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Sarah, Cliff

I have need of some consultation about the CCNPP RAI responses for question (Q3) for section 2.5.1. This RAI set
came from USGS. USGS provided in their evaluation of those responses 3 kinds of category: response must be
included in revised FSAR; should be included in revised FSAR and OK as is, along with their rationale for these
assignments.

I have pasted together the original RAI, applicant response (lengthy), and USGS evaluation. The doc I am sending is 5
pages long. If you have time could you read through and chat with me about this. Not a rush job.

Thanks.

Alice
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NRC RAI NUMBER 02.05.01-3

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.

Applicant Response

In preparing the CCNPP Unit 3 FSAR, the Johnston et al. (1994) report was evaluated to determine
whether this body of research constituted new information that should motivate revisions to EPRI-SOG
seismic source characterizations (EPRI, 1986) per the guidance provided in NRC Regulatory Guide 1.165
(NRC, 1997). This evaluation resulted in the determination that there was no new information or data
within the Johnston et al. (1994) report that required updating of the EPRI-SOG source characterizations.
The basis for this conclusion is that the EPRI-SOG earth science teams (ESTs) were aware of the primary
conclusion of the Johnston et al. (1994) study that there was a correlation between Mesozoic and
Cenozoic extended crust and large stable continental region (SCR) earthquakes and thus already
accounted for that observation in their seismic source characterizations.

As described in this question, the Schulte and Mooney (2005) study reassesses the correlation between
earthquakes and extended and non-extended SCRs using an updated SCR earthquake catalog. Based on
their analysis, Schulte and Mooney (2005) made numerous observations and conclusions that largely
support the conclusions of Johnston et al. (1994). In particular, Schulte and Mooney (2005) conclude that:

1. Extended SCR crust only has slightly more earthquakes then non-extended SCR crust, and
2. The largest SCR earthquakes (Mw > 7.0) occur predominately within extended crust.

Schulte and Mooney (2005) state that these conclusions are essentially the same as those of the Johnston
et al. (1994) study, and thus the relevance of the Schulte and Mooney (2005) study is that it supports the
results of the Johnston et al. (1994) study. Therefore, Schulte and Mooney (2005) do not present any new
information with respect to the seismic potential of rifted SCRs that requires specific updates to the EPRI-
SOG source characterizations used for the CCNPP site.

The basis for these conclusions is presented below in additional detail.
Johnston et al. (1994) Study.

The Johnston et al. (1994) study was conducted from the mid-1 980s to the early 1990s under the
direction of EPRI with the goal of developing an earthquake database for SCRs worldwide and exploring
the possibility of using this database to help constrain characterizations of the potential for large
earthquakes within SCRs. To accomplish this goal, the Johnston et al. (1994) study:

(1) Defined SCRs worldwide, subdivided these regions into tectonic domains, and defined descriptor
variables for these domains (e.g., crust type, tectonic age, stress regime) (see Chapter 2 of Johnston et al.
(1994)).



(2) Compiled a global catalog of earthquakes within SCRs (see Chapter 3 of Johnston et al. (1994)).

(3) Tested for significant statistical correlations between the SCRs subdivided at different levels and the
maximum observed earthquake magnitude with these subdivisions to determine if a robust estimator of
Mmax values could be developed (see Chapter 5 of Johnston et al. (1994)).

Two of the fundamental assumptions of the Johnston et al. (1994) study are: (1) that for similar tectonic
domains within SCRs worldwide (e.g., extended Mesozoic crust), space can be traded for time to allow
development of a composite earthquake catalog for that particular style of tectonic domain that is larger
than the catalog of earthquakes within just a single Occurrence of that domain (e.g., extended Mesozoic
crust in North America); and (2) these grouped, similar tectonic domains (e.g., all extended Mesozoic
crust worldwide) have the same fundamental seismicity characteristics (i.e., maximum magnitudes
(Mmax)).

EPRI's primary motivation for initiating the Johnston et al. (1994) study was twofold: (1) to provide the
EPRI-SOG ESTs with guidance on estimating Mmax values for source zones within the central and
eastern US (CEUS); and (2) to determine if there is a robust method of estimating Mmax based on
historical seismicity. The Johnston et al. (1994) study was conducted in two phases to meet these goals.
As'part of the first phase, Johnston et al. (1994) developed an initial division of SCRs based on tectonic
features and a global. catalog of earthquakes within SCRs. These materials were then used to develop
first-order conclusions to aid the ESTs in their development of source characterizations for the CEUS.
The main conclusion presented to the ESTs was that there is an association between rifts and passive
margins of Mesozoic and younger age, where age is defined as the time of the last penetrative
deformation (page 2-4) (Johnston et al., 1994), and the largest observed earthquakes in SCR regions (see
chapter 1, page 1-2 of Johnston et al. (1994)).

The second phase of the Johnston et al. (1994) study attempted to expand upon this conclusion and
determine if there was a robust method for estimating Mmax based on historical earthquakes by following
three steps: (1) defining tectonic domains; (2) developing a SCR seismicity catalog; and (3) testing for
statistical correlation between the tectonic domains and seismicity. As part of this effort Johnston et al.
(1994) refined their subdivision of tectonic domains and their defining characteristics (see Chapter 2 of
Johnston et al. (1994)). The broadest subdivision used by Johnston et al. (1994) to classify SCRs was that
between extended and non-extended rust. Extended crust includes regions of rifting, distributed
continental extension, and passive magins; non-extended crust includes the remainder of SCR crust. In
addition. to this subdivision, Johnston et al. (1994) further defined 24 different categories of non-extended
crust and 720 categories of extended crust based on what they refer to as descriptor variables
characterizing the crust (e.g., stress regime, crustal type, crustal age) (see Chapter 2 and 5 of Johnston et
al. (1994)).

These subdivisions, representing different sets of descriptor variables, were examined to determine if
there was a statistically significant correlation between the subdivisions and the maximum observed
earthquakes in the subdivisions. The conclusion reached by Johnston et al. (1994) from analyzing all of
the different subdivisions and descriptor variables was that there is only a slight statistical difference
between the mean maximum observed earthquake magnitude in extended crust and the mean maximum
observed magnitude in non-extended crust. Additionally, no other descriptor variable was found to have
a statistically significant correlation. Johnston et al. (1994) qualify the impact of these conclusions by
stating, "we find that there is no strong evidence that any typical extended crust domain has a larger
maximum magnitude than a typical non-extended crust domain," (page 5-17) (1994). Johnston et al.
(1994) essentially concluded that a robust estimator of Mmax cannot be found using the assumption of
space-time equivalence for seismicity and the tectonic descriptions of SCRs defined by Johnston et al.
(1994).

Despite the lack of a robust estimator for Mmax, the main conclusion from the first phase of the Johnston
et al. (1994) study persisted through the end of the second phase and was refined to say that the maximum



observed earthquake in extended SCRs worldwide is greater than the maximum observed earthquake in
non-extended SCRs (see Chapter 4 and 5 of Johnston et al.(1994)). As summarized above and outlined in
Chapter 1 of Johnston et al. (1994), this main conclusion of the study was presented to the EPRI-SOG
ESTs during their evaluations of seismic sources. The information contained within this conclusion was
evaluated by the EPRI-SOG ESTs, and thus the information is not new information that requires updating
of the EPRI-SOG source characterizations.

Schulte and Mooney (2005) Study

Largely due to the results of the Johnston et al. (1994) study, many in the seismic hazards community
have held the opinion that there is a difference in seismicity between extended and non-extended SRCs.
The stated purpose of the Schulte and Mooney (2005) study was to reevaluate this hypothesis using an
updated earthquake catalog. Unlike the Johnston et al. (1994) study, the goal of the Schulte and Mooney
(2005) study was not to investigate SCR Mmax values.

Besides the difference in study motivation, there are three main methodological differences between the
Johnston et al. (1994) and Schulte and Mooney (2005) studies:

1. Schulte and Mooney (2005) used an updated seismicity catalog with approximately 58% more
earthquakes than in the Johnston et al. (1994) catalog;

2. Schulte and Mooney (2005) divided SCRs into five different classifications of tectonic domains
(interior rifts, rifted margins, non-rifted crust, possible interior rifts, and possible rifted margins) as
opposed to the hundreds used by Johnston et al. (1994); and

3. Instead of performing statistically robust regressions between domain classifications and earthquakes
within the domains, Schulte and Mooney (2005) simply calculated the proportions of SCR earthquakes
and seismic moment occurring within the domains for various subsets of the catalog based on earthquake
magnitudes, completeness, and measurement type (i.e., historical vs. instrumental) (see Figure 3 of
Schulte and Mooney (2005)).

Based on their analysis of the updated seismicity catalog, Schulte and Mooney (2005) present nine
specific conclusions -(see page 719 of Schulte and Mooney (2005)). Each of these conclusions is
discussed below with respect to its relevance for potentially updating the EPRI-SOG source
characterizations used for CCNPP.

Conclusions 1-3

* 27% of earthquakes occur within interior rifts, 25% within rifted margins, 36% occur within non-rifted
crust, and 12% have an uncertain setting;

* These percentages imply that within interior regions there are slightly more earthquakes within non-
rifted crust (36%) than within rifts (25%); and

* These results are relatively stable if only instrumental earthquakes are considered.

Schulte and Mooney (2005) state that these results are similar to the results of Johnston et al. (1994), and
thus Schulte and Mooney (2005) provide support to the conclusion that their study presents no new
information or data that motivates revisions to the EPRI-SOG source characterizations used for CCNPP.

Conclusion 4

* The above results are relatively stable if only Mw > 6.0 earthquakes are considered, but Mw > 7.0
earthquakes overwhelmingly occur within rifted crust.

This conclusion is essentially the same as that of Johnston et al. (1994) that noted the maximum observed
earthquakes in extended SCRs worldwide is greater than the maximum observed earthquakes in non-
extended SCRs. Therefore, this conclusion is not considered new information that requires updating the
EPRI-SOG source characterizations.



Conclusions 5-6
* Seismicity is spatially inhomogeneous between different interior rifts; and
* Mw > 6.0 earthquakes occur within non-rifted crust.

Both of these conclusions are trivial observations that are also apparent within the earthquake catalog of
Johnston et al. (1994). They do not motivate any revisions to the EPRI-SOG source characterizations.

Conclusion 7

* The most seismically active rifts are the Kutch, East China, St. Lawrence, and Reelfoot rifts, and these
rifts, with the exception of the Reelfoot, may have additional factors influencing their seismicity.

These regions were also identified as very seismically active within the Johnston et al. (1994) study, and
thus this basic observation is not considered new information. The opinion that seismicity within the
Kutch and East China rifts may be due to plate boundary process and that seismicity within the St.
Lawrence rift may be influenced by the existence of a terrane suture and meteorite impact implies that
these regions may be better classified as not SCRs. If these regions are not SCRs, earthquakes within
them should not be considered in the analysis of Schulte and Moo'ney (2005) and Johnston et al. (1994),
and the reported relationship between large earthquakes and rifted crust is likely even less robust than
presented by Schulte and Mooney (2005) and Johnston et al. (1994). Such a paradigm shift would suggest
that there is little significance to the presence of rifted crust surrounding the CCNPP Unit 3 site and thus
does not motivate modifying the EPRI-SOG source characterization.

Conclusion 8

* The majority of historically active regions have instrumental records of seismicity that show hardly any
greater seismic activity then surrounding regions when only the instrumental record is considered (i.e.,
many regions with large historical earthquakes have few if any large instrumentally recorded
earthquakes).

This conclusion is based on observations of the historical and instrumental seismicity catalog that were
also apparent at the time of the EPRI-SOG (EPRI, 1986) and Johnston et al. (1994) studies. As such, this
conclusion does not motivate any revisions to the EPRI-SOG source characterizations.

Conclusion 9
* There are few large earthquakes observed within Europe, a region with extensive rifted crust.

While not explicitly stated within the Johnston et al. (1994) study, this observation was apparent in the
seismicity catalog used by Johnston et al. (1994) and was therefore accounted for in their domain-
earthquake regressions. The impact of the extended SCRs with low levels of seismicity and very few
large earthquakes is summarized by Johnston et al. (1994) where they state that "...there is no strong
evidence that any typical extended crust domain has a larger maximum magnitude than a typical non-
extended crust domain,' (page 5-17) (Johnston et al., 1994). Without referencing any particular studies,
Schulte and Mooney (2005) summarize their study by suggesting that "the correlation of seismicity within
SCRs and ancient rifts has been overestimated in the past." Again, this conclusion supports the Johnston
et al. (1994) observation, of only minor differences between the seismicity observed in extended and
nonextended SCRs.

Summary

The main conclusions of the Johnston et al. (1994) study with respect to source characterizations are that:
(1) there is little statistical difference in the observed seismicity of extended and non-extended SCRs, but
(2) the largest magnitude earthquakes tend to occur in extended SCRs. These conclusions were known
and evaluated by the EPRI-SOG ESTs during the development of their source characterizations and are
thus accounted for in the EPRI-SOG model used for CCNPP (EPRI, 1986). The relevance of the Schulte



and Mooney,(2005) study to the CCNPP site is that their conclusions largely support the conclusions of
Johnston et al. (1994). As reviewed above, several Schulte and Mooney (2005) conclusions directly
support the conclusions of Johnston et al. (1994), and none of the Schulte and Mooney (2005)
conclusions contradict those of Johnston et al. (1994) or provide new information that motivates revisions
of the EPRI-SOG source characterizations used for CCNPP.

COLA Impact: None

USGS Evaluation of Response:

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
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.
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