRC RAI NUMBER 02.05.02–12  

In FSAR Section 2.5.2.5.1.5 (page 2.5-139), the applicant stated that it used a 
stress drop of 120 bars. Please justify this choice of stress drop. For example, the current 
update of the USGS National Seismic Hazard Maps for sources in the central and eastern 
US considers equal weighting of 140 and 200 bar stress drops for the Atkinson and Boore 
(2006) ground motion model. 
 
USGS evaluation: 
 No additional information is needed. 
 The applicant states that stress drop has little effect on the site amplification 
factors. Going from a 120 to a 200 bar stress drop affects the duration by less than 20 % 
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and affects the hard rock and soil response similarly. Hence when taking the ratio to 
determine the site amplification, the effect of stress drop is negligible. 
 
NRC RAI NUMBER 02.05.02–13  

In order for the staff to verify the adequacy of the GMRS, please provide 
electronic values for the total mean (soil) hazard curves for 1, 2.5, 5, 10, 25, and 100 Hz 
structural frequencies (i.e. soil hazard curves corresponding to the GMRS location or the 
soil column that did not contain any soil above the base of the nuclear island) for annual 
exceedance frequencies ranging from 10-3 to 10-6 (including a range of values between 
10-4, 10-5, and 10-6). 
 
USGS evaluation: 
 The COLA must be modified as recommended in the evaluation to provide the 
foundation on which NRC can make a credible safety finding. 

The GMRS is one of the main outcomes of the PSHA and everything that goes 
into it. The response to this RAI by the applicant is that the calculations at the other 
frequencies requested were not done and hence are not available.  Frankly, this seems to 
be an inadequate answer.  Unless there are reasons that the calculations at the requested 
frequencies can not be done, the calculation should be made and provided in electronic 
format as requested.  If there are reasons why the calculations can not be made, they 
should be explicitly stated.  
 
NRC RAI NUMBER 02.05.02–14  

FSAR Section 2.5.2.6 (page 2.5-142) states, "A vertical SSE spectrum was 
calculated by deriving vertical-to-horizontal (V:H) ratios and applying them to the 
horizontal SSE." using three different methods. Please justify not considering the 
approach described in Appendix J of NUREG/CR-6728, which presents a methodology 
to estimate V/H for CEUS soil and rock sites. 

In addition, recent data show that the 14 June, 2008 M 6.9 lwate-Miyagi 
earthquake in Japan produced a vertical ground motion of greater than 3.8 g at the surface 
and 0.68 g at 260 m depth (Aoi, S. and others, 2008, Trampoline effect in extreme ground 
motion: Science, v.322, p. 727). This vertical ground motion is much higher than its 
horizontal components at the surface and about equal at depth of the basement rock over 
a wide range of frequencies. How do these documented observations affect the modeled 
ground motions at the CCNPP3 site? 
 
USGS evaluation: 
 No additional information is needed. 

The applicant discussed this issue and stated that the expected conditions and 
situation at CCNPP are different from the assumptions in Appendix J and the 2008 
Japanese observations. 
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