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SHEARON HARRIS NUCLEAR POWER PLANT, UNITS 2 AND 3
DOCKET NOS. 52-022 AND 52-023
SUPPLEMENT I TO RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION LETTER
NO. 030 RELATED TO BASIC GEOLOGIC AND SEISMIC INFORMATION

Reference: Letter from Manny Comar (NRC) to James Scarola (PEC), dated October 14, 2008,
"Request for Additional Information Letter No.. 030 Related to SRP Section 02.05.01
for the Harris Units 2 and 3 Combined License Application"

Ladies and Gentlemen:

Progress Energy Carolinas, Inc. (PEC) hereby submits our response to the Nuclear Regulatory
Commission's (NRC) request for additional information provided in the referenced letter.

A •partial response to the NRC request is provided in Enclosure 1. An initial submittal of responses
was provided by letter dated December 26, 2008. An additional submittal is planned by January 8,
2009 to provide the remaining responses., See page 1 of Enclosure.1 for details. Enclosure I also
identifies changes that will be made in a future revision of the Shearon Harris Nuclear Power Plant
Units 2 and 3 (HAR) application.

Enclosure 2 provides a list of files included on the attached CD. The files have been prepared in
accordance with NRC electronic submittal guidance. A pre-flight report is included as Enclosure 3.

If you have any further questions, or need additional information, please contact Bob Kitchen at

(919) 546-6992, or me at (919) 546-6107.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on December 30, 2008.

Sincerely,

Garry D. Miller
General Manager
Nuclear Plant Development
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P.O. Box 1551

Raleigh, NC 27602
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Shearon Harris Nuclear Power Plant Units 2 and 3
Supplement I to Response to NRC Request for Additional Information Letter No. 030

Related to SRP Section 02.05.01 for the Combined License Application, dated October 14,
2008

NRC RAI #

02.05.01-1

02.05.01-2

02.05.01-3

02.05.01-4

02.05.01-5

02.05.01-6

02.05.01-7

02.05.01-8

02.05.01-09

02.05.01-10

02.05.01-11

02.05.01-12

02.05.01-13

02.05.01-14

02.05.01-15

02.05.01-16

02.05.01-17

02.05.01-18

02.05.01-19

02.05.01-20

02.05.01-21

02.05.01-22

02.05.01-23

02.05.01-24

02.05.01-25

02.05.01-26

02.05.01-27

02.05.01-28

02.05.01-29

02.05.01-30

02.05.01-31

Progress Energy RAI #

H-0138
H-0139
H-0140
H-0141
H-0142
H-0143
H-0144
H-0145
H-0146
H-0147
H-0148
H-0149
H-0150
H-0151
H-0152
H-0153
H-0154
H-0155
H-0156
H-0157
H-0158
H-0159
H-0160
H-0161
H-0162
H-0163
H-0164
H-0165
H-0166
H-0167
H-0168

Progress Enerqy Response

December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
Response enclosed - see following pages
Future submittal - expected by 1/8/09
Future submittal - expected by 1/8/09
Future submittal - expected by 1/8/09
December 26, 2008

December 26, 2008
Response enclosed - see following pages
Future submittal - expected by 1/8/09
Response enclosed - see following pages
Response enclosed - see following pages
Response enclosed - see following pages
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
December 26, 2008
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Attachments Associated NRC RAI # Attachment on CD

Figure 2.5.1-213 (Revised) 02.05.01-1,6,7,8,9,19

RAI 02.05.01-03 Figure 1 02.05.01-3,19

RAI 02.05.01-03 Figure 2 02.05.01-3,9,19

RAI 02.05.01-03 Figure 3 02.05.01-3,7,8,19

RAI 02.05.01-05 Figure 1 02.05.01-3,5,19

RAI 02.05.01-05 Figure 3 02.05.01-3,5,19

Figure 2.5.1-21 6(Sh.1 &2)(Revised) 02.05.01-8,9,15

Figure 2.5.1-230(Sh. 1 of 2)(Revised) 02.05.01-8,18,19,20,23,28

RAI 02.05.01-9 Figure 1 02.05.01-9

RAI 02.05.01-9 Figure 2 02.05.01-9

Telecon Hanson to Obermeier 02.05.01-9

E-mail Weems and photos 02.05.01-9

RAI 02.05.01-9 Figure 3 02.05.01-9

Figure 2.5.1-228 (Revised) 02.05.01-17

RAI 02.05.01-17 Figure 1 02.05.01-17

RAI 02.05.01-17 Figure 2 02.05.01-17

RAI 02.05.01-18 Figure 1 02.05.01-18

RAI 02.05.01-19 Figure 1 02.05.01-19

RAI 02.05.01-19 Figure 2 02.05.01-19

Figure 2.5.1-233 (Revised) 02.05.01-19

Figure 2.5.1-231 (Revised) 02.05.01-19,20,23,28

Figure 2.5.1-237, Sheet 1 (Revised) 02.05.01-18,21

December 26, 2008

December 26, 2008

December 26, 2008

December 26, 2008

December 26, 2008

December 26, 2008

December 26, 2008

December 26, 2008

Attachment 02.05.01-09A

Attachment 02.05.01-09B

Attachment 02.05.01-09C

Attachment 02.05.01-09D

Attachment 02.05.01-09E

Attachment 02.05.01-17A

Attachment 02.05.01-17B

Attachment 02.05.01-17C

Attachment 02.05.01-18A

Attachment 02.05.01-19A

Attachment 02.05.01-19B

Attachment 02.05.01-19C

December 26, 2008

December 26, 2008
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NRC Letter No.: HAR-RAI-LTR-030

NRC Letter Date: October 14, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.01-9

Text of NRC RAI:

FSAR section 2.5.1.1.4.2.4 provides a discussion of Cretaceous and Cenozoic tectonic
structures.

a) The FSAR introduces the Neuse hinge and Onslow and Albermarle blocks. However, these
features are not defined in the text as to what they are nor are they included in any figure.
Please include further details for these features.

b) The FSAR has not distinguished between the Grainger's wrench zone and the Grainger's
basin area. Please clarify.

c) FSAR section 2.5.1.1.4.2.5.1 introduces a lineament observed in LIDAR data. The discussion
contains numerous speculative statements about the nature and significance of the feature but
does not provide details for the basis of the interpretations. Please describe the topographic
expression and trenching investigations of the lineament identified by Wieczorek et al (2004) in
greater detail. Include the evidence that suggests Pleistocene or Holocene movement on the
fault. Explain why the results of the trenching are equivocal. How does trench evidence suggest
faulting as young as Holocene?

d) The discussion about the CVSZ in the FSAR does not make any concluding statement about
the CVSZ seismic zone with respect to the seismic evaluations for the SHNPP. In addition the
FSAR does not cite any of the discussion or final disposition for the CVSZ developed for
NUREG 1835, North Anna ESP. Please provide more information and make a concluding
statement about the impact of CVSZ to SHNPP.

e) Figure 2.5.1-216 is a figure showing Quaternary features in the eastern US and shows the
200mile radius boundary of the SHNPP. The Neuse hinge, Onslow and Albermarle Blocks are
discussed in text but are not indicated on this map. The features under discussion in the text are
focused on a small crowded portion of the map so they are difficult to discern while trying to
understand the discussion in the text. Please revised figure so that features being discussed in
the text are clearly distinguished and legible. Single out the largest historical quake recorded for
the CVSZ on the map.

f) Section 2.5.1.1.4.2.5, under Charleston Liquefaction features, states: "The causative fault or
faults that produced this event, as well as the prehistoric events know from locations and dates
of liquefaction have not been identified". The applicant provides only one reference for this
section. However, there are many publications in the published literature for the Charleston
Earthquake structural features, for example: Dave Amick and others; P. Talwani and others,
Chapman and others, Obermeir and others. Please develop a more comprehensive discussion
for these features that is more comprehensive of the scientific literature.
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PGN RAI ID #: H-0146

PGN Response to NRC RAI:

FSAR Sections 2.5.1.1.4.2.4 and 2.5.1.1.4.2.5 will be reformatted and additional information
provided in a future revision to respond to the NRC RAI comments.

In FSAR Section 2.5.1.1.4.2.5 the known or suggested Quaternary tectonic features that may be
significant for the assessment of seismic hazard at the HAR site will be described in the
following subsections:

* Subsection 2.5.1.1.4.2.5.1 describes distinct seismic source zones that were previously
recognized by the EPRI-SOG ESTs and that are also recognized in the Quaternary
tectonic features database (Reference 2.5.1-258). These include the Charleston seismic
zone (also referred to as the Middleton Place-Summerville seismic zone) (Class A), the
Central Virginia seismic zone (Class A), and two other regions of the Valley and Ridge
province of the southern Appalachians that exhibit relatively high rates of low- to
moderate-magnitude earthquakes (i.e., Giles County seismic zone [Class C] and
Eastern Tennessee seismic zone [Class C]).

0 Subsection 2.5.1.1.4.2.5.2 describes postulated neotectonic features that have been
evaluated as potential seismic sources. These postulated faults or neotectonic features
include: the Pembroke faults (Class B), East Coast fault system (Class C), and Weems
fall zones (Class C).

* Subsection 2.5.1.1.4.2.5.3 summarizes the results of paleoliquefaction studies that have
been conducted within the HAR site region.

a) A discussion of the Neuse hinge and Onslow and Albemarle blocks will be added to Section
2.5.1.1.4.2.4. The Neuse hinge will be added to a revised version of Figure 2.5.1-213. The
northwest-southeast-trending Neuse hinge (revised Figure 2.5.1-213) is a basement flexure
zone which borders the southern part of the Grainger's basin and has persisted since the
Mesozoic (Reference 2.5.1-255). The Neuse hinge separates the Onslow block to the south
and Albemarle block to the north, delineating the boundary between two crustal blocks that
have behaved differently throughout the Mesozoic and Cenozoic, and have at times uplifted
or subsided relative to each other. At the present time, the Albemarle block is down relative
to the Onslow block, creating the Albemarle embayment. (Reference 2.5.1-255) The Neuse
hinge has affected the spatial distribution of Paleogene and perhaps Neogene sediments
(Reference 2.5.1-255).

The Neuse hinge (also called the Neuse fault) was reviewed in detail as part of the HNP
FSER. Based on a literature review and discussions with local experts on the geology of the
Carolina Coastal Plain, it was observed that the postulated Neuse fault had been mapped in
several different locations, there is no seismicity associated with the proposed fault, and
there is no unequivocal evidence that the proposed fault exists or that there has been any
post-Cretaceous movement along its proposed alignment (Reference RAI 02.05.01-09 01).
The NRC staff concluded that there is no evidence to indicate that the proposed fault exists,
and even if it does exist, there is no evidence that it is a capable fault and thus a hazard to
the site (Reference RAI 02.05.01-09 01). More recent interpretation of basement structure
beneath the Coastal Plain section by Lawrence and Hoffman (Reference 2.5.1-251) does
not show a fault coincident with the Neuse hinge (RAI 02.05.01-3 Figure 2).
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b) Post-Paleocene faulting along Grainger's wrench zone (revised Figure 2.5.1-213) has
been studied by McLaurin and Harris (Reference 2.5.1-257). The Grainger's wrench fault is
a reactivated structure that coincides with the western border of the Grainger's structural
basin, a northeast-southwest-oriented feature (revised Figure 2.5.1-213) delineated on
aeromagnetic and gravity maps. An unnamed splay of the Roanoke Island-Goldsboro fault
as mapped by Lawrence and Hoffman (Reference 2.5.1-251) appears to coincide with the
western border fault. The history of motion on this northeast-southwest-trending fault system
has been reconstructed by McLaurin and Harris using stratigraphic information. The most
recently active faults, which developed'during the Paleocene, overprint Late Cretaceous and
early Paleocene east-west fault trends. The combination of the younger
northeast-southwest-trending faults superimposed over the older east-west fault geometry
has resulted in the Grainger's basin area being broken into a series of fault blocks (RAI
02.05.01-9 Figures 1 and 2).

c) The only published information on the lineament identified from interpretation of LiDAR
data in the Shenandoah Valley of Central Virginia is an abstract by Wieczorek et al.
(Reference 2.5.1-260). The northwest-southeast-trending lineament identified by Wieczorek
et al. (Reference 2.5.1-260) extends for at least 6 km (3.75 mi.) across Tertiary and
Quaternary alluvium that overlies Paleozoic formations. Wieczorek et al. interpret sheared
saprolite in Paleozoic bedrock at one location along the lineament to represent a possible
vertical fault (referred to as the Harriston fault) (Reference 2.5.1-260). The possible fault
may be of Paleozoic or Mesozoic age. Both tectonic and nontectonic mechanisms are
considered to explain the geomorphic feature that shows up as a lineament in the LiDAR
image. The feature may be the result of subsidence caused by groundwater circulating
along the fault in the underlying karst. Alternatively the topographic expression of the
lineament in the alluvium may be the result of Pleistocene or younger movement on the
Harriston fault.

Rob Weems (USGS) with assistance from Dr. Steve Obermier logged two exploratory
trenches excavated across the lineament. Dr. Obermeier provided a summary of the
preliminary interpretation of the trenches in a telephone conversation on July 28, 2006
(Attachment 02.05.01-09C). In one trench possible evidence for deformation of gravels
(aligned) was observed. However, in the second trench, there was no evidence of
deformation. The results of this preliminary trenching effort therefore were judged by Dr.
Obermeier to be equivocal, and it was concluded that additional work would be needed to
better evaluate evidence for recent faulting. Richard Harrison (USGS), second author on the
original Wieczorek et al. abstract indicated in an electronic communication on November 3,
2008 that the results of the trenching investigations have not been published and that there
are no other publications on the feature that post-date the Wieczorek et al. abstract. Dr.
Weems provided additional clarification regarding the observations in the trenches in an
electronic communication on November 19, 2008 (see Attachment 02.05.01-09D).

d) Based on a review of recent information, including a careful review of the results of
previous paleoliquefaction investigations and geologic evaluation of structures, the North
Anna ESP application concluded that the EPRI-SOG seismic source characterizations for
the Central Virginia seismic zone (CVSZ) did not need to be updated. The NRC concurred
that the characterization of the impact of paleoliquefaction features on the seismic
characterization of the CVSZ was accurate, and that characterization of the occurrence of
earthquakes is consistent with EPRI seismic source recurrence estimates for the CVSZ. In
response to RAI 2.5.1-1 for the Dominion North Anna ESP, the applicant concluded that the
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liquefaction features identified by Obermeier and McNulty (Reference RAI 02.05.01-09 02)
represent one or possibly two moderate magnitude (magnitude approximately 5.5 to 6.5)
earthquakes in the CVSZ in the middle to late Holocene. Field reconnaissance by
Obermeier of thousands of meters of liquefiable deposits in the area that found liquefaction
features occur in a restricted area and are not indicative of a magnitude 7 earthquake or
abundant magnitude 6 to 7 earthquakes during the Holocene within the CVSZ. (Reference
RAI 02.05.01-09 03) The North Anna FSER (Reference RAI 02.05.01-09 03) further states
that there is no reported geomorphic expression, historical seismicity, or Quaternary
deformation along either the Hylas shear zone or the Lake of the Woods thrust fault. Diffuse,
scattered seismicity occurs throughout the Central Virginia seismic zone (CVSZ), but it is not
spatially concentrated or aligned with either of these two structures.

For the HAR COLA, it also was concluded that the EPRI-SOG characterization of the CVSZ
did not need to be updated based on new information. The CVSZ is approximately 320 km
(200 mi.) from the HAR site. Given the distance and the lack of geomorphic or geologic
evidence for large magnitude events, and diffuse seismicity, the CVSZ is not a controlling
seismic source for the HAR site.

e) Figure 2.5.1-216 will be revised in a future revision to more clearly show the structures
discussed in the text (see Attachment 02.05.01-08A). A second sheet to Figure 2.5.1-216
will be included in a future amendment to better illustrate the locations of seismic zones. The
largest seismic event in the CVSZ, discussed in the text will be shown on Revised Figure
2.5.1-216 (Sheet 2). The Neuse hinge, which is indicated by a single point on the Wheeler
and Crone (Reference 2.5.1-258) compilation map, is shown in more detail on Figure 2.5.1-
216 (Sheet 1): the text will clarify that the general locations of the Onslow and Albemarle
blocks to lie to the south and north of it, respectively.

f) A discussion of Charleston liquefaction features, citing appropriate references from the
published literature was previously included in Section 2.5.1.1.4.3 as part of a discussion of
the Charleston seismic source. This discussion of Charleston liquefaction features will be
moved in a future revision to a new subsection (Section 2.5.1.4.2.5.3.1) that will summarize
paleoliquefaction studies in the HAR site region, including the Central Virginia seismic zone
region, the Charleston region, and the reconnaissance investigations conducted by Amick et
al. (Reference 2.5.1-270) along the Atlantic seaboard from South Carolina to Maryland.

Associated HAR COL Application Revisions:

The following changes will be made to HAR FSAR Chapter 2 in a future amendment:

1. FSAR Sections 2.5.1.1.4.2.4 and 2.5.1.1.4.2.5 will be revised from:

2.5.1.1.4.2.4 "Cenozoic Tectonic Structures

Regional studies have identified broad areas of uplift and subsidence that have influenced
Cenozoic sedimentation, providing evidence of regional tectonism (Reference 2.5.1-242,
Reference 2.5.1-255). The uplift, tilting, and subsidence were manifested as arches,
embayments, and troughs, which then were modified further by sediment loading
(Reference 2.5.1-242). The most significant example of regional Cenozoic tectonism in the
Carolinas is the Cape Fear arch, a feature along the North Carolina-South Carolina border
that has affected the thickness and distribution of strata ranging in age from Late
Cretaceous to late Tertiary (Reference 2.5.1-242). North of this feature the North Carolina
Coastal Plain consists of two blocks, the Onslow block and, farther north, the Albermarle
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block, which are separated by the northwest-southeast-trending Neuse hinge, a tectonic
feature that also has persisted since the Mesozoic (Reference 2.5.1-255). This tectonic
feature has affected the spatial distribution of Paleogene and perhaps Neogene sediments
(Reference 2.5.1-255).

Many investigators have recognized and documented post-rift faulting of Cretaceous and
Cenozoic ages in the Atlantic Coastal Plain (Figure 2.5.1-213). Most of the faults, which
have displacements as great as hundreds of feet, trend roughly parallel to the regional fabric
of Precambrian and Paleozoic crystalline rocks (Reference 2.5.1-242). Most recent
movement on many of these faults has been reverse motion due to the compressive stress
regime of the southeastern United States (Reference 2.5.1-242) (see
Subsection 2.5.1.1.4.1). Slip rates on these faults vary locally from 0.3 to 1.5 m (1 to 5 ft.)
per m.y., but during the past 110 m.y. have been relatively uniform at approximately 0.5 m
(1.6 ft.) per m.y. (Reference 2.5.1-242). Of the 33 Cretaceous and post-Cretaceous faults
identified within the site region by Prowell and Parker, 25 lie within 161 km (100 mi.) of the
site (Figure 2.5.1-213), and 5 are within the site vicinity (40-km [25-mi.] radius)
(Reference 2.5.1-256, Reference 2.5.1-228). Table 2.5.1-201 summarizes the ages of and
evidence for recent movement on Cretaceous and post-Cretaceous faults within 320 km
(200 mi.) of the site. With the exception of the Grainger's fault zone, the Cretaceous and
Cenozoic faults identified by Prowell and Parker are not associated directly with major
known faults or fault zones (Figure 2.5.1-213) (Reference 2.5.1-256, Reference 2.5.1-228).
Although faults are depicted by Prowell as lines approximately 20 km (12 mi.) in length on a
regional map, the faults were observed at point localities and almost none could be traced
laterally (Reference 2.5.1-256). Additionally, the latitude and longitude of fault localities have
been rounded so that these locations do not match the description of where the faults were
observed. Therefore, to portray the faults relative to other structures, the faults on
Figure 2.5.1-213 are shown as points based on the description of the location where the
fault was observed (e.g., "West side of Norfolk and Southern Railroad about 1080 ft north of
County Rt. 2724, about 0.3 mi. northeast of Banks, N.C.") (Reference 2.5.1-256). Faults that
lie within the site vicinity (40-km [25-mi.] radius) are described further in
Subsection 2.5.1.2.4.

Faulting along Grainger's wrench zone in the Atlantic Coastal Plain of eastern North
Carolina has been studied by McLaurin and Harris (Figure 2.5.1-213) (Reference 2.5.1-257).
The history of motion on this northeast-southwest-trending fault system has been
reconstructed using stratigraphic information. The most recently active faults, which
developed during the Paleocene, overprint Late Cretaceous and early Paleocene east-west
fault trends. Stratigraphic relationships indicate that fault activity progressed toward the
southwest in the Paleocene. The combination of the younger northeast-southwest-trending
faults superimposed over the older east-west fault geometry has resulted in the Grainger's
basin area being broken into a series of fault blocks. McLaurin and Harris suggest that the
large-scale control on fault development may have been changes in the direction of
movement of the North American plate in the Cenozoic post-rift period
(Reference 2.5.1-257).

Post-Paleocene fault activity in the Grainger's wrench zone is down to the east with a minor
component of strike-slip. Preservation of topographic features along the zone, including a
fault-line scarp and triangular facets, led to the suggestion that the faults have continued to
be active into the Holocene (Reference 2.5.1-257). No direct evidence of Quaternary fault
activity has been reported, however. The faulting was not included in either the Crone and
Wheeler, or Wheeler, compilations of known or suggested Quaternary tectonic faulting in the
CEUS (Reference 2.5.1-258, Reference 2.5.1-259).
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2.5.1.1.4.2.5 Quaternary Tectonic Structures

The U.S. Geological Survey maintains a nationwide database on features that have known
or suggested Quaternary tectonic faulting. Geologic information on Quaternary faults, folds,
and earthquake-induced liquefaction in the eastern United States was compiled by Crone
and Wheeler (Reference 2.5.1-258). An update containing new assessments was published
by Wheeler (Reference 2.5.1-259). Tectonic features, described by Crone and Wheeler, and
Wheeler, within a 320-km (200-mi.) radius (the region) of the HAR site, are shown on
Figure 2.5.1-216 (Reference 2.5.1-258, Reference 2.5.1-259). The features within the site

region are categorized into three classes (Class A, B, or C)1 based on information about the
feature's Quaternary activity. Only three features within a 320-km (200-mi.) radius of the site
were identified as demonstrating convincing evidence of Quaternary activity (Class A): the
central Virginia seismic zone and the Charleston and Georgetown liquefaction features.
Only one feature, the Pembroke faults in Virginia, was identified as having possible
evidence of Quaternary deformation, although additional study is required to provide
confidence in this assessment (Class B). Features for which geologic evidence is insufficient
to demonstrate Quaternary deformation (Class C) are listed and shown on Figure 2.5.1-216.
Information on these features was reviewed for this study, but most of the features are not
considered significant for the seismic hazard assessment and therefore are not described in
this report. The known or suggested Quaternary tectonic features that may be significant for
the assessment of seismic hazard at the HAR site are described briefly in the following
subsections. More detailed discussion of the seismicity and evidence regarding the
magnitude and recurrence of earthquakes within the seismic zones is provided in
Subsection 2.5.1.1.4.2.6 and in Subsection 2.5.2.

2.5.1.1.4.2.5.1 Central Virginia Seismic Zone (Class A)

At closest distance, the Central Virginia seismic zone lies approximately 200 km (130 mi.)
north of the HAR site. The Central Virginia seismic zone is a roughly circular area that has a
diameter of approximately 120 - 145 km (75 - 90 mi.) and contains a low level of seismicity
(Reference 2.5.1-258). The geologic evidence for Quaternary faulting consists of two sites at
which probable small Holocene sand dikes are interpreted to be paleoliquefaction features.
The faults that generated the earthquakes that caused these paleoliquefaction features have
not been identified.

About three-quarters of the earthquakes in this zone have occurred in the upper 11 km
(7 mi.) of crust. Although hypocenters of micro-earthquakes plot within an upper crustal
complex of thrust sheets, the location uncertainties for both the earthquakes and individual
faults are large enough that no association can be postulated confidently. The largest
historical earthquake in the zone occurred in 1875 near the center of the zone; the intensity
was MMI VII with an estimated moment magnitude (M) 4.8. Neither surface rupture nor
liquefaction was reported from the 1875 event. (Reference 2.5.1-258)

1 Crone and Wheeler (Reference 2.5.1-258) define Class A features as those for which geologic
evidence demonstrates the existence of a Quaternary fault of tectonic origin. Class B features are those
for which the fault may not extend deeply enough to be a potential source of significant earthquakes, or
for which the currently available geologic evidence is not definitive enough to assign the feature to Class
C or to Class A. Class C features are those for which geologic evidence is insufficient to demonstrate the
existence of a tectonic fault, Quaternary slip, or deformation associated with the feature.
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Wieczorek et al. identify a lineament in LIDAR imagery in the Shenandoah Valley of Central
Virginia that may be tectonic in origin (Reference 2.5.1-260). The
northwest-southeast-trending lineament extends for at least 6 km (3.75 mi.) across Tertiary
and Quaternary alluvium that overlies Paleozoic formations. Wieczorek et al. interpret
sheared saprolite in Paleozoic bedrock at one location to represent a possible fault (referred
to as the Harriston fault) (Reference 2.5.1-260). The linear patterns in the LIDAR image
suggest a compressional stepover in a left-lateral strike-slip fault system. The possible fault
may be of Paleozoic or Mesozoic age. Its surface trace may be the result of subsidence
caused by groundwater circulating along the fault in the underlying karst. Alternatively, the
fault could be much younger; the topographic expression in the alluvium may be the result of
Pleistocene or younger movement. The northwest orientation and steep dip of the fault are
consistent with focal mechanisms of monitored earthquakes deeper than 8 km (5 mi.) in the
central Virginia seismic zone. Preliminary trenching investigations to evaluate the postulated
fault yielded equivocal results regarding evidence for recent fault movement.

2.5.1.1.4.2.5.2 Charleston Liquefaction Features (Class A)

During the 1886 Charleston earthquake (intensity MMI X and M 7.3), eyewitnesses in
central coastal South Carolina reported widespread liquefaction. In the same region are
middle to late Holocene craters, sand blows, and sand fissures produced by large
prehistoric earthquakes. A chronology of eight large, liquefying earthquakes has been
developed for the region, occurring from A.D. 1886 to 5.8 thousand years before present
(ka). The 1886 earthquake is known only from reports of damage, shaking, lateral
spreading, and liquefaction. (Reference 2.5.1-258) The causative fault or faults that
produced this event, as well as the prehistoric events known from locations and dates of
liquefaction, have not been identified (see Subsection 2.5.1.1.4.3). (Reference 2.5.1-258)

2.5.1.1.4.2.5.3 Georgetown Liquefaction Features (Class A)

Prehistoric liquefaction features are found near Georgetown, South Carolina, approximately
100 km (60 mi.) northeast of Charleston, South Carolina (Reference 2.5.1-258). These
features lie approximately 320 km (200 mi.) south of the HAR site. Although the zone in
which those features occurs adjoins or merges with the area of liquefaction that is attributed
to earthquakes near Charleston, the features near Georgetown are interpreted to be caused
by local earthquakes instead of by a distant earthquake source near Charleston. The
Georgetown liquefaction features are attributed to a single large, prehistoric earthquake.
The causative fault has not been identified. (Reference 2.5.1-258)

2.5.1.1.4.2.5.4 Pembroke Faults (Class B)

Faults in terrace deposits of probable Quaternary age have been mapped along the north
side of the New River Valley, between Pembroke and Pearisburg, Virginia approximately
240 km (150 mi.) from the HAR site (Reference 2.5.1-258). The faults overlie a steeply
dipping, tabular zone of hypocenters (see discussion of the Giles County, Virginia, seismic
zone in Subsection 2.5.1.1.4.2.6.1). The terrace deposits are underlain by folded and
thrust-faulted Ordovician carbonate rocks of the southern Appalachian Valley and Ridge
province. The faults were mapped in an excavation and have no topographic expression.
The five largest extensional faults have dip separations from 1.0 to at least 8.5 m (3 to at
least 28 ft.). These faults, which bound two grabens and a half-graben in or near the hinge
of an anticline, have a normal sense of slip with a component of strike-slip. The ages of the
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faults are constrained by the terrace deposits, which could be as old as latest Pliocene.
(Reference 2.5.1-258)

Law et al. interpret the faults to have formed by tectonic rather than surficial processes,
although it is stated that the features may be associated with either solution collapse or
landsliding (Reference 2.5.1-261). Crone and Wheeler rate the faults as Class B, because
the fault origin has not been determined (Reference 2.5.1-258)

2.5.1.1.4.2.5.5 Postulated East Coast Fault System (Class C)

A postulated north/northeast/south/southwest-trending buried fault system in the Coastal
Plain of the Carolinas and Virginia, named the East Coast fault system (ECFS) was
identified by Marple and Talwani (Figure 2.5.1-213) (Reference 2.5.1-243). Based on
geomorphic analyses of Coastal Plain rivers, three nearly collinear, approximately 200-km-
(125-mi.-) long segments (ECFS-S, ECFS-C, and ECFS-N) that were initially referred to as
the southern, central, and northern zones of river anomalies (ZRA-S, ZRA-C, and ZRA-N)
were differentiated (Figure 2.5.1-217). The southern segment is located primarily in South
Carolina, the central segment is located primarily in North Carolina and is located
approximately 55 km (35 mi.) from the HAR site, and the northern segment extends from
northeastern North Carolina through Virginia (Figure 2.5.1-213). Identification of the
postulated fault system is based on the alignment of geomorphic changes along streams,
areas of uplift, and local evidence of faulting. Marple and Talwani concluded that the ZRAs
were produced by gentle late Quaternary uplift along an approximately 600-km (370-mi.)
long-buried fault system and that because most of the river anomalies occur in
unconsolidated floodplain sediments of upper Pleistocene (< 130 ka) or younger age,
deformation occurred during this period and may be ongoing (Reference 2.5.1-243).

Marple and Talwani initially identified and proposed the southern segment, located in South
Carolina, as a possible source of the 1886 Charleston earthquake (Reference 2.5.1-262). At
its southern end, this segment is associated with microseismicity, a linear aeromagnetic
anomaly, and buried faults interpreted from seismic reflection data (Reference 2.5.1-243).
The postulated ECFS-S segment is considered to be a possible source of repeated
large-magnitude earthquakes in the Charleston region, as outlined in Subsection 2.5.2.
Wheeler evaluated the evidence for the East Coast fault system, noting that the southern
segment is surrounded by sites at which prehistoric paleoliquefaction features document the
occurrence of large earthquakes (see the descriptions of the Charleston and Georgetown
liquefaction features, previously, and the discussion in Subsection 2.5.1.1.4.3)
(Reference 2.5.1-259). Wheeler states that the evidence for recent uplift and possible buried
faulting along the southern segment of the fault system is good; however, there is no
demonstration of sudden uplift anywhere along the fault system (Reference 2.5.1-259). The
1886 and prehistoric liquefying earthquakes in South Carolina demonstrate the occurrence
of repeated Quaternary tectonic faulting, but the link between those events and the
postulated East Coast fault system remains speculative. Accordingly, the postulated East
Coast fault system is assigned to Class C. (Reference 2.5.1-259) The existence and
evidence for activity for the postulated ECFS-S segment is judged to be low to moderate
based on a recent evaluation of that segment as part of studies to support the Southern
Nuclear Company Advanced Light Water Reactor (ALWR) Early Site Permit (ESP) (see
discussion in Subsection 2.5.1.1.4.3) (Reference 2.5.1-263). The evaluation for the Vogtle
ESP (Rev. 2) judged the ECFS-S to have a relatively low likelihood of producing
Charleston-type earthquakes (Reference 2.5.1-264).
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Marple and Talwani extended the ZRA-S northward into North Carolina citing studies by
Markewich and Soller that interpreted an approximately 95 km (60 mi.) long
north-northeast-trending buried fault or flexure based on evidence from fluvial
geomorphology, soil profiles, and surface fault exposures (Reference 2.5.1-243,
Reference 2.5.1-265, Reference 2.5.1-266). Marple and Talwani extended this zone and
referred to it as the central segment of the postulated ECFS (Reference 2.5.1-243). A
possible tectonic origin was inferred based on the following lines of evidence: uplift and
cross-valley tilt of river terraces along the Cape Fear River; increase in channel sinuosity
downstream on several rivers; incision through Pleistocene floodplain deposits; alignment of
river anomalies; coincidence with buried faults; alignment with magnetic anomalies; and
evidence of brittle faulting. Postulated geomorphic anomalies used to support their
hypothesis are listed in Table 2.5.1-202. Some of these features can be explained by
credible nontectonic mechanisms or factors as noted in the table notes and the following
discussions.

Although many of these observations are consistent with lithospheric flexure
(i.e., long-wavelength bending or warping of the lithosphere), these observations do not
clearly demonstrate the presence of an active regional-scale, crustal fault that is localizing
seismicity in the present tectonic regime. For example, based on mapping and longitudinal
profiles on terraces estimated to range in age from 2.75 to 0.1 Ma, Soller interprets that the
locus and intensity of local tectonism in the vicinity of the Cape Fear River has varied with
time. (Reference 2.5.1-266) Soller concludes that since at least 750 ka, the valley northwest
of Elizabethtown near the Piedmont has been uplifted while subsidence is likely for the
river's lower course (Reference 2.5.1-266). An inflection point southeast of Elizabethtown
may mark the boundary between these two regimes and a simple tilting of the Coastal Plain
along the valley length, up from the direction of the Piedmont, could account for changes in
uplift rate measured along the river on terraces of differing ages. A small scale flexure,
related to larger scale tectonism on the Cape Fear arch, can explain the pattern of uplift
(Figure 2.5.1-218). Additionally, an apparent bulge in basement structure contours that is
subparallel to and superimposed on the broad outline of the Cape Fear arch may represent
a localized flexure that accounts for the uplift patterns (Figure 2.5.1-218).
(Reference 2.5.1-266) This feature does not coincide with or subparallel the postulated
ECFS-C as interpreted by Marple and Talwani (Reference 2.5.1-243). Geodynamic models,
as described by Pazzaglia that simulate flexural deformation along the U.S. Atlantic margin
in response to erosion in the Appalachian Mountains and sediment loading in the offshore
regions, also could explain in part the possible broad zone of flexure or localized uplift
described by Markewich (Reference 2.5.1-267, Reference 2.5.1-265). Pazzaglia describes a
similar broad, flexural warp, centered across the Fall Zone, between the upwarped central
Appalachians and subsided Salisbury Embayment in the region to the north of the Norfolk
arch (Reference 2.5.1-267). Smaller tectonic features, such as the small displacement
Cretaceous and Cenozoic faults and possible seismicity, may coincide with this zone of
flexture, which coincides with a more prominent, well-defined Fall Zone in the vicinity of the
Susquahanna River (Reference 2.5.1-267). However, the complex interaction between the
regional and flexural stress field and their relationship to pre-existing faults is poorly
constrained (Reference 2.5.1-267).

In addition to the river anomalies, Marple and Talwani report coincidences with buried faults,
magnetic anomalies, and surface faults in Cretaceous and post-Cretaceous sediments as
evidence for the existence and activity of the postulated ECFS-C (Reference 2.5.1-243). It is
noted that the northern end of the postulated ECFS-C (near Bailey, North Carolina)
coincides with a 7-km- (4-mi.-) long west-side-up fault or flexure in the Piedmont basement
rocks beneath 6 - 12 m (20 - 40 ft.) of sediments, and with a 40-km- (25-mi.-) long linear
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magnetic high between Smithfield and the Tar River; the relief across the inferred structure
is -7 m (-23 ft.) (Reference 2.5.1-243). However, Hoffman and Carpenter, cited as the
original source of the evidence for a fault or flexure in basement, describe the feature as
terracing of the basement surface and observe that younger terraces generally overlie the
two terraces developed in the crystalline basement surface (Reference 2.5.1-268). It is
noted that the terraces are separated by escarpments and, in places such as where a
possible intermediate terrace is absent, the escarpments locally merge
(Reference 2.5.1-268). The feature that Marple and Talwani describe as a fault or flexure in
basement appears to coincide with such a merged escarpment, and it is likely that the
feature is related to shoreline erosion rather than faulting. Hoffman and Carpenter correlate
this scarp with the Orangeburg scarp, and view it as a feature developed during the early
Pliocene transgressive-regressive event (Reference 2.5.1-268).

Additionally, six faults exposed in roadcuts (faults 46, 48, 52, 53, 55, and 56 of Prowell)
(Table 2.5.1-201) are reported to offset Pliocene-Pleistocene sediments less than a few
meters (tens of feet) thick along the postulated ECFS-C north of Smithfield
(Reference 2.5.1-256). These faults trend slightly more north than the postulated ECFS-C,
as noted by Marple and Talwani (Reference 2.5.1-243). These faults also are not localized
along the ECFS-C, but rather are distributed across an approximately 50-km- (35-mi.-) wide
zone at the boundary between the upper Coastal Plain and the Piedmont physiographic
provinces (Figures 2.5.1-213 and 2.5.1-219). More recent studies indicate that there is not
strong evidence for the age of faulting. The postulated ECFS-C segment is not coincident
with any regional scale basement fault as inferred from subsurface borings and
interpretation of geophysical (magnetic) data (Reference 2.5.1-251, Figure 2.5.1-213).
Stream profiles developed for this study based on new and more detailed topographic data
from a LIDAR survey show no consistent vertical anomalies in the modern drainage where
the postulated ECFS-C crosses the profiles (see Figures 2.5.1-219 and 2.5.1-220 and
discussion in Subsection 2.5.1.1.4.2.5.6) (Reference 2.5.1-269). An apparent vertical
down-to-the-southeast step is apparent along the Cape Fear River channel, but is not
observed in the Lumber River profile to the south. Aerial reconnaissance conducted for this
study also did not reveal any significant geomorphic changes along the central segment of
the postulated ECFS.

Marple and Talwani infer uplift rates along the entire postulated ECFS from upwarped
floodplains and terraces (Reference 2.5.1-243). These generally range from 0.02 to 0.3
millimeter per year (mm/yr) (0.0008 to 0.01 inch per year [in/yr]); faster uplift rates of 0.14 to
1.8 mm/yr (0.006 to 0.07 in/yr) and 0.05 to 0.65 mm/yr (0.002 to 0.026 in/yr) are inferred for
the central segment based on the amounts of incision along the Cape Fear River (18 m
[59 ft.] in 10 - 130 ka) and warping of a terrace surface (6.5 m [21 ft.] in 10 - 130 ka),
respectively. The basis for concluding that the incision and warping all occurred during
Holocene time, which leads to the higher values, is not provided by Marple and Talwani, and
it does not seem warranted based on review of the data. Soller suggests that uplift along the
Cape Fear River increases gradually from 32 km (20 mi.) downstream to 32 km (20 mi.)
upstream from Elizabethtown (Reference 2.5.1-266). Marple and Talwani state that the uplift
rate of -0.64 mm/yr (-0.025 in/yr) along the Wando terrace (120- 70 ka) measured
downstream of the postulated ECFS-C is probably low because the location is downstream
from the area of greatest incision (Reference 2.5.1-243). Assuming that the maximum
incision observed upstream from this area (18 m [59 ft.]) is due to uplift on the postulated
ECFS-C as defined by Marple and Talwani, a better estimate of the long-term slip rate
across this structure would be to subtract the estimated uplift rate downstream (-0.06 mm/yr
[-0.002 in/yr]) from the post-Wando incision rate (18 m [59 ft.] per 70 to 130 ka = 0.26 to
0.14 mm/yr [0.01 to 0.006 in/yr]) measured where the postulated ECFS-C is assumed to
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cross the Cape Fear River. This would suggest a maximum slip rate of 0.08 to 0.2 mm/yr
.(0.003 to 0.008 in/yr) for the postulated ECFS-C. Lower slip rates are suggested by the

6.5 m (21.3 ft.) and 2 m (6.6 ft.) of warping of the 70 - 130 ka terrace across the South River
(of 0.05 to 0.065 mm/yr [0.002 to 0.0026 in/yr]) and Little Pee Dee (i.e., 0.02 mm/yr [0.0008
in/yr]), respectively (Reference 2.5.1-243). There is no direct geologic evidence to suggest
that large-magnitude earthquakes have occurred along the postulated ECFS-C segment.

Except for paleoliquefaction sites observed in beach and near-shore marine deposits at the
South Carolina/North Carolina border, no evidence for paleoliquefaction was observed
during regional reconnaissance investigations conducted by Amick et al.
(Reference 2.5.1-270). No paleoliquefaction features were reported by Owens, Soller, or
Markewich, who conducted detailed mapping of Quaternary terraces along the Cape Fear
River (Reference 2.5.1-271, Reference 2.5.1-266, Reference 2.5.1-265).

More detailed review and analysis of the geologic, seismologic, and geomorphic evidence
presented by Marple and Talwani to support the existence of the northern segment of the
ECFS-N was performed as part of the Dominion Nuclear North Anna, LLC (Dominion), North
Anna Early Site Permit Application (Reference 2.5.1-243, Reference 2.5.1-272). According
to NUREG-1835, Nuclear Regulatory Commission staff agreed with Dominion's conclusion
that most of the geologic data cited by Marple and Talwani in support of their postulated
ECFS did not apply to the postulated ECFS-N, and that there is little evidence for the
existence of or recent activity on the northern segment.

The central and northern segments of the postulated ECFS were not included as
Quaternary active faults in the 2002 USGS hazard model; in recent studies by Crone and
Wheeler, and Wheeler; or in models for the Trial Implementation Program (TIP), which
characterized seismic sources for two nuclear power plants in the southeastern United
States (Reference 2.5.1-258, Reference 2.5.1-259, Reference 2.5.1-272). The implication
that the southern segment may be the source of the 1886 Charleston earthquake suggests
that the central and northern segments may produce earthquakes of similar size
(Reference 2.5.1-243). Despite lack of evidence for the northern segment, a sensitivity
analysis was performed to evaluate the potential contribution to the hazard at the North
Anna site (Reference 2.5.1-272). The observations and lines of evidence presented by
Marple and Talwani do not provide convincing arguments in support of a buried
north-northeast-trending strike-slip fault (the postulated ECFS-C) through the North Carolina
Coastal Plain region (Reference 2.5.1-243). Geomorphic analyses and aerial
reconnaissance of the postulated ECFS-C performed in this study suggest that the
postulated ECFS-C may not exist, or has very low probability of activity if it does exist.

2.5.1.1.4.2.5.6 Fall Lines of Weems (Class C)

Weems examined longitudinal profiles of large drainages that generally flow northwest to
southeast across the Piedmont and Blue Ridge provinces in North Carolina, Virginia, and
southeastern Tennessee. Weems identified and named seven fall lines, or short stream
segments, that have anomalously steep gradients and typically contain rapids or waterfalls.
The fall lines generally trend northeastward, parallel to the regional structural grain, and
merge together toward the northeast. Warping of the late Pliocene fluvial terraces
associated with the fall zones suggests probable formation within the past 2 m.y. Although
evidence is minimal, Weems proposes that the available evidence favors neotectonic control
of the fall lines, perhaps by intermittent faulting (Figure 2.5.1-216). The Durham and
Nutbush fall lines are located within the site vicinity and are defined based on steps in
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topography and changes in gradient along stream profiles (Figure 2.5.1-219).
(Reference 2.5.1-273)

Based on more detailed evaluation of the fall lines that was conducted as part of the North
Anna Early Site Permit Application, Dominion presented observations and analyses to
support the conclusion that the seven fall lines defined by Weems do not represent a
capable tectonic source (Reference 2.5.1-274). The observations and conclusions include
the following:

* The features are not defined by formal, consistently applied criteria, and thus are not
as well defined and laterally continuous as depicted.

* In some cases, various features were electively correlated to form a laterally
continuous fall line, while in other cases similar features were not correlated.

* Differential erosion due to variable bedrock hardness is a more viable and plausible
explanation than Quaternary tectonism.

* There is no complementary geomorphic expression of tectonism, such as tectonic
escarpments, along the trend of the fall lines between drainages, where it would be
expected that such features would be better preserved.

Based on these arguments and detailed geomorphic analyses of the two fall lines within the
North Anna ESP site vicinity (the Tidewater and Central Piedmont fall lines), NRC staff
concurred with Dominion's interpretation that differential erosion is a more plausible
explanation, as detailed in NUREG-1835. Additionally, Wheeler states that the identification
of the fall zones is subjective and the criteria for recognizing them are not stated clearly
enough to make the results reproducible (Reference 2.5.1-259). Accordingly, it was
concluded that tectonic faulting is not demonstrated, and fall lines are assigned to Class C
(Reference 2.5.1-259).

Comparison of the fall lines with recent geologic mapping, and more detailed topographic
data based on LIDAR, suggests that although in places the fall lines coincide with or cross
tectonic features, these features are not as well defined or continuous as suggested by
Weems (Figures 2.5.1-219 and 2.5.1-220) (Reference 2.5.1-208, Reference 2.5.1-275,
Reference 2.5.1-269, Reference 2.5.1-273). Thirteen stream profiles (Lower Little River,
Crane Creek, Upper Little River, Rocky River, Haw and Cape Fear rivers, Mill Creek, Neuse
River, Swift Creek and Neuse River, Buffalo Creek, Little River, Mocassin/Contentrea Creek,
Tar River, and Toisnot Swamp) were created based on stream locations from the North
Carolina Center for Geographic Information and Analysis (NCCGIA) and LIDAR data to
evaluate stream changes across the fall lines and other faults present within the area
(Reference 2.5.1-276, Reference 2.5.1-269). Northeast of the Cape Fear and Haw rivers,
the Durham Fall Line (DFL) coincides with the western margin of the Triassic basin
(Figure 2.5.1-219). The most pronounced step in the Durham fall line is where it crosses the
western margin of the Deep River basin at the Haw River, which also correlates with a zone
of mapped faults (Figure 2.5.1-219) and with lithologic changes across the western basin
margin, going from harder igneous and metamorphic rocks to softer Triassic sediments.
Weems now shows the DFL following the western border of the Triassic basin in the site
vicinity, rather than cutting across the basin at the south end of Jordan Lake
(Figure 2.5.1-219). Weems shows sharp changes in stream gradient along the DFL at the
Tar, Neuse, and Cape Fear rivers (Reference 2.5.1-273). Based on stream profiles derived
from LIDAR data, near its northern end where it crosses the Neuse and Tar rivers, the DFL
is marked by changes in stream gradient; near the southern end of the DFL where it crosses
the Little River and Crane Creek, it is much less defined and is marked by negligible
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changes in stream gradient (Figure 2.5.1-220). The Nutbush Fall Line (NFL) is located
approximately 11.3 km (7 mi.) east of the Jonesboro fault and coincides with a Paleozoic
mylonite shear zone (Figure 2.5.1-219). A reverse fault in terrace gravels interpreted to be
Pliocene-Pleistocene in age was observed by Parker along the general trend of this shear
zone, but is no longer visible due to grading and vegetative cover (Reference 2.5.1-228).
Weems shows the NFL marked by down-east topographic steps on the Dan, Tar, Neuse,
Nottoway, and Cape Fear rivers; however, analysis of stream profiles based on recent
LIDAR data for the Neuse, Cape Fear, and Upper Little rivers does not indicate such steps
(Figure 2.5.1-220) (Reference 2.5.1-273).

Similar to observations presented above by the North Anna Early Site Permit Application,
Dominion Nuclear North Anna, analysis of the two fall lines within the site vicinity suggests
that where the fall lines do coincide with changes in stream gradient, the changes are more
likely the result of differential erosion (Reference 2.5.1-274). Additionally, although the fall
lines correspond with stream gradient changes in places, new topographic data indicate that
in many cases there are no marked changes where the fall lines cross the streams, and
changes in stream gradient of similar magnitude to the fall lines also exist where no fall lines
are mapped (Figure 2.5.1-220).

2.5.1.1.4.2.6 Seismic Zones

Relatively high rates of low- to moderate-magnitude earthquakes are recognized in two
regions of the Valley and Ridge province of the southern Appalachians. These areas are
referred to as the Giles County, Virginia, and the Eastern Tennessee seismic zones. These
two seismic zones were identified by several EPRI-SOG teams as distinct seismic source
zones. Detailed studies of seismicity and field data conducted since completion of the
EPRI-SOG study provide new information regarding the characterization of these zones
(Reference 2.5.1-203).

2.5.1.1.4.2.6.1 Giles County, Virginia, Seismic Zone (Class C)

The Giles County seismic zone, located in southwestern Virginia adjacent to West Virginia,
straddles the northwest-flowing New River (Reference 2.5.1-259, Figure 2.5.1-216).
Earthquake foci define a tabular zone that strikes north 44 degrees east and has a
near-vertical dip within Precambrian basement beneath Appalachian thrust sheets
(Reference 2.5.1-245). This zone of seismicity, referred to as the Giles County, Virginia,
seismic zone (GCVSZ), is approximately 40 km (25 mi.) long, 10 km (6 mi.) wide, and from 5
to 26 km (3 to 16 mi.) deep (Reference 2.5.1-245). The largest known earthquake in
Virginia, the 1897 Giles County earthquake (MMI VIII, M 5.9), is inferred to have occurred
within the GCVSZ near the Virginia-West Virginia border (Reference 2.5.1-245,
Reference 2.5.1-259).

The GCVSZ probably is a result of compressional reactivation of a Late Proterozoic or early
Paleozoic lapetan normal fault or fault zone. Fault reactivation by late Paleozoic
compression and Mesozoic extension is also possible. (Reference 2.5.1-245) The strike of
the seismic zone is subparallel to the surface and near-surface structures of the central
Appalachians, and is at an angle of about 30 degrees to the thrust-faulted tectonic fabric.
The hypocentral depths of the seismicity, which are below the deepest likely thrust fault,
suggest that there is no simple relationship to surface geology (Reference 2.5.1-245).

There is no recognized geomorphic expression of the GCVSZ and no geologic evidence to
demonstrate Quaternary surface deformation caused by tectonic faulting within the seismic
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zone. Accordingly, Wheeler assigns the GCVSZ to Class C (Reference 2.5.1-259).
Nonetheless, the occurrence of a significant historical earthquake and of continuing smaller
earthquakes in the seismic zone indicates tectonic activity in the area
(Reference 2.5.1-259).

The Pembroke faults, a zone of small late Pliocene to early Quaternary faults, have been
identified in southwestern Virginia in the area of the GCVSZ (see discussion of the
Pembroke faults in Subsection 2.5.1.1.4.2.5.4). The location and relative displacement of
these faults is consistent with the orientation of the GCVSZ and with estimates of principal
stress from focal-mechanism studies (Reference 2.5.1-277). The faults could be tectonic in
origin or related to underlying solution collapses or slumps. Crone and Wheeler rate the
faults as Class B because fault origin has not been determined (Reference 2.5.1-258).
Therefore, definitive evidence is lacking for a capable tectonic source and for the recurrence
of large earthquakes similar to or larger than the 1897 Giles County earthquake.

2.5.1.1.4.2.6.2 Eastern Tennessee Seismic Zone (Class C)

The East Tennessee seismic zone (ETSZ) is a well-defined, northeasterly trending belt of
seismicity, approximately 300 km (185 mi.) long by up to about 100 km (60 mi.) wide, that
lies principally within the Valley and Ridge physiographic province of eastern Tennessee
and adjacent parts of North Carolina (Reference 2.5.1-259, Reference 2.5.1-278,
Figure 2.5.1-216). This area is one of the most active seismic regions in eastern North
America (Reference 2.5.1-278). The largest recorded earthquakes in this zone are the 1973
(mb 4.7) Maryville, Tennessee, earthquake and the April 2003 M 4.6 Fort Payne earthquake
that occurred in northeastern Alabama near the Georgia border (Reference 2.5.1-279,
Reference 2.5.1-280).

Focal depths of most earthquakes in the ETSZ range from 5 to 23 km (3 to 14 mi.) beneath
detached Alleghanian thrust sheets (Reference 2.5.1-281, Reference 2.5.1-278). Focal
mechanisms indicate strike-slip faulting on steeply dipping planes and a uniform regional
stress field in which horizontal maximum compression trends north 70 degrees east
(Reference 2.5.1-278). Chapman et al. note that the seismicity is not distributed uniformly;
instead, epicenters form northeasterly trending en-echelon segments (Reference 2.5.1-278).
One interpretation is that the linear segments and the locations of their terminations may
reflect the basement fault structure that is being reactivated in the current stress regime
(Reference 2.5.1-278). More recent analyses, using the spatial distribution of relocated
earthquake hypocenters combined with focal mechanism solutions, provides additional
insights into fault orientation in the ETSZ (Reference 2.5.1-282). These data suggest that
the orientation of a diffuse west-striking, north-dipping zone of hypocenters within the
central, most seismically active part of the ETSZ is consistent with reflective, mid- to
upper-crust structures having apparent dips of approximately 35 degrees to the north.
Relocation of a smaller cluster of earthquakes nearer the Tennessee-North Carolina border
suggests possible reactivation of a steeply dipping, northwest-southeast-trending fault in the
basement in that area.

The association of seismicity with regional structures in the ETSZ is reviewed by Wheeler
(Reference 2.5.1-259). Most earthquakes occurred in crystalline basement rocks buried
beneath the exposed thrust sheets of Paleozoic rocks. The structures associated with the
earthquakes, therefore, have no clear relationship to structures in the thrust sheets or
exposed geology. In this respect, the ETSZ is similar to the GCVSZ, described previously.
The faults on which ETSZ earthquakes have occurred may have formed during the late
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Precambrian or Cambrian rifting that led to the formation of the lapetan Ocean.
(Reference 2.5.1-259)

The majority of the seismic events associated with the ETSZ occur on the Ocoee block,
between the Ocoee, Clingman, and New York - Alabama lineaments (Figure 2.5.1-213),
which are formed by deep-seated basement structures (Reference 2.5.1-283).

The western margin of the ETSZ is sharply defined, coinciding with a prominent gradient in
the total intensity magnetic field, which corresponds to the New York - Alabama lineament
(Reference 2.5.1-278). Alternative structural models have been postulated to explain the
association of seismicity with the magnetic gradient. Powell et al. propose that the ETSZ is
an evolving seismic zone in which slip on north- and east-striking surfaces is slowly
coalescing into a northeast-southwest-trending zone (Reference 2.5.1-284). It is suggested
that the ETSZ represents seismic activity that results from the regional stress field and is
coalescing near the juncture between a relatively weak seismogenic block and the relatively
strong crust to the northwest, which may be strengthened by the presence of mafic rocks
associated with an inferred Proterozoic rift. (Reference 2.5.1-284) Powell et al. note that the
densest seismicity and the largest of the instrumentally located epicenters in the ETSZ
generally lie close to and east of an aeromagnetic lineament on the western margin of the
seismic zone (Reference 2.5.1-284). It is postulated that deformation within the ETSZ
eventually may evolve into a thoroughgoing, strike-slip fault in eastern Tennessee.
(Reference 2.5.1-284) Strike-slip motion would be consistent with both the sharp, apparently
near-vertical nature of the boundary, as inferred from the aeromagnetic signature, and the
orientation of the boundary in the contemporary stress field.

An alternative model to explain the localities of seismicity in the eastern Tennessee region is
given by Long and Kaufmann (Reference 2.5.1-285). Based on an analysis of the velocity
structure of the region, Long and Kaufmann conclude that the seismically active areas
apparently are not constrained by crustal blocks as defined by the aeromagnetic lineament
(Reference 2.5.1-285). Rather, their locations are determined by low-velocity regions at
mid-crustal depths. The data may support the conjecture that intraplate earthquakes occur
in crust that may be weakened by anomalously high fluid pressures (Reference 2.5.1-285).

Detailed geologic studies focused on locating paleoseismic evidence of large-magnitude
prehistoric events have been conducted in limited areas only. Whisner et al. investigated a
300-square-kilometer (km2) (116-square-mile [mi. 2]) area within the most active part of the
ETSZ and found no concrete evidence of large prehistoric earthquakes
(Reference 2.5.1-286). It is noted, however, that two other sites warrant further study. At the
Gray fossil site in northeastern Tennessee, fractures and joints having little offset exist
throughout Miocene clay units. These features have orientations that are not inconsistent
with the late Tertiary to Holocene stress field. In addition, apparent dewatering features are
observed in the same region. Deformation is postulated to be related to either strong ground
motion or, more likely, sinkhole collapse. At a site in Tellico Plains, Tennessee, disturbed
and folded sediments recently were discovered in an older landslide or terrace deposit
beneath younger Tellico River alluvium. Deformation at this site may be the result of
soft-sediment deformation and liquefaction related to a prehistoric earthquake; or it could be
the result of dewatering and folding at the toe of a prehistoric landslide.
(Reference 2.5.1-286)

Despite observations of small to moderate earthquakes in the ETSZ, which demonstrate
Quaternary tectonic faulting, no surficial geologic evidence has yet demonstrated the
occurrence of large earthquakes within the seismic zone. Accordingly, Wheeler assigns the
ETSZ to Class C. Nonetheless, the occurrence of moderate historical earthquakes and of
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continuing smaller earthquakes in this seismic zone indicates tectonic activity in the area.

(Reference 2.5.1-259)"

To read:

2.5.1.1.4.2.4 Cenozoic Tectonic Structures

Arches and Embayments. Regional studies have identified broad areas of uplift and
subsidence that have influenced Cenozoic sedimentation. (Reference 2.5.1-242,
Reference 2.5.1-255). The uplift, tilting, and subsidence were manifested as arches,
embayments, and troughs, which then were modified further by sediment loading
(Reference 2.5.1-242). The basin and arch architecture of the U.S. Atlantic margin, likely
reflects strain associated with the application and removal of vertical loads in the form of
denuded landscapes, sedimentary basin deposition, or ice, that manifest as flexural isostatic
responses; this broad regional deformation is considered nontectonic in that it is not
localized specifically on preexisting faults .(Reference 2.5.1-267). In the Carolinas the Cape
Fear arch, a southeast-dipping basement high is a prominent feature along the North
Carolina-South Carolina border (Figure 2.5.1-213) that has affected the thickness and
distribution of strata ranging in age from Late Cretaceous to late Tertiary-
(Reference 2.5.1-242). Regional uplift on the arch has caused Cretaceous sediments to thin
on the axis and sediments to thicken on the flanks. This is evident in the geomorphic
differences between the Cape Fear River valley and the adjacent Pee Dee River to the
south. (Reference 2.5.1-209). The Pee Dee river valley lies far down the southern limb of
the Cape Fear Arch, and is dominated by finer sediment. Sustained uplift related to the
Cape Fear Arch to the north-northeast of the Cape Fear River valley has forced the river to
migrate southward over time. Five river terraces, ranging in age from 2.75 to 0.1 Ma, are
present on the northeast side of the Cape Fear River. The terraces are preserved only on
the northeast side of the river because the river is eroding its southwest bank. (Reference
2.5.1-266) From analysis of longitudinal terrace profiles in the Cape Fear River valley, it is
estimated that localized uplift rates on the Cape Fear arch since the late Pliocene have
ranged from 0.06 m (0.2 ft) to perhaps as much as 6 m/100,000 years (20 ft/100,000 years),
while a more regional uplift associated with the arch or Coastal Plain in general has been at
a rate of approximately 0.6m/100,000 years (2 ft/100,000 years) (Reference 2.5.1-209).
Based on biostratigraphic data from marine deposits associated with the Cape Fear Arch,
vertical crustal movements were compared with eustataic sea level changes, suggesting net
post-Miocene vertical uplift rates in the outer Coastal Plain of the Carolinas of 1 to 3 cm/
1000 years (0.4 to 1.2 in/1 000 years). Holocene tectonic movement of the arch has been
implied by leveling and survey data (Reference 2.5.1-266). Crone and Wheeler (Reference
2.5.1-258) classify the Cape Fear Arch as a Class C feature, based on lack of evidence for
Quaternary faulting.

North of the Cape Fear Arch, the North Carolina Coastal Plain consists of two blocks, the
Onslow block and, farther north, the Albermarle block, which are separated by the
northwest-southeast-trending Neuse hinge (Figure 2.5.1-213), a basement flexure zone
which borders the southern part of the Grainger's basin and has persisted since the
Mesozoic (Reference 2.5.1-255). The Neuse hinge separates the Onslow block to the south
and Albemarle block to the north, delineating the boundary between two crustal blocks that
have behaved differently throughout the Mesozoic and Cenozoic, and have at times uplifted
or subsided relative to each other. At the present time, the Albemarle block is down relative
to the Onslow block, creating the Albemarle embayment. (Reference 2.5.1-255) The Neuse
hinge has affected the spatial distribution of Paleogene and perhaps Neogene sediments
(Reference 2.5.1-255).
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The Neuse hinge is not included as a Quaternary structure by Crone and Wheeler
(Reference 2.5.1-258) or Wheeler (Reference 2.5.1-259). The Neuse hinge (also referred to
as the Neuse fault) was reviewed in detail as part of the HNP FSER (Reference RAI
02.05.01-09 01). Based on a literature review and discussions with local experts on the
geology of the Carolina Coastal Plain, it was noted that the postulated Neuse fault had been
mapped in several different locations, there is no seismicity associated with the proposed
fault, and there is no unequivocal evidence that the proposed fault exists or that there has
been any post-Cretaceous movement along its proposed alignment (Reference RAI
02.05.01-09 01).). The NRC staff concluded that there is no evidence to indicate that the
proposed fault exists, and even if it does exist, there is no evidence that it is a capable fault
and thus a hazard to the site (Reference RAI 02.05.01-09 01).). More recent interpretation of
basement structure beneath the Coastal Plain section by Lawrence and Hoffman
(Reference 2.5.1-251) does not show a fault coincident with the Neuse hinge.

Post-Cretaceous and Cenozoic Faults (Prowell [Reference 2.5.1-2561 compilation). Many
investigators have recognized and documented post-rift faulting of Cretaceous and
Cenozoic ages in the Atlantic Coastal Plain (Figure 2.5.1-213). Prowell
(Reference 2.5.1-256) compiled information and described evidence for possible
Cretaceous and Cenozoic faults in the eastern United States. Most of the faults, which have
displacements as great as hundreds of feet, trend roughly parallel to the regional fabric of
Precambrian and Paleozoic crystalline rocks (Reference 2.5.1-242). Most recent movement
on many of these faults has been reverse motion due to the compressive stress regime of
the southeastern United States (Reference 2.5.1-242) (see Subsection 2.5.1.1.4.1). Slip
rates on these faults vary locally from 0.3 to 1.5 m (1 to 5 ft.) per m.y., but during the past
110 m.y. have been relatively uniform at approximately 0.5 m (1.6 ft.) per m.y.
(Reference 2.5.1-242). Table 2.5.1-201 summarizes the ages of and evidence for recent
movement on possible Cretaceous and post-Cretaceous faults within 320 km (200 mi.) of
the site. Of the 33 Cretaceous and Cenozoic faults identified within the site region (32
localities in the Prowell compilation [Reference 2.5.1-256] and an additional locality
described by Parker [Reference 2.5.1-228], 25 lie within 161 km (100 mi.) of the site
(Figure 2.5.1-213), and 5 are within the site vicinity (40-km [25-mi.] radius). Although faults
are depicted by Prowell as lines approximately 20 km (12 mi.) in length on a regional map,
the faults were observed at point localities and almost none could be traced laterally
(Reference 2.5.1-256). Additionally, the latitude and longitude of fault localities have been
rounded so that these locations do not match the description of where the faults were
observed. Therefore, to portray the faults relative to other structures, the faults on
Figure 2.5.1-213 are shown as points based on the description of the location where the
fault was observed (e.g., "West side of Norfolk and Southern Railroad about 1080 ft north of
County Rt. 2724, about 0.3 mi. northeast of Banks, N.C.") (Reference 2.5.1-256). Faults that
lie within the site vicinity (40-km [25-mi.] radius) are described further in
Subsection 2.5.1.2.4.

Grainger's Wrench Zone. Post-Paleocene faulting along Grainger's wrench zone has been
studied by McLaurin and Harris (Figure 2.5.1-213) (Reference 2.5.1-257). The Grainger's
wrench fault is a reactivated structure that coincides with the western border of the
Grainger's structural basin, a northeast-southwest-oriented feature delineated on
aeromagnetic and gravity maps. The western border of the Grainger's basin appears to
coincide with an unnamed fault in crystalline basement rocks below the Coastal Plain
section as mapped by Lawrence and Hoffman (Reference 2.5.1-251). The history of motion
on this northeast-southwest-trending fault system and the intervening Grainger's basin has
been reconstructed using stratigraphic information. The most recently active faults, which
developed during the Paleocene, overprint Late Cretaceous and early Paleocene east-west
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fault trends. The combination of the younger northeast-southwest-trending faults
superimposed over the older east-west fault geometry has resulted in the Grainger's basin
area being broken into a series of fault blocks. McLaurin and Harris suggest that the
large-scale control on fault development may have been due to changes in the direction of
movement of the North American plate in the Cenozoic post-rift period
(Reference 2.5.1-257).

Post-Paleocene fault activity in the Grainger's wrench zone is interpreted to be down to the
east with a minor component of strike-slip. Preservation of topographic features along the
zone, including a fault-line scarp and triangular facets, led to the speculation that the faults
have continued to be active into the present (Reference 2.5.1-257). No direct evidence of
Quaternary fault activity has been reported, however. The faulting was not included in either
the Crone and Wheeler (Reference 2.5.1-258), or Wheeler (Reference 2.5.1-259)
compilations of known or suggested Quaternary tectonic faulting in the CEUS.

Tectonic Features in the Charleston 1886 Earthquake Epicentral Region. A number of
tectonic features near Charleston, South Carolina that are within 320 km (200 mi.) of the
HAR site have been postulated as possible sources of the Charleston 1886 earthquake.
These include the Adams Run fault, Ashley River fault, Charleston fault, Cooke fault, the
Sawmill Branch fault, the Summerville fault, Woodstock fault, and the southern segment of
the East Coast fault system (ECFS). A discussion of the faults in the meizoseismal region of
the Charleston earthquake is provided in Subsection 2.5.1.1.4.3 . The postulated ECFS is
described in Subsection 2.5.1.1.4.2.5.2.2.

2.5.1.1.4.2.5 Quaternary Tectonic Structures and Seismic Zones

The U.S. Geological Survey maintains a nationwide database on features that have known
or suggested Quaternary tectonic faulting. Geologic information on Quaternary faults, folds,
and earthquake-induced liquefaction in the eastern United States was compiled by Crone
and Wheeler (Reference 2.5.1-258). An update containing new assessments was published
by Wheeler (Reference 2.5.1-259). Tectonic features, described by Crone and Wheeler, and
Wheeler, within a 320-km (200-mi.) radius (the region) of the HAR site, are shown on
Figure 2.5.1-216 (Reference 2.5.1-258, Reference 2.5.1-259). The features within the site

region are categorized into three classes (Class A, B, or C)2 based on information about the
feature's Quaternary activity. Only three features within a 320-km (200-mi.) radius of the site
were identified as demonstrating convincing evidence of Quaternary activity (Class A): the
central Virginia seismic zone and the Charleston, Blufftown, and Georgetown liquefaction
features. Only one feature, the Pembroke faults in Virginia, was identified as having possible
evidence of Quaternary deformation, although additional study is required to provide
confidence in this assessment (Class B). Features for which geologic evidence is insufficient
to demonstrate Quaternary deformation (Class C) are listed and shown on Figure 2.5.1-216.
Information on these features was reviewed for this study, but distant features (e.g., the Mtn.
Run/Everona fault zone, the Lebanon Church fault, Old Hickory faults, Stanleytown-/villa

2. Crone and Wheeler (Reference 2.5.1-258) define Class A features as those for which geologic

evidence demonstrates the existence of a Quaternary fault of tectonic origin. Class B features are those
for which the fault may not extend deeply enough to be a potential source of significant earthquakes, or
for which the currently available geologic evidence is not definitive enough to assign the feature to Class
C or to Class A. Class C features are those for which geologic evidence is insufficient to demonstrate the
existence of a tectonic fault, Quaternary slip, or deformation associated with the feature.
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Heights faults,and Hopewell fault) are not considered significant for the seismic hazard
assessment and therefore are not described in this report.

The known or suggested Quaternary tectonic features that may be significant for the
assessment of seismic hazard at the HAR site are described in the following subsections:

" Subsection 2.5.1.1.4.2.5.1 describes distinct seismic source zones that were
previously recognized by the EPRI-SOG ESTs and that are also recognized in the
Quaternary tectonic features database (Reference 2.5.1-258). These include the
Charleston seismic zone (also referred to as the Middleton Place-Summerville
seismic zone) (Class A), the Central Virginia seismic zone (Class A), and two other
regions of the Valley and Ridge province of the southern Appalachians that exhibit
relatively high rates of low- to moderate-magnitude earthquakes (i.e.,Giles County
seismic zone [Class C] and Eastern Tennessee seismic zone [Class C]).

* Subsection 2.5.1.1.4.2.5.2 describes postulated neotectonic features that have been
evaluated as potential seismic sources. These postulated faults or neotectonic
features include: the Pembroke faults (Class B), East Coast fault system (Class C),
and Weems fall zones (Class C).

" Subsection 2.5.1.1.4.2.5.3 summarizes the results of paleoliquefaction studies that
have been conducted within the HAR site region.

2.5.1.1.4.2.5.1 Seismic Zones

Detailed studies of seismicity and field data conducted since completion of the EPRI-SOG
study (Reference 2.5.1-203) provide new information regarding the characterization of
seismic zones that were previously recognized and considered as seismic sources by the
EPRI-SOG ESTs. Additional discussion of the seismicity and evidence regarding the
magnitude and recurrence of earthquakes within the seismic zones based on the updated
earthquake catalog is provided in Subsection 2.5.2.

2.5.1.1.4.2.5.1.1 Middleton Place-Summerville seismic zone

The Middleton Place-Summerville seismic zone (MPSSZ) is an area of elevated
microseismic activity located approximately 20 km (13 mi.) northwest of Charleston
[Reference 2.5.1-304, Reference 2.5.1-305, Reference 2.5.1-306, Reference 2.5.1-290].
The MPSSZ lies approximately 300 km (190 mi.) south of the HAR site. Between 1980 and
1991, 58 events with duration magnitude (Md) 0.8 - 3.3 were recorded in an 11 x 14 km 2

area, with hypocentral depths ranging from 2 to 11 km (1 to 7 mi.) [Reference 2.5.1-306].
The elevated seismic activity of the MPSSZ has been attributed to stress concentrations
associated with the intersection of the Ashley River and Woodstock faults
[Reference 2.5.1-307, Reference 2.5.1-306, Reference 2.5.1-290, Reference 2.5.1-308].
Persistent foreshock activity was reported in the MPSSZ area [Reference 2.5.1-296], and it
has been speculated that the 1886 Charleston earthquake occurred within the MPSSZ [e.g.,
Reference 2.5.1-307, Reference 2.5.1-304, Reference 2.5.1-294].

2.5.1.1.4.2.5.1.2 Central Virginia Seismic Zone

At closest distance, the Central Virginia seismic zone (CVSZ) lies approximately 200 km
(130 mi.) north of the HAR site. The CVSZ is a roughly circular area that has a diameter of
approximately 120 - 145 km (75 - 90 mi.) and contains a low level of seismicity
(Reference 2.5.1-258). The geologic evidence for Quaternary faulting consists of two sites at
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which probable small Holocene sand dikes are interpreted to be paleoliquefaction features
(Subsection 2.5.1.1.4.2.5.3.1). The faults that generated the earthquakes that caused these
paleoliquefaction features have not been identified.

About three-quarters of the earthquakes in this zone have occurred in the upper 11 km
(7 mi.) of crust (Reference 2.5.1-258). Most of the earthquakes occur in an east-west-
trending belt of activity, the western limit of which lies east of the Mountain Run fault and the
eastern limit of which lies slightly east of the Hylas shear zone (Reference RAI 02.05.01-09
05). Although hypocenters of micro-earthquakes plot within an upper crustal complex of
thrust sheets, the location uncertainties for both the earthquakes and individual faults are
large enough that no association can be postulated confidently (Reference 2.5.1-258).
Chapman (Reference RAI 02.05.01-09 05) postulates that earthquakes in the CVSZ may be
occurring along older Paleozoic brittle and ductile compressional features that were
reactivated during the Mesozoic, creating a fabric of minor high-angle brittle faults with a
variety of orientations. The largest historical earthquake in the zone occurred in 1875 near
the center of the zone; the intensity was MMI VII with an estimated moment magnitude (M)
4.8. Neither surface rupture nor liquefaction was reported from the 1875 event.
(Reference 2.5.1-258)

Investigations for the North Anna Early Site Permit (ESP) application (Reference 2.5.1-272)
made the following observations regarding the CVSZ: the broad spatial distribution of the
seismicity made it difficult to attribute the seismicity to any known geologic structure, the
seismicity extends both above and below the Appalachian detachment, no capable tectonic
sources have been identified within the CVSZ, paleo-liquefaction sites reflect pre-historical
occurrences of seismicity within the CVSZ, but do not indicate the presence of a capable
tectonic source. Based on these observations, the North Anna ESP Application concluded
that no new information has been developed since 1986 that would require a significant
revision to the treatment of the CVSZ in the EPRI seismic source model. Based on a review
of seismicity and recent information, including a careful review of the results of previous
paleoliquefaction investigations and geologic evaluation of structures, the North Anna ESP
application concluded that the EPRI-SOG seismic source characterizations for the CSVZ did
not need to be updated. The North Anna FSER (Reference RAI 02.05.01-09 03) further
states that there is no reported geomorphic expression, historical seismicity, or Quaternary
deformation along either the Hylas shear zone or the Lake of the Woods thrust fault that lie
within the CVSZ. Diffuse, scattered seismicity occurs throughout the CVSZ, but it is not
spatially concentrated or aligned with either of these two structures.

A feature speculated to be of possible tectonic origin was identified in LiDAR imagery in the
Shenandoah Valley of Central Virginia by Wieczorek et al. (Reference 2.5.1-260). The
northwest-southeast-trending lineament extends for at least 6 km (3.75 mi.) across Tertiary
and Quaternary alluvium that overlies Paleozoic formations. Wieczorek et al. interpret
sheared saprolite in Paleozoic bedrock along the LiDAR lineament at one location to
represent a possible fault (referred to as the Harriston fault) (Reference 2.5.1-260). The
linear patterns in the LiDAR image suggest a compressional stepover in a left-lateral
strike-slip fault system. The possible fault may be of Paleozoic or Mesozoic age. Both
tectonic and nontectonic mechanisms are considered by Wieczorek et al.
(Reference 2.5.1-260) to explain the linear patterns in the LiDAR image that coincide with
the possible fault. The geomorphic feature that is observed in the LiDAR data may be the
result of subsidence caused by dissolution in the underlying karst from groundwater
circulating along the fault (i.e., nontectonic). Alternatively the topographic expression in the
alluvium may be the result of Pleistocene or younger tectonic movement on the Harriston
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fault. The northwest orientation and steep dip of the fault are consistent with focal
mechanisms of monitored earthquakes deeper than 8 km (5 mi.) in the CVSZ. However,
preliminary trenching investigations to evaluate the postulated fault showed no evidence for
faulting in one trench and equivocal evidence (possible aligned gravel clasts) for faulting in a
second trench.

Based on review of literature and available information on the LiDAR lineament, completed
for this study, it is concluded that there is no definitive new information that suggests that the
EPRI-SOG characterization of the CVSZ as outlined in Subsection 2.5.2.2.1 needs to be
updated.

2.5.1.1.4.2.5.1.3 Giles County, Virginia, Seismic Zone

The Giles County seismic zone (GCVSZ) located in southwestern Virginia adjacent to West
Virginia, straddles the northwest-flowing New River (Reference 2.5.1-259, Figure 2.5.1-216).
At closest distance, the GCVSZ lies approximately 250 km (155 mi.) from the HAR site. This
zone of seismicity is approximately 40 km (25 mi.) long, 10 km (6 mi.) wide, and from 5 to
26 km (3 to 16 mi.) deep (Reference 2.5.1-245). Earthquake foci define a tabular zone that
strikes north 44 degrees east and has a near-vertical dip within Precambrian basement
beneath Appalachian thrust sheets (Reference 2.5.1-245). The largest known earthquake in
Virginia, the 1897 Giles County earthquake (MMI VIII, M 5.9), is inferred to have occurred
within the GCVSZ near the Virginia-West Virginia border (Reference 2.5.1-245,
Reference 2.5.1-259).

The GCVSZ probably is a result of compressional reactivation of a Late Proterozoic or early
Paleozoic lapetan normal fault or fault zone. Fault reactivation by late Paleozoic
compression and Mesozoic extension is also possible. (Reference 2.5.1-245) The strike of
the seismic zone is subparallel to the surface and near-surface structures of the central
Appalachians, and is at an angle of about 30 degrees to the thrust-faulted tectonic fabric.
The hypocentral depths of the seismicity, which are below the deepest likely thrust fault,
suggest that there is no simple relationship to surface geology (Reference 2.5.1-245).

There is no recognized geomorphic expression of the GCVSZ and no geologic evidence to
demonstrate Quaternary surface deformation caused by tectonic faulting above the
Appalachian detachment within the seismic zone. Accordingly, Wheeler assigns the GCVSZ
to Class C (Reference 2.5.1-259). Detailed studies of the Pembroke faults, which lie within
the GCVSZ, favor a nontectonic origin for faulting and antiformal surface deformation
(Reference RAI 02.05.01-09 04) (see discussion of the Pembroke faults in
Subsection 2.5.1.1.4.2.5.4). Regional Quaternary studies of downcutting rates for the New
River, Virginia region provide evidence only for regional tilting (Reference 2.5.1-237). The
occurrence of a significant historical earthquake and of continuing smaller earthquakes in
the seismic zone indicates tectonic activity in the area (Reference 2.5.1-259), but definitive
evidence for a capable tectonic source and for the recurrence of large earthquakes similar to
or larger than the 1897 Giles County earthquake (e.g., results of paleoliquefaction
investigations) has not been reported in the literature reviewed for this study. There is no
definitive new information that suggests that the EPRI-SOG characterization of the GCVSZ
as outlined in Subsection 2.5.2.2.1 needs to be updated.

2.5.1.1.4.2.5.1.4 Eastern Tennessee Seismic Zone

The East Tennessee seismic zone (ETSZ) is a well-defined, northeasterly trending belt of
seismicity, approximately 300 km (185 mi.) long by up to about 100 km (60 mi.) wide, that
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lies principally within the Valley and Ridge physiographic province of eastern Tennessee
and adjacent parts of North Carolina just beyond the HAR site region boundary
(Reference 2.5.1-259, Reference 2.5.1-278, Figure 2.5.1-216). This area is one of the most
active seismic regions in eastern North America (Reference 2.5.1-278). The largest
recorded earthquakes in this zone are the 1973 (mb 4.7) Maryville, Tennessee, earthquake
and the April 2003 M 4.6 Fort Payne earthquake that occurred in northeastern Alabama
near the Georgia border (Reference 2.5.1-279, Reference 2.5.1-280).

Focal depths of most earthquakes in the ETSZ range from 5 to 23 km (3 to 14 mi.) beneath
detached Alleghanian thrust sheets (Reference 2.5.1-281, Reference 2.5.1-278). Focal
mechanisms indicate strike-slip faulting on steeply dipping planes and a uniform regional
stress field in which horizontal maximum compression trends north 70 degrees east
(Reference 2.5.1-278). Chapman et al. note that the seismicity is not distributed uniformly;
instead, epicenters form northeasterly trending en-echelon segments (Reference 2.5.1-278).
One interpretation is that the linear segments and the locations of their terminations may
reflect the basement fault structure that is being reactivated in the current stress regime
(Reference 2.5.1-278). More recent analyses, using the spatial distribution of relocated
earthquake hypocenters combined with focal mechanism solutions, provides additional
insights into fault orientation in the ETSZ (Reference 2.5.1-282). These data suggest that
the orientation of a diffuse west-striking, north-dipping zone of hypocenters within the
central, most seismically active part of the ETSZ is consistent with reflective, mid- to
upper-crust structures having apparent dips of approximately 35 degrees to the north.
Relocation of a smaller cluster of earthquakes nearer the Tennessee-North Carolina border
suggests possible reactivation of a steeply dipping, northwest-southeast-trending fault in the
basement in that area.

The association of seismicity with regional structures in the ETSZ is reviewed by Wheeler
(Reference 2.5.1-259). Most earthquakes occurred in crystalline basement rocks buried
beneath the exposed thrust sheets of Paleozoic rocks. The structures associated with the
earthquakes, therefore, have no clear relationship to structures in the thrust sheets or
exposed geology. In this respect, the ETSZ is similar to the GCVSZ, described previously.
The faults on which ETSZ earthquakes have occurred may have formed during the late
Precambrian or Cambrian rifting that led to the formation of the lapetan Ocean.
(Reference 2.5.1-259)

The majority of the seismic events associated with the ETSZ occur on the Ocoee block,
between the Ocoee, Clingman, and New York - Alabama lineaments (Figure 2.5.1-213),
which are formed by deep-seated basement structures (Reference 2.5.1-283).

The western margin of the ETSZ is sharply defined, coinciding with a prominent gradient in
the total intensity magnetic field, which corresponds to the New York - Alabama lineament
(Reference 2.5.1-278). Alternative structural models have been postulated to explain the
association of seismicity with the magnetic gradient. Powell et al. propose that the ETSZ is
an evolving seismic zone in which slip on north- and east-striking surfaces is slowly
coalescing into a northeast-southwest-trending zone (Reference 2.5.1-284). It is suggested
that the ETSZ represents seismic activity that results from the regional stress field and is
coalescing near the juncture between a relatively weak seismogenic block and the relatively
strong crust to the northwest, which may be strengthened by the presence of mafic rocks
associated with an inferred Proterozoic rift. (Reference 2.5.1-284) Powell et al. note that the
densest seismicity and the largest of the instrumentally located epicenters in the ETSZ
generally lie close to and east of an aeromagnetic lineament on the western margin of the
seismic zone (Reference 2.5.1-284). It is postulated that deformation within the ETSZ
eventually may evolve into a throughgoing, strike-slip fault in eastern Tennessee.
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(Reference 2.5.1-284) Strike-slip motion would be consistent with both the sharp, apparently
near-vertical nature of the boundary, as inferred from the aeromagnetic signature, and the
orientation of the boundary in the contemporary stress field.

An alternative model to explain the localities of seismicity in the eastern Tennessee region is
given by Long and Kaufmann (Reference 2.5.1-285). Based on an analysis of the velocity
structure of the region, Long and Kaufmann conclude that the seismically active areas
apparently are not constrained by crustal blocks as defined by the aeromagnetic lineament
(Reference 2.5.1-285). Rather, their locations are determined by low-velocity regions at
mid-crustal depths. The data may support the conjecture that intraplate earthquakes occur
in crust that may be weakened by anomalously high fluid pressures (Reference 2.5.1-285).

Detailed geologic studies focused on locating paleoseismic evidence of large-magnitude
prehistoric events have been conducted in limited areas only. Whisner et al. investigated a
300-square-kilometer (km 2) (116-square-mile [mi. 2]) area within the most active part of the
ETSZ and found no concrete evidence of large prehistoric earthquakes
(Reference 2.5.1-286). It is noted, however, that two other sites warrant further study. At the
Gray fossil site in northeastern Tennessee, fractures and joints having little offset exist
throughout Miocene clay units. These features have orientations that are not inconsistent
with the late Tertiary to Holocene stress field. In addition, apparent dewatering features are
observed in the same region. Deformation is postulated to be related to either strong ground
motion or, more likely, sinkhole collapse. At a site in Tellico Plains, Tennessee, disturbed
and folded sediments recently were discovered in an older landslide or terrace deposit
beneath younger Tellico River alluvium. Deformation at this site may be the result of
soft-sediment deformation and liquefaction related to a prehistoric earthquake; or it could be
the result of dewatering and folding at the toe of a prehistoric landslide.
(Reference 2.5.1-286)

Despite observations of small to moderate earthquakes in the ETSZ, which demonstrate
Quaternary tectonic faulting, no surficial geologic evidence has yet demonstrated the
occurrence of large earthquakes within the seismic zone. Accordingly, Wheeler assigns the
ETSZ to Class C. Nonetheless, the occurrence of moderate historical earthquakes and of
continuing smaller earthquakes in this seismic zone indicates tectonic activity in the area.
(Reference 2.5.1-259)

Based on review of literature and new unpublished information completed for the HAR COL
study, it is concluded that there is no definitive new information that suggests that the EPRI-
SOG characterization of the ETSZ as outlined Subsection 2.5.2.2.1 needs to be updated.

2.5.1.1.4.2.5.2 'Postulated Nontectonic Features

2.5.1.1.4.2.5.2.1 Pembroke Faults

Faults in terrace deposits of probable Quaternary age have been mapped along the north
side of the New River Valley, between Pembroke and Pearisburg, Virginia approximately
240 km (150 mi.) from the HAR site (Reference 2.5.1-258). The faults overlie a steeply
dipping, tabular zone of hypocenters (see discussion of the Giles County, Virginia, seismic
zone in Subsection 2.5.1.1.4.2.5.1.3). The terrace deposits are underlain by folded and
thrust-faulted Ordovician carbonate rocks of the southern Appalachian Valley and Ridge
province. The faults were mapped in an excavation and have no topographic expression.
The five largest extensional faults have dip separations from 1.0 to at least 8.5 m (3 to at
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least 28 ft.). These faults, which bound two grabens and a half-graben in or near the hinge
of an anticline, have a normal sense of slip with a component of strike-slip. The ages of the
faults are constrained by the terrace deposits, which could be as old as latest Pliocene.
(Reference 2.5.1-258)

Law et al (Reference 2.5.1-261; Reference RAI 02.05.01-09 06) discuss alternative models
for the formation of the faults by tectonic and nontectonic (i.e., surficial processes,
associated with either solution collapse or landsliding). Crone and Wheeler rate the faults as
Class B, because the fault origin has not been determined (Reference 2.5.1-258). A tectonic
origin for these structures would involve folding and faulting within the river terrace
sediments in response to a listric extensional fault detaching within the river terrace
sediments; whereas a non-tectonic origin could be driven by solution collapse of the
underlying Cambro-Ordovician limestone. No major sinkholes have been reported in the
excavation site area; however, examples of sinkhole formation can be seen in the limestone
bedrock immediately to the east (Reference 2.5.1-261). More recent investigation of surface
and geophysical subsurface data suggests a model involving initial deposition of sediments
within an elongate ENE-trending surface depression at the bedrock/sediment interface.
Continuous deposition of sediments during progressive solution of limestone at the
bedrock/sediment interface leads to eventual inversion of sediment layers to produce an
antiformal structure (Reference RAI 02.05.01-09 04). The depression in the bedrock surface
oriented subparallel to the strike of normal faults is further supported by seismic refraction,
electrical resistivity sounding, and borehole data (Reference RAI 02.05.01-09 07).The
preservation of delicate grainscale textures in clay-rich faults indicates slow slip rates that
precludes sudden slip (Reference RAI 02.05.01-09 04). The model of the antiformal
structure driven by solution of the underlying limestone coupled with evidence of slow slip-
rates favors a nontectonic origin of the observed structures.

2.5.1.1.4.2.5.2.2 Postulated East Coast Fault System

Revision will be provided in a future response to RAIs 02.05.01-10, 11, and 16.

2.5.1.1.4.2.5.2.3 Fall Lines of Weems

Revision will be provided in a future response to RAI 02.05.01-12.

2.5.1.1.4.2.5.3 Paleoliquefaction Features

2.5.1.1.4.2.5.3.1 Paleoliquefaction Features Within the Central Virginia Seismic Zone

Two sites of Holocene liquefaction have been reported within the CVSZ (Reference 2.5.1-
258; and Reference RAI 02.05.01-09 02). These sites include an area of probable late
Holocene (2000 to 3000 years old) liquefaction along the James River and a possible area
of early- to mid-Holocene (approximately 5000 years old) liquefaction along the Rivanna
River (Reference RAI 02.05.01-09 02). The Dominion North Anna ESP FSAR also indicates
that there may be a possible third site of possibly early- to mid-Holocene liquefaction along
the South Anna River.

Based on the absence of widespread paleoliquefaction, Obermeier and McNulty (Reference
RAI 02.05.01-09 02) conclude that an earthquake of magnitude 7 or larger has not occurred
within the CVSZ in the past 2000-3000 years, or in the eastern portion of the seismic zone in
the past 5000 years. They note that the geologic record of one or more magnitude 6 ot 7
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earthquakes might be concealed between streams, but that such events could not have
been abundant in the seismic zone. It is also possible that these isolated locations of
paleoliquefaction may have been produced by local shallow moderate magnitude
earthquakes of M 5.5 to 6.5.

Based on evaluation of these data, it was stated in the Dominion North Anna ESP
application that the presence of these liquefaction features does not indicate a change in the
smallest maximum magnitude level assigned to the CVSZ, in the 1986 EPRI study. In
response to RAI 2.5.1-1 for the Dominion North Anna ESP, the applicant concluded that the
liquefaction features identified by Obermeier and McNulty (Reference RAI 02.05.01-09 02)
represent one or possibly two moderate magnitude (magnitude approximately 5.5 to 6.5)
earthquakes in the CVSZ in the middle to late Holocene. Field reconnaissance by
Obermeier of thousands of meters of liquefiable deposits in the area that found liquefaction
features occur in a restricted area and are not indicative of a magnitude 7 earthquake or
abundant magnitude 6 to 7 earthquakes during the Holocene within the CVSZ. The NRC
concurred that the characterization of the impact of paleoliquefaction features on the seismic
characterization of the CVSZ was accurate, and that characterization of the occurrence of
earthquakes is consistent with EPRI seismic source recurrence estimates for the CVSZ. (N.
Anna SER, 2005) Because the causative faults remain unidentified, the CVSZ is best
characterized as a seismogenic source and not a capable tectonic source as defined by RG
1.165. (Reference 2.5.1-272).

2.5.1.1.4.2.5.3.2 Paleoliquefaction Features Within the Charleston Region

During the 1886 Charleston earthquake (intensity MMI X and M 7.3), eyewitnesses in
central coastal South Carolina reported widespread liquefaction. The distribution and density
of the liquefaction associated with the 1886 Charleston earthquake were documented by
Dutton (Reference 2.5.1-296) and provide useful information on the epicentral location of the
earthquake. In the same region are middle to late Holocene craters, sand blows, and sand
fissures produced by large prehistoric earthquakes.

Searches for paleoliquefaction features in the 1886 Charleston epicentral area and in the
southeastern U.S. coastal region were performed by a number of researchers to better
define the location and geometry of the Charleston seismic source. Obermeier et al.
(Reference 2.5.1-297, Reference 2.5.1-298, Reference 2.5.1-302) investigated the spatial
distribution, size, and abundance of paleoliquefaction features in the Charleston region and
beyond. Obermeier et al. (Reference 2.5.1-297, Reference 2.5.1-298) observed that both
the abundance and diameters of pre-1886 Holocene sandblow craters are greatest within
the meizoseismal zone of the 1886 Charleston earthquake. No paleoliquefaction features
were observed beyond 100 km (60 mi.) from Charleston (Reference 2.5.1-302).

Amick et al. (Reference 2.5.1-270) searched for paleoliquefaction features in late
Quaternary beach and near-shore deposits (i.e., deposits susceptible to liquefaction) at over
1000 potential liquefaction sites in Virginia, North Carolina, South Carolina, Georgia, and in
the Wilmington, Delaware, area. A map showing the 7.5-minute quadrangles in which they
conducted reconnaissance studies in North Carolina and South Carolina (their Area 2) is
shown on RAI 02.05.01-9 Figure 3. Over 320 sites were evaluated in this area. Their search
identified liquefaction features almost exclusively in South Carolina, with one exception, the
Calabash liquefaction feature discovered directly north of the South Carolina-North Carolina
state line (see discussion in Section 2.5.1.1.4.2.5.3.3.below). The lack of paleoliquefaction
features outside the Charleston area provided by Obermeier et al. [Reference 2.5.1-302]
and Amick et al. [Reference 2.5.1-300]) strongly suggests that the seismic source that
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produced the 1886 Charleston earthquake and earlier large-magnitude earthquakes is
localized in the Charleston meizoseismal area.

Talwani and Schaeffer (Reference 2.5.1-301), and others evaluated the distribution of 1886
liquefaction and earlier paleoliquefaction features to assess the geometry as well as the
stationarity or non-stationarity of the Charleston seismic source. Evaluations of the location,
magnitude, and recurrence of large magnitude events in the Charleston region based on the
size, age, and distribution of paleoliquefaction features are presented in Subsection
2.5.1.1.4.2.5.4.

Liquefaction features near Georgetown, South Carolina and two sites in North Carolina near
the border with South Carolina identified by Amick et al. (Reference 2.5.1-270) and Talwani
and Schaeffer (Reference 2.5.1-301) are distant from the Charleston epicentral region.
These sites, discussed below, could be indicative of a local source rather than a distant
source.

Georgetown Liquefaction Features (Class A). Crone and Wheeler (Reference 2.5.1-258)
provide a summary of prehistoric liquefaction features found near Georgetown, South
Carolina, approximately 100 km (60 mi.) northeast of Charleston, South Carolina
(Reference 2.5.1-258). These features lie approximately 320 km (200 mi.) south of the HAR
site. Although the zone in which those features occurs adjoins or merges with the area of
liquefaction that is attributed to earthquakes near Charleston, the features near Georgetown
are interpreted to be caused by local earthquakes instead of by a distant earthquake source
near Charleston. The Georgetown liquefaction features are attributed to a single large,
prehistoric earthquake, as the causative fault has not been identified. (Reference 2.5.1-258)

Talwani and Schaeffer (Reference 2.5.1-301) assess the sandblows at the Georgetown site
to indicate two or possibly three episodes of liquefaction. Based on calibrated ages of
radiocarbon samples from sandblows at multiple sites in South Carolina, seven episodes of
prehistoric liquefaction in the past 6000 years and two scenarios for prehistoric seismicity in
the region are identified by Talwani and Schaeffer (Reference 2.5.1-301) (Table RAI
02.05.01-09 01). In the first scenario there are three possible seismic source zones: near
Charleston, near Georgetown (northern source), and near Bluffton (southern source). In the
second scenario all earthquakes occur in the Charleston seismic zone. Talwani and
Schaeffer (Reference 2.5.1-301) state that more data are needed to resolve between the
two scenarios.

2.5.1.1.4.2.5.3.3 Paleoliquefaction Features Identified in North Carolina

Paleoliquefaction features have been identified at two sites in North Carolina: the Calabash
site of Amick et al. (Reference 2.5.1-270) and the Southport site of Talwani and Schaeffer
(Reference 2.5.1-301). The Calabash site was one of eight liquefaction sites identified north
of the meizoseismal area of the 1886 Charleston earthquake. Detailed investigations were
conducted at five of the eight sites, but the Calabash site was not included in this five. The
only site-specific information Amick et al. (Reference 2.5.1-270) provide on the Calabash
site is "several pre-1886 features" as a note on a map showing the location of the site
(Reference 2.5.1-270, Figure 11.1). The Southport site is described as the northernmost
site examined from which datable material was recovered (Reference 2.5.1-301). This
material consisted of pieces of charcoal embedded deeply in intensely deformed soil
profiles; a maximum age of 9743 + 167/-208 years B.P. was obtained on this material. As
described above for the Georgetown features, the paleoliquefaction features at the
Southport site could be related to either a northern seismic source of the Charleston seismic
source; there are insufficient data available to resolve between the two scenarios.
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TABLE RAI 02.05.01-09 01. Timing and Source of Liquefaction Events in Southern Atlantic
Coastal Plain

Age, Scenario 1 Scenario 2
Liquefaction Years

Episode B.P. Source Magnitudea Source Magnitudea

1886 AD 113 Charleston 7.3 Charleston 7.3

A 546±1 Charleston 7+ Charleston 7+
7

B 1021± Charleston 7+ Charleston 7+
30

C 1648± northern -6.0 --

74 part

C' 1683± --.. Charleston 7+
70

D 1966 southern -6.0 ..--

±212 part

E 3548± Charleston 7+ Charleston 7+
66

F 5038± Northern -6.0 Charleston 7+
166 part

G 5800± Charleston 7+ Charleston 7+

500
a Magnitude is Mw; 1886 magnitude is from Johnston (1996b)

Source: Talwani and Schaeffer (2001)

References:

Reference RAI 02.05.01-09 01: US NRC, Safety Evaluation Report related to the operation
of Shearon Harris Nuclear Power Plant, Units 1 and 2, NUREG-1038, 1983, 624 pp.

Reference RAI 02.05.01-09 02: Obermeier, S. F., and W. E. McNulty. Paleoliquefaction
Evidence for Seismic Quiescence in Central Virginia During the Late and Middle Holocene
Time (abs.), Eos Transactions of the American Geophysical Union, Vol. 79, No. 17, p S342,
1998.

Reference RAI 02.05.01-09 03: US NRC, Safety Evaluation Report for an Early Site Permit
(ESP) at the North Anna ESP Site, NUREG-1 835, 2006, 108 pp.
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Reference RAI 02.05.01-09 04: Law, R.D., E.S. Robinson, "Folding and Faulting of Plio-
Pleistocene Sediments in Giles County, SW Virginia: 1)Surface Data and Interpretation,"
abstract, Geological Society of America Southeastern Section Meeting, Paper No. 30218,
vol.32, no.2, 2000

Reference RAI 02.05.01-09 05: Chapman, M.C., "Seismicity of Central Virginia", abstract,
Seismological Research Letters, Volume 76, No. 1, p. 115, 2005 (Abstacts of the ES-SSA
2004 7 6 th Annual Meeting).

Reference RAI 02.05.01-09 06: Law R.D., M.C. Pope, R.H. Wirgart, K.A. Eriksson, E.S.
Robinson, S. Sayer., E.J. Phinney, and G.A. Bulinger, "Geologically Recent Near-Surface
Faulting and Folding in Giles County, Southwest Virginia: New Exposures of Extensional
and Apparent Reverse Faults in Alluvial Sediments between Pembroke and Pearlsburg,"
NUREG CP 0133, p. 415-432, 1994

Reference RAI 02.05.01-09 07: Williams, R.T., "Folding and Faulting of Plio-Pleistocene
Sediments in Giles County, SW Virginia: 2)Ground-Penetrating Radar and Seismic
Reflection Data," abstract, Geological Society of America Southeastern Section Meeting,
Paper No. 20319, vol.32, no.2, 2000.
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(Geomatrix Consultants) and Dr. Steve Obermeier July 28,
2006.

Email from R. Weems, November 19, 2008 and photos

RAI 02.05.01-9 Figure 3
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NRC Letter No.: HAR-RAI-LTR-030

NRC Letter Date: October 14, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.01-15

Text of NRC RAI:

FSAR Section 2.5.1.1.4.2.6 discusses the ETSZ & GCVSZ in this section about seismic zones.

a) The Charleston SZ is excluded. GCVSZ is within the 200mile boundary, Charleston is sitting
on the 200 mile boundary and the ETSZ is outside the 200 mile boundary. Please explain why
Charleston is not included in this section.

b) Figure 2.5.1-216 presents items discussed in the text in a confusing manner. Features that
are liner versus zonal or areal are not represented consistently on the figure. It is hard to locate
these items when reviewing the text. The figure also covers a much larger region than is being
discussed so that the items of interest are constrained to a small portion of the entire figure,
making the graphic elements crowded and confusing. Please revise figure for clarity and
relevance to the text.

c) In the discussion of the GCVSZ, p. 2.5-47 The FSAR concludes: "definitive evidence is
lacking for a capable tectonic source and for the recurrence of large earthquakes similar to or
larger than the 1897 Giles County earthquake." What information has the applicant provided
that would support the lack of evidence for the recurrence of the large earthquake. Were any
paleoliquefaction studies completed within the zone?

d) FSAR 2.5.1.1.4.2.6.1 (p. 2.5-47) discusses the Pembroke faults. Underlying solution collapse
and slumps are given as alternative interpretations for the origin of the Pembroke faults.
Describe in more detail the supporting evidence for these nontectonic interpretations

e) In the discussion of the ETSZ, p. 2.5-47, The FSAR references information about the
earthquakes to a USGS web site poster. A WEB reference for a government agency must
include a reference to the official agency record. If the WEB site is the official agency record,
then it must be preserved and retrievable if the WEB site changes at some later date. Explain
how you will meet this requirement.

PGN RAI ID #: H-0152

PGN Response to NRC RAI:

a) As noted in Response to RAI 02.05.01-9, FSAR Section 2.5.1.1.4.2 will be reorganized in a
future revision. Distances of seismic zones in or close to the HAR site region and their
significance to the HAR site will be more clearly specified in the revised text. The Charleston
seismic zone is within the site region (within the 320 km-[200 mi.]- radius). The Charleston
seismic source is an important contributor to the seismic hazard at the HAR site, and a
discussion of the Charleston seismic zone and new information used to develop an updated
seismic source characterization model for the Charleston source will be summarized in the
revised FSAR Section 2.5.1.1.4.2 submitted in a future revision (see Response to RAI
02.05.01-16).

b) Figure 2.5.1-216 will be modified in a future revision to include two sheets, one showing the
Quaternary tectonic features from Crone and Wheeler (2000) and the other to show the
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location of seismic zones with respect to the site (Revised Figures 2.5.1-216, Sheets 1 and
2).

c) Quaternary studies have been conducted in the Giles County seismic zone to evaluate
possible neotectonic deformation. Studies of downcutting rates for the New River, Virginia
region by Granger et al. provide evidence for regional tilting (Reference 2.5.1-237). To our
knowledge, except for the detailed studies to evaluate the Pembroke faults that lie within the
GCVSZ, there have been no other more recent Quaternary geologic studies and no
paleoliquefaction studies conducted within the zone. The last paragraph of Section
2.5.1.1.4.2.6.1 will be modified in a future revision to provide clarification.

d) Law et al. (Reference RAI 02.05.01-15 01) outlines possible tectonic and nontectonic
mechanisms that could produce the Pembroke faults and associated antiformal structure.
Based on additional surface and geophysical investigations and interpretation of subsurface
data, a nontectonic mechanism was hypothesized by Law et al. (Reference RAI 02.05.01-15
02). They suggest a model involving initial deposition of sediments within an elongate ENE-
trending surface depression at the bedrock/sediment interface. Continuous deposition of
sediments during progressive solution of limestone at the bedrock/sediment interface leads
to eventual inversion of sediment layers to produce an antiformal structure. The depression
in the bedrock surface oriented subparallel to the strike of normal faults is further supported
by seismic refraction, electrical resistivity sounding, and borehole data (Reference RAI
02.05.01-15 03).The preservation of delicate grainscale textures in clay-rich faults indicates
slow slip rates that precludes sudden slip (Reference RAI 02.05.01-15 02). The model of the
antiformal structure driven by solution of the underlying limestone coupled with evidence of
slow slip-rates favors a nontectonic origin of the observed structures.

e) The data as downloaded from the web site has been saved as a pdf to preserve the
information as downloaded.

Associated HAR COL Application Revisions:

The following changes will be made to HAR FSAR Chapter 2 in a future revision:

1. Revise the last paragraph of FSAR Section 2.5.1.1.4.2.6.1 from:

"The Pembroke faults, a zone of small late Pliocene to early Quaternary faults, have been
identified in southwestern Virginia in the area of the GCVSZ (see discussion of the
Pembroke faults in Subsection 2.5.1.1.4.2.5.4). The location and relative displacement of
these faults is consistent with the orientation of the GCVSZ and with estimates of principal
stress from focal-mechanism studies (Reference 2.5.1-277). The faults could be tectonic in
origin or related to underlying solution collapses or slumps. Crone and Wheeler rate the
faults as Class B because fault origin has not been determined (Reference 2.5.1-258).
Therefore, definitive evidence is lacking for a capable tectonic source and for the recurrence
of large earthquakes similar to or larger than the 1897 Giles County earthquake."

To read: (text incorporated into the last paragraph of a revised FSAR Section
2.5.1.1.4.2.5.1.3 Giles County, Virginia, Seismic Zone [see Response to RAI 02.05.01-9]).

"There is no recognized geomorphic expression of the GCVSZ and no geologic evidence to
demonstrate Quaternary surface deformation caused by tectonic faulting within the seismic
zone. Accordingly, Wheeler assigns the GCVSZ to Class C (Reference 2.5.1-259). Detailed
studies of the Pembroke faults, which lie within the GCVSZ, favor a nontectonic origin for



Enclosure 1 to NPD-NRC-2008-095
Page 33 of 61

faulting and antiformal surface deformation (Reference RAI 02.05.01-15 02) (see discussion
of the Pembroke faults in Subsection 2.5.1.1.4.2.5.4). Regional Quaternary studies of
downcutting rates for the New River, Virginia region provide evidence only for regional tilting
(Reference 2.5.1-237). The occurrence of a significant historical earthquake and of
continuing smaller earthquakes in the seismic zone indicates tectonic activity in the area
(Reference 2.5.1-259), but definitive evidence for a capable tectonic source and for the
recurrence of large earthquakes similar to or larger than the 1897 Giles County earthquake
(e.g., results of paleoliquefaction investigations) have not been reported in the literature
reviewed for this study. There is no definitive new information that suggests that the EPRI-
SOG characterization of the GCVSZ as outlined in Subsection 2.5.2.2.1 needs to be
updated."

2. Revise the FSAR Section 2.5.1.1.4.2.5.4 from:

"Faults in terrace deposits of probable Quaternary age have been mapped along the north
side of the New River Valley, between Pembroke and Pearisburg, Virginia approximately
240 km (150 mi.) from the HAR site (Reference 2.5.1-258). The faults overlie a steeply
dipping, tabular zone of hypocenters (see discussion of the Giles County, Virginia, seismic
zone in Subsection 2.5.1.1.4.2.6.1). The terrace deposits are underlain by folded and
thrust-faulted Ordovician carbonate rocks of the southern Appalachian Valley and Ridge
province. The faults were mapped in an excavation and have no topographic expression.
The five largest extensional faults have dip separations from 1.0 to at least 8.5 m (3 to at
least 28 ft.). These faults, which bound two grabens and a half-graben in or near the hinge
of an anticline, have a normal sense of slip with a component of strike-slip. The ages of the
faults are constrained by the terrace deposits, which could be as old as latest Pliocene.
(Reference 2.5.1-258)

Law et al. (1993) interpret the faults to have formed by tectonic rather than surficial
processes, although it is stated that the features may be associated with either solution
collapse or landsliding (Reference 2.5.1-261). Crone and Wheeler rate the faults as Class B,
because the fault origin has not been determined (Reference 2.5.1-258)."

To read (text incorporated into the last paragraph of a revised FSAR Section
2.5.1.1.4.2.5.2.1 Pembroke Faults [see Response to RAI 02.05.01-9]):

Faults in terrace deposits of probable Quaternary age have been mapped along the north
side of the New River Valley, between Pembroke and Pearisburg, Virginia approximately
240 km (150 mi.) from the HAR site (Reference 2.5.1-258). The faults overlie a steeply
dipping, tabular zone of hypocenters (see discussion of the Giles County, Virginia, seismic
zone in Subsection 2.5.1.1.4.2.5.1.3). The terrace deposits are underlain by folded and
thrust-faulted Ordovician carbonate rocks of the southern Appalachian Valley and Ridge
province. The faults were mapped in an excavation and have no topographic expression.
The five largest extensional faults have dip separations from 1.0 to at least 8.5 m (3 to at
least 28 ft.). These faults, which bound two grabens and a half-graben in or near the hinge
of an anticline, have a normal sense of slip with a component of strike-slip. The ages of the
faults are constrained by the terrace deposits, which could be as old as latest Pliocene.
(Reference 2.5.1-258)

Law et al (Reference 2.5.1-261; Reference RAI 02.05.01-15 01) discuss alternative models
for the formation of the faults by tectonic and nontectonic (i.e., surficial processes,
associated with either solution collapse or landsliding). Crone and Wheeler rate the faults as
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Class B, because the fault origin has not been determined (Reference 2.5.1-258). A tectonic
origin for these structures would involve folding and faulting within the river terrace
sediments in response to a listric extensional fault detaching within the river terrace
sediments; whereas a non-tectonic origin could be driven by solution collapse of the
underlying Cambro-Ordovician limestone. No major sinkholes have been reported in the
excavation site area, however, examples of sinkhole formation can be seen in the limestone
bedrock immediately to the east (Reference 2.5.1-261). More recent investigation of surface
and geophysical subsurface data suggests a model involving initial deposition of sediments
within an elongate ENE-trending surface depression at the bedrock/sediment interface.
Continuous deposition of sediments during progressive solution of limestone at the
bedrock/sediment interface leads to eventual inversion of sediment layers to produce an
antiformal structure (Reference RAI 02.05.01-15 02). The depression in the bedrock surface
oriented subparallel to the strike of normal faults is further supported by seismic refraction,
electrical resistivity sounding, and borehole data (Reference RAI 02.05.01-15 02). The
preservation of delicate grainscale textures in clay-rich faults indicates slow slip rates that
precludes sudden slip (Reference RAI 02.05.01-15 02). The model of the antiformal
structure driven by solution of the underlying limestone coupled with evidence of slow slip-
rates favors a nontectonic origin of the observed structures.

References:

Reference RAI 02.05.01-15 01: Law R.D., M.C. Pope, R.H. Wirgart, K.A. Eriksson, E.S.
Robinson, S. Sayer., E.J. Phinney, and G.A. Bulinger, "Geologically Recent Near-Surface
Faulting and Folding in Giles County, Southwest Virginia: New Exposures of Extensional and
Apparent Reverse Faults in Alluvial Sediments between Pembroke and Pearlsburg," NUREG
CP 0133, p. 41.5-432, 1994

Reference RAI 02.05.01-15 02: Law, R.D., E.S. Robinson, "Folding and Faulting of Plio-
Pleistocene Sediments in Giles County, SW Virginia: 1)Surface Data and Interpretation,"
abstract, Geological Society of America Southeastern Section Meeting, Paper No. 30218,
vol.32, no.2, 2000.

Reference RAI 02.05.01-15 03: Williams, R.T., "Folding and Faulting of Plio-Pleistocene
Sediments in Giles County, SW Virginia: 2)Ground-Penetrating Radar and Seismic Reflection
Data," abstract, Geological Society of America Southeastern Section Meeting, Paper No. 20319
, vol.32, no.2, 2000.

Attachments/Enclosures:

Attachment 02.05.01-08A.pdf: Figure 2.5.1-216 (Sheets 1 and 2) - Revised
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NRC Letter No.: HAR-RAI-LTR-030

NRC Letter Date: October 14, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.01-17

Text of NRC RAI:

FSAR section 2.5.1.1.4.4 discusses regional gravity and magnetic data and provides Figure
2.5.1-228, a Bouguer gravity map.

a) In Figure 2.5.1-228, it is hard to determine the patterns between high and lows and the
steepness of gravity gradients because the color ramp is muted and very gradational. The ideas
discussed in text are not at all obvious on the figure. The graphic element added to the map is
very clear but it also obscures examination of the real data. Please revise the figure for clarity
and relevance to the text.

b) FSAR section 2.5.1.1.4.4.1 (p 2.5-61) discusses gravity data. The Kane and Godson citation
points out that there are 2 sub-parallel chains of elongate highs on the gravity map. The
description of the significance of these features is unclear. Please clarify.

c) FSAR section 2.5.1.1.4.4.2 (p 2.5-62) discusses magnetic data and states: "Most anomalies
on the gravity map are attributed to sources in the crystalline basement, whereas the magnetic
anomalies are attributed to sources in the crystalline basement, volcanic units within a kilometer
or so of the surface, or igneous intrusions (Reference 2.5.1-319)". This statement is confusing.
Please clarify.

d) FSAR section 2.5.1.1.4.4.2 (p 2.5-63) states: "The aeromagnetic map of North Carolina, at a
scale of 1:1,000,000, reveals more detailed features of the study region (Reference 2.5.1-330)."
This figure is not provided in the FSAR. Please provide a figure of the map cited.

PGN RAI ID #: H-0154

PGN Response to NRC RAI:

a) The color scale will be changed and the graphic elements will be modified on Revised
Figure 2.5.1-228 in a future revision to better distinguish patterns in the gravity gradients.

b) RAI Figure 02.05.01-17 Figure 1 shows the gravity map of Kane and Godson (Reference
2.5.1-319). Changes will be added in a future revision to clarify the discussion of the gravity
study by Kane and Godson (Reference 2.5.1-319), which was meant to address the
observation of the gravity highs paralleling the structural fabric of the Appalachians. The
source of the gravity highs is likely the crystalline basement that is exposed near and at the
surface from Paleozoic deformation.

c) The sentence deciphering the gravity and magnetic anomalies will be modified in a future
revision to clarify the statement.

d) The aeromagnetic map of North Carolina is attached as RAI 02.05.01-17 Figure 2.

Associated HAR COL Application Revisions:

The following changes will be made to HAR FSAR Chapter 2 in a future revision:
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1. Revise the sentence in the 1st paragraph of FSAR Section 2.5.1.1.4.4.2 from:

"Most anomalies on the gravity map are attributed to sources in the crystalline basement,
whereas the magnetic anomalies are attributed to sources in the crystalline basement,
volcanic units within a kilometer or so of the surface, or igneous intrusions
(Reference 2.5.1-319).

To read:

"The magnetic anomalies are attributed to sources in the crystalline basement, volcanic
units within about a kilometer of the surface, or igneous intrusions (Reference 2.5.1-319).

2. Revise the sentence in the 3rd paragraph of FSAR Section 2.5.1.1.4.4.1 from:

"Kane and Godson note that geophysical anomalies in the Appalachians trend
predominantly northeast-southwest and that the gravity pattern in the site region is
characterized by two parallel northeast-southwest-trending chains of elongate highs
(Reference 2.5.1-319). The chains generally are separated by a series of lows and are
characterized by moderate to high intensity and flanked outwardly by lows that generally are
less intense and continuous. It is suggested that the sources of the southeast chain, which
is characterized by higher, steeper, and more asymmetric gradients, are shallower or more
massive than those that form the northwest chain and that these structures form interfaces
with surrounding rock units that dip at steeper angles. (Reference 2.5.1-319)"

To read:

"Kane and Godson note that geophysical anomalies in the Appalachians trend
predominantly northeast-southwest and that the gravity pattern in the site region is
characterized by two parallel northeast-southwest-trending chains of elongate highs that
extend from northern Vermont to central Alabama (RAI 02.05.01-17 Figure 1)
(Reference 2.5.1-319). The chains generally are separated by a series of lows and are
characterized by moderate to high intensity and flanked outwardly by lows that generally are
less intense and continuous. It is suggested that the sources of the southeast chain, which
is characterized by higher, steeper, and more asymmetric gradients, are shallower or more
massive than those that form the northwest chain and that these structures form interfaces
with surrounding rock units that dip at steeper angles. (Reference 2.5.1-319). The
northwestern gravity high follows the trend of the Blue Ridge Province whereas the
southeast gravity high follows the trend of the central Piedmont suture (RAI Figure 02.05.01-
17 Figure 1).The gravity highs parallel the structural fabric of the Appalachians and lie over
crystalline terrane. Deformation of the terrane is implied by the steep gradients and
discontinuous sharp outlines of anomalies (Reference 2.5.1-319)."

Attachments/Enclosures:

Attachment 02.05.01-17A.pdf: Figure 2.5.1-228 (Revised)

Attachment 02.05.01-17B.pdf: RAI 02.05.01-17 Figure 1

Attachment 02.05.01-17C.pdf: RAI 02.05.01-17 Figure 2
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NRC Letter No.: HAR-RAI-LTR-030

NRC Letter Date: October 14, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.01-18

Text of NRC RAI:

FSAR section 2.5.1.2.2, covers many topics about the geologic history of the site at the area
scale.

Specifically:

a) The FSAR (p. 2.5-65) states: "Amygdules in some of the dikes at current surface levels in the
site vicinity indicate that the dikes were intruded when the ancestral surface was less than about
300 m (1000 ft.) above the present surface. This association indicates that a major period of
erosion followed deposition of the original thicknesses of Triassic sediments, but occurred
before intrusion of the diabase dikes". Please explain in more detail how this interpretation is
made.

b) The FSAR (p. 2.5-66) states: "This episode of movement on the Harris fault and other faults;
the folding of the Triassic rocks to form the Colon cross structure and other, more minor folds;
and intrusion of diabase dikes all took place during Late Triassic-Jurassic time". Please provide
further explanation of the formation of these structures, where they are located with respect to
one another and how the age was determined.

c) The FSAR (p. 2.5-66) states: "Emplacement of a pluton of granitic rock a few miles east of
the site may have occurred late in the history of movement on the Jonesboro fault. The pluton is
expressed on the gravity map of the Triassic basin, on the aeromagnetic map, and in
sidelooking airborne radar (SLAR) imagery". Please provide further explanation of the pluton:
where is it on a map, what is the tectonic significance with respect to the Jonesboro fault.

d) The FSAR (p. 2.5-66) states: "Little movement took place on the Harris fault after intrusion of
the youngest dikes, which are Jurassic in age". Please provide clarification: what dikes are the
oldest and what dikes are the youngest.

e) FSAR Section 2.5.1.2.2, (p. 2.5-65 to 67) provides a discussion of the Mesozoic period at the
site geology scale. Please provide an integrated and straightforward explanation about the
evolution from Triassic basin sedimentation to burial and burial-metamorphism, to erosion, and
then Coastal Plain deposition. Please include appropriate references, currently there are none.

f) FSAR Section 2.5.1.2.2, (p. 2.5-67) states: "The depth of Jurassic burial was relatively great
or the burial spread over much of the Piedmont, because subsequent erosion of this material
and the underlying Piedmont and rejuvenated Appalachian rocks has furnished about 600
million cubic miles of sediment to the Coastal Plain, more than half of it Cretaceous in age".
Please provide a reference for this claim. This statement covers a lot of different geologic
'ground.' Distinguish the different sources for the Coastal Plain sediments and explain the basis
of the sequence of events: Jurassic age sediments, followed by Piedmont erosion, followed by
rejuvenated Appalachian rocks. Define Appalachian rocks.

g) FSAR Section 2.5.1.2.2, (p. 2.5-67) states: "Following the Jurassic metamorphic event,
erosion of large quantities of sediments from the Triassic basin resulted in deposition of great
quantities of Late Jurassic-Cretaceous marine sediments in the Coastal Plain....." and later
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"Since the Late Jurassic period, less than 300 m (1000 ft) of Triassic rocks have been eroded."

These statements seem to contradict each other, please clarify.

h) FSAR Section 2.5.1.2.2, (p. 2.5-67) states: "Because the Jonesboro and other faults do not
offset these materials, and to the north appear to offset only slightly a dike of Jurassic age, last
movement on the Jonesboro and Harris faults took place no more recently than the Late
Jurassic". This is an important conclusion and there are no references provided. Please provide
appropriate references.

i) FSAR Section 2.5.1.2.2, (p. 2.5-67) states: "Younger sediments associated with higher stands
of sea level, such as during the Cretaceous and Cenozoic, are preserved in some areas of the
site vicinity, and Quaternary terrace deposits occur along the Cape Fear River'. What are the
geologic units that are preserved in the site vicinity. Please indicate where they are on a map.
Are they located near any interpreted faults, folds or lineaments?

j) FSAR Section 2.5.1.2.2, (p. 2.5-67) states: "Possible [Pliocene or Pleistocene] faulting was
recognized at only one locality within the site vicinity, approximately 23 km (14 mi.) from the
HAR site where upland gravels of unknown age are thrust over metamorphic rocks [Reference
2.5.1-228]." Please provide more details about the "possible Pliocene or Pleistocene faulting".
What evidence, if any, constrains the age of the gravels?

PGN RAI ID #: H-0155

PGN Response to NRC RAI:

a) This statement is from the HNP FSAR and is based on secondary minerals found in the
dikes and the conditions necessary for the formation of these minerals. The following
summary from the HNP FSAR was used to make the interpretations about possible
thickness of Triassic basin sediment with respect to timing of formation of the dikes.
Secondary minerals formed in amygdules in the dikes include heulandite and harmotome,
which would form at temperatures of approximately 150 + 500 C. Ambient temperatures in
the sedimentary rocks at shallow depth of intrusion are suggested by undeformed
amygdules and crystal-lined open cavities in the dikes as being lower than 100°C (around
400C at 0.3 km with a 50°C/km geothermal gradient). Because there is no evidence of other
activity in this area since middle Mesozoic time, it is likely that the heat necessary for
hydrothermal solutions to produce these minerals came from the dikes. (Reference 2.5.3-
202) It is possible that some of these secondary minerals were formed during a later burial
metamorphic event, rather than by deuteric hydrothermal activity. If this is the case, then
continued downfaulting of the graben and sediment accumulation must have buried the
dikes much deeper than the level of crystallization. Assuming a high geothermal gradient
(50°C/km), a temperature of 1500C requires a depth of burial of almost three km; it would
have been necessary for this much overburden to have been removed since middle
Mesozoic time. The Jurassic burial-metamorphic event, more than 150 Ma, is the only such
event recorded in the dike rocks (as paleomagnetic chemical remanent magnetization
[CRM]).

b) The location of faults in the site vicinity, including the Harris fault and Colon cross-structure,
is shown on Figure 2.5.1-230 (Sheet 1) and Figure 2.5.1-215. The age of the Jonesboro,
Harris and other faults are constrained by detailed studies of the relationship of faulting to
dikes that cross and are offset by the fault, and by unfaulted Cretaceous sediments that
overlie the Jonesboro fault. The age of these structures is discussed in detail in Section
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2.5.1.2.4.1.1. The Colon cross-structure is a basement high that separates the Durham and
Sanford basins. Although the details regarding the evolution of the Colon cross-structure are
not well known, it likely formed from differential subsidence between the Durham and
Sanford basins. The slightly different lithologies occur on either side of the Colon cross-
structure suggest that the Colon structure may have acted as a barrier to sedimentation
(Reference 2.5.1-204). This suggests that the Colon cross structure formed early in the
history of movement along the Jonesboro fault.

c) The granitic pluton east of the Jonesboro fault that is referred to in the text is the Rolesville
Batholith, a granitic pluton formed in the late Paleozoic (Heller et al., 1998; Reference RAI
02.05.01-18 02). The batholith is interpreted to have been formed during a single pulse of
magmatism at around 298 Ma (Schneider and Sampson, 2001 in Raleigh 100k quadrangle
[NCGS, Reference 2.5.1-275]). The batholith lies to the east of the Nutbush Creek fault
zone, a Paleozoic mylonite shear zone, and has no clear association with the Jonesboro
fault. A label for the Rolesville Batholith will be added to Figure 2.5.1-230 (Sheet 1) and
Figure 2.5.1-237 in a future revision (see Attachment 02.05.01-08D and Attachment
02.05.01-211B1). The statement "Emplacement of a pluton of granitic rock a few miles east of
the site may have occurred late in the history of movement on the Jonesboro fault. The
pluton is expressed on the gravity map of the Triassic basin, on the aeromagnetic map, and
in sidelooking airborne radar (SLAR) imagery" was from the HNP FSAR. This statement will
be removed from the text in a future revision because more recent studies (Schneider and
Sampson, 2001 in Raleigh 100k quadrangle [NCGS, Reference 2.5.1-275]) indicate that the
Rolesville batholith was formed prior to movement on the Jonesboro fault.

d) The age of the dikes relative to movement on the Harris fault was determined through
petrographic and chemical work on the dikes completed for the HNP Unit 1 investigations.
Field evidence established that composite East Dike 2 was intruded during fault movement;
West Dike 3S was intruded after most movement had occurred, but before a final, minor
element of movement; and West Dike 3 was probably intruded early during movement and
offset about 3 m (10 ft.) left laterally (Figure 2.5.3-201). Detailed mapping of the diabase
dikes in relation to the Harris fault suggests the following sequence of events on the fault
(Reference 2.5.3-202): 1)Movement on the fault; 2) Intrusion of the easternmost dike
segment; 3) Continued movement along the fault; 4) Intrusion of the central dike segment;
5) Continued movement along the fault; 6) Intrusion of the westernmost dike segment; 7)
Minor continuing movement along the fault; 8) Crystallization of laumontite; 9) Final
movement on the fault; 10) Low-grade burial metamorphism, with crystallization of zeolites
harmotome and heulandite. Text describing these relationships will be deleted from FSAR
Section 2.5.3.2.1.2 and added to Section 2.5.1.2.2 in a future revision.

e) The text will be reorganized in a future revision for clarity. References will be added in a
future revision as noted in the revised text below.

f) The statement is from the HNP FSAR (Reference 2.5.1-202) and will be deleted in a future
revision. The text of Section 2.5.1.2.2 will be reorganized in a future revision for clarity.
Based on erosion and denudation rates (that incorporate physical and chemical weathering)
for the Appalachians and Piedmont, Pazzaglia (Reference 2.5.1-267) estimates 10 m/m.y. of
erosion and deposition onto the Coastal Plain.
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g) The first statement refers to large amounts of erosion occurring in the Triassic basin
primarily during the late Jurassic and Cretaceous. The second sentence (from the HNP
FSAR) should state "since the Cretaceous" rather than since late Jurassic period. The text
will be revised in a future revision to clarify this.

h) The timing of movement on the Harris and Jonesboro faults will be discussed in FSAR
Section 2.5.1.2.4.1.1 in a future revision. As part of the HNP Unit 1 FSAR investigations,
magnetic and reconnaissance surveys were conducted on diabase dikes and "cross-faults"
occurring along the Jonesboro fault in an effort to constrain the timing of faulting on the
Harris fault. None of the dikes mapped at these locations are continuous across the
Jonesboro fault, indicating that the amount of offset between dikes varies from 400 to 130 m
(1300 to 420 ft.). (Reference 2.5.1-202) The age of last movement on the Jonesboro fault is
bracketed between the intrusion of Late Triassic-Jurassic dikes and the deposition of the
overlying unfaulted Cretaceous marine sediments, between 180 and 135 Ma
(Reference 2.5.3-202; Reference 2.5.1-275).

i) Cretaceous and Cenozoic units preserved in the site vicinity are shown on Figure 2.5.1-230
(Sheet 1), and include the Cretaceous Cape Fear and Middendorf formations and the
Tertiary Castle Hayne and Duplin formations and younger terrace deposits. Unfaulted
Cretaceous Middendorf formation sediments cover the Jonesboro fault south of the town of
Sanford (Figure 2.5.1-230, Sheet 1) (Reference 2.5.1-202). Recent quadrangle geologic
mapping by the NCGS (Reference 2.5.1-275) did not show faulting in Cretaceous or
younger sediments. Additionally, no geomorphic features indicative of Quaternary
reactivation of faulting (e.g., scarps in post-Mesozoic deposits, offset geomorphic features,
vegetation lineaments) were noted during field and aerial reconnaissance conducted for this
study.

j) The fault is described by Parker (Reference 2.5.1-228 (Feature 150, Table 2.5.1-
201).(Figure 2.5.1-230, Reference 2.5.1-228, Reference 2.5.1-256) as a post-Cretaceous
fault, which displaces possible Pliocene/Pleistocene terrace deposits in a formerly exposed
railroad cut near the town of Banks (approximately 23 km [14 mi.] east of the HAR site). At
this location, which is now totally obscured by vegetation and slopewash, Parker observed a
southward-dipping, low-angle thrust fault that exhibited approximately 2.5 m (8 ft.) of dip-slip
displacement in pebbly sand terrace deposits of probable Pliocene or Pleistocene age
(Reference 2.5.1-228) (Feature 150, Figure 2.5.1-230). The terrace deposit is located on the
north side of Middle Creek. Although no evidence for age control is provided for this terrace,
Parker states that terrace and upland deposits in southern Wake county between the
elevations of approximately 67 to 82 m (220 to 270 ft) (e.g., the Brandywine terrace) are
thought to be of Pliocene or early Pleistocene age based on the work of Daniels et al. (1978,
p. 102) and that lower terraces, 3 to 6 m (10 to 20 ft) above the modern stream are likely of
later Pleistocene age (Reference 2.5.1-228). The locality described by Parker
(Reference 2.5.1-228) is at an elevation of approximately 94.5 m (310 ft). These terrace
deposits are not shown on the draft Raleigh 100k quadrangle dated 10/10/08.

Associated HAR COL Application Revisions:

The following changes will be made to HAR FSAR Chapter 2 in a future revision:

1. Revise FSAR Section 2.5.1.2.2 from:
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"This subsection presents an overview of the geologic history of the site area and vicinity.
The overall geologic history and tectonic framework of the region are outlined in
Subsections 2.5.1.1.2 and 2.5.1.1.4. A detailed discussion of the age of faulting within the
site vicinity is provided in Subsection 2.5.3.The following geologic history of the area around
the HAR site is summarized based on the HNP FSAR and more recent detailed studies
(e.g., Reference 2.5.1-202, Reference 2.5.1-204, Reference 2.5.1-220,
Reference 2.5.1-226, Reference 2.5.1-251, and Reference 2.5.1-332).

During the Late Proterozoic and Paleozoic, igneous and metamorphic rocks of the Carolina
zone and Raleigh slate belt were formed during convergence of the North American and
African continents (see Subsection 2.5.1.1.2). Many of these rocks have been folded and
faulted complexly.

Triassic extension between the North American and African plates resulted in reactivation of
some northeast-striking Paleozoic faults, including major structures associated with the
Deep River basin (i.e., the Jonesboro and Bonsal-Morrisville faults) (Reference 2.5.1-220).
Development and subsequent geologic evolution of the Deep River basin is outlined in the
following sequence, as described in the HNP FSAR (Reference 2.5.1-202) unless otherwise
noted.

During the early Mesozoic, rifting of the supercontinent Pangea created a series of
irregularly shaped half-graben along the Atlantic margin of North America, including the
Deep River basin [Reference 2.5.1-204]. Triassic subsidence of hanging walls of normal
faults and concurrent uplift of rift flanks produced half-graben that were filled with continental
fluvial and lacustrine sediments. Normal-type movement, along with a possible lateral
component on the Jonesboro fault, was initiated or reactivated at this time. Movement was
followed by deposition of Triassic sediments, which continued during progressive movement

on the Jonesboro and other longitudinal and cross faults. The Harris fault[3 ] was formed by
shallow-rooted movement as a complement to continuing deeper-rooted movement on the
Jonesboro and probably other trans-basin faults. Faulting in Triassic-Jurassic time was
accompanied by intrusion of diabase dikes.

During the Triassic, sediments accumulated in the rift basin, probably attaining a thickness
several thousand feet greater than what remains today and covering a much broader area.
The sediments were deposited as alluvial fans along faulted margins of the basin; as large
alluvial plains around meandering river systems; and as deltas, lacustrine deposits, and
paludal deposits [Reference 2.5.1-204]. The thick sedimentary package resulted in
consolidation of the deeper sediments and in the lithification of the remaining rocks.
Sedimentation may have ended before or near the Triassic-Jurassic boundary, with some
subsequent erosion of synrift sediments [Reference 2.5.1-220].

A second phase of extension that began during the Early Jurassic was oriented
differently from the Late Triassic extension, producing sets of north-south and northwest-
southeast faults and dikes and the intrusion of diabase sheets in the Durham subbasin
of the Deep River basin [Reference 2.5.1-220]. Amygdules in some of the dikes at
current surface levels in the site vicinity indicate that the dikes were intruded when the
ancestral surface was less than about 300 m (1000 ft) above the present surface. This
association indicates that a major period of erosion followed deposition of the original
thicknesses of Triassic sediments, but occurred before intrusion of the diabase dikes.

3. In the HNP FSAR, this fault is referred to as the Site fault. Wooten et al. (Reference 2.5.1-226) and
NCGS (Reference 2,5.1-275) refer to this fault as the Harris Fault, and that usage is adopted herein.
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Diabase dike intrusion at the site was contemporaneous with movement on the Harris
fault, although the Harris fault was active both before and after intrusion of the dikes.
Ages of the diabase dikes range from approximately 150 to approximately 225 Ma based
on remnant magnetization studies and from approximately 168 to approximately 260 Ma
based on potassium-argon (K/Ar) dating.

During the Triassic and Jurassic, movement on the Jonesboro fault was tensional, with a
component of right-lateral slip. Movement on the Harris fault was primarily tensional, with
a minor left-lateral component. This difference in styles resulted in a clockwise sense of
rotation between the two faults. This episode of movement on the Harris fault and other
faults; the folding of the Triassic rocks to form the Colon cross structure and other, more
minor folds; and intrusion of diabase dikes all took place during Late Triassic-Jurassic
time. Emplacement of a pluton of granitic rock a few miles east of the site may have
occurred late in the history of movement on the Jonesboro fault. The pluton is expressed
on the gravity map of the Triassic basin, on the aeromagnetic map, and in side-looking
airborne radar (SLAR) imagery.

After intrusion of the dikes, major movement continued on the Jonesboro fault south of
the site. Movement may have ended more quickly north of the site, because a dike,
probably of this period, appears to cross the Jonesboro fault with very little offset.
Alternately, the dike was emplaced during the last stages of movement on the fault. Little
movement took place on the Harris fault after intrusion of the youngest dikes, which are
Jurassic in age.

The development and timing of deformational events within the Deep River basin are
consistent with a regional model for the development and timing of rifting, drifting, and
basin inversion for Mesozoic basins along the eastern North American margin proposed
by Schlische et al. [Reference 2.5.1-333]. In this model, the initial period of rifting is
followed by a period of transition from rifting to drifting. Widespread magmatism and
shortening/inversion in Eastern North America are thought to be related to active
upwelling of the asthenosphere that culminated during the rift-drift transition. Inversion, a
common feature along volcanic passive margins, is associated with a change in the
strain state from (a) extension at a high angle to the margin during rifting to (b)
shortening at a high angle to the margin during drifting. The dikes that are oriented at a
high angle to the trend of the Deep River basin margin and the evidence for lateral slip
along the Harris fault may reflect this change in strain state associated with inversion.
Schlische et al. [Reference 2.5.1-333]

During later Jurassic time, the surface of Triassic sediments, which was only slightly
higher than the present surface, was buried under 600 - 2700 m (2000 - 9000 ft) of
sediments. This burial is suggested both by the regional low-grade metamorphic event
determined from chemical remnant magnetization of the dikes before 150 Ma and by the
crystallization of higher-temperature secondary minerals, including zeolites, in the gouge
of the Harris fault at that time. The range in possible depth of burial noted previously
reflects the lack of precise knowledge of the heat flow regime in the rocks at that time. If
a normal continental heat-versus-depth relationship is postulated to provide the
temperatures needed for crystallization of the secondary zeolite minerals, then the depth
of burial was great. However, if the continental crust was thin or absent at the time of
burial, higher temperatures would have existed under much shallower burial. The depth
of Jurassic burial was relatively great or the burial spread over much of the Piedmont,
because subsequent erosion of this material and the underlying Piedmont and
rejuvenated Appalachian rocks has furnished about 600 million cubic miles of sediment
to the Coastal Plain, more than half of it Cretaceous in age. Secondary minerals that
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crystallized in the fault gouge on the Harris fault are not cataclastically strained or
broken, suggesting that the fault has not moved since the Jurassic.

Following the Jurassic metamorphic event, erosion of large quantities of sediments from
the Triassic basin resulted in deposition of great quantities of Late Jurassic-Cretaceous
marine sediments in the Coastal Plain, extending inshore to points west of the basin.
Because the Jonesboro and other faults do not offset these materials, and to the north
appear to offset only slightly a dike of Jurassic age, last movement on the Jonesboro
and Harris faults took place no more recently than the Late Jurassic. Since the Late
Jurassic period, less than 300 m (1000 ft) of Triassic rocks have been eroded. It is
evident that groundwater levels at the dikes have never been lower than at present,
because secondary minerals in the diabase dikes and fault gouge could have been
preserved only below groundwater level.

During Cenozoic time, the area around the HAR site has been subject to erosion along
the passive continental margin. Streams continue to downcut through Triassic sediments
in many areas of the basin. Younger sediments associated with higher stands of sea
level, such as during the Cretaceous and Cenozoic, are preserved in some areas of the
site vicinity, and Quaternary terrace deposits occur along the Cape Fear River.

Cenozoic deformation in the site region consists of broad regional uplift and folding, the
Cape Fear arch being the most significant example of regional Cenozoic tectonism in the
study region [Reference 2.5.1-242]. Prowell and Obermeier note, however, that evidence
for neotectonism across the Cape Fear arch is difficult to evaluate because of the limited
distribution and thicknesses of post-Miocene strata. Cretaceous and post-Cretaceous
faulting is recognized in the region [Table 2.5.1-201], but there are no recognized
Quaternary faults in the site vicinity [Reference 2.5.1-258, Reference 2.5.1-259] [see
discussion in Subsection 2.5.1.1.4.2.5]. Possible [Pliocene or Pleistocene] faulting was
recognized at only one locality within the site vicinity, approximately 23 km (14 mi.) from
the HAR site where upland gravels of unknown age are thrust over metamorphic rocks
[Reference 2.5.1-228]."

To read:

"This subsection presents an overview of the geologic history of the site area and vicinity.
The overall geologic history and tectonic framework of the region are outlined in
Subsections 2.5.1.1.2 and 2.5.1.1.4. A detailed discussion of the age of faulting within the
site vicinity is provided in Subsections 2.5.1.2.4 and 2.5.3.The following geologic history of
the area around the HAR site is summarized in RAI 02.05.01-18 Figure 1 and is based on
the HNP FSAR and more recent detailed studies (e.g., Reference 2.5.1-202,
Reference 2.5.1-204, Reference 2.5.1-220, Reference 2.5.1-226, Reference 2.5.1-251, and
Reference 2.5.1-332).

During the Late Proterozoic and Paleozoic, igneous and metamorphic rocks of the Carolina
zone and Raleigh slate belt were formed during convergence of the North American and
African continents (see Subsection 2.5.1.1.2). In the site vicinity, these rocks comprise the
Carolina, Raleigh, and Spring Hope terranes (RAI Figure 02.05.01-03 Figure 1) (Reference
RAI 02.05.01-18 01). The three terranes are composed of Precambrian and Paleozoic
igneous and metamorphic rocks that underlie the Triassic Deep River basin sediments.
Exposures of late Proterozoic and Paleozoic rocks associated with this convergence are
exposed east of the Jonesboro fault in the area of the Nutbush Creek fault zone (Figure
2.5.1-230, Sheet 1). The site is located in the Carolina terrane, which is believed to
represent a long-lived, suprasubduction zone magmatic arc system (Reference RAI
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02.05.01-18 01). Igneous and metamorphic rocks of the Carolina, Raleigh, and Spring Hope
terranes are discussed in Section 2.5.1.2.3.1.

During the Alleghanian orogeny in the Late Carboniferous and earliest Permian, the site
vicinity was affected by the convergence of North America and Africa and their subsequent
suturing during a continent-to-continent collision (Reference 2.5.1-212). During this time, the
late Proterozoic to Paleozoic rocks and a number of younger intrusive rocks in the site
vicinity were subjected to regional greenschist to amphibolite facies metamorphism
(Reference RAI 02.05.01-18 02). Also'during this time, the Rolesville batholith was
emplaced, and late Paleozoic ductile mylonite zones, having dominantly right-lateral
strike-slip displacement, of the Nutbush Creek fault zone were formed (Figure 2.5.1-230,
Sheet 1) (Reference 2.5.1-251).

During the early Mesozoic, rifting of the supercontinent Pangea created a series of
irregularly shaped half-graben along the Atlantic margin of North America, including the
Deep River basin [Reference 2.5.1-204]. Triassic extension between the North American
and African plates resulted in reactivation of some northeast-striking Paleozoic faults,
including major structures associated with the Deep River basin (i.e., the Jonesboro and
Bonsal-Morrisville faults) (Reference 2.5.1-220). During the Triassic and Jurassic,
movement on the Jonesboro fault was tensional, with a component of right-lateral slip.
Movement on the Harris fault was primarily tensional, with a minor left-lateral component.
This difference in styles resulted in a clockwise sense of rotation between the two faults.
This episode of movement on the Jonesboro fault, Harris fault and other minor faults and
folds in the Durham basin was accompanied by intrusion of diabase dikes during Late
Triassic-Jurassic time (see Section 2.5.1.2.4.1.1). (Reference 2.5.1-202) The development
and timing of deformational events within the Deep River basin are consistent with a
regional model for the development and timing of rifting, drifting, and basin inversion for
Mesozoic basins along the eastern North American margin proposed by Schlische et al.
[Reference 2.5.1-333]. In this model, the initial period of rifting is followed by a period of
transition from rifting to drifting. Widespread magmatism and shortening/inversion in Eastern
North America are thought to be related to active upwelling of the asthenosphere that
culminated during the rift-drift transition. Inversion, a common feature along volcanic passive
margins, is associated with a change in the strain state from (a) extension at a high angle to
the margin during rifting to (b) shortening at a high angle to the margin during drifting. The
dikes that are oriented at a high angle to the trend of the Deep River basin margin and the
evidence for lateral slip along the Harris fault may reflect this change in strain state
associated with inversion. (Reference 2.5.1-333)

Development and subsequent geologic evolution of the Durham basin during the Triassic
and Jurassic is outlined in the following sequence:

Triassic subsidence of the Durham basin in the hanging wall of the Jonesboro fault and
concurrent uplift of the rift flank produced a half-graben that was filled with continental
fluvial and lacustrine sediments (Reference 2.5.1-202). The sediments were deposited
as alluvial fans along faulted margins of the basin; as large alluvial plains around
meandering river systems; and as deltas, lacustrine deposits, and paludal deposits
[Reference 2.5.1-204]. During the Triassic, sediments accumulated in the rift basin,
probably attaining a thickness several thousand feet greater than what remains today
and covering a much broader area (Reference 2.5.1-202). The thick sedimentary
package resulted in consolidation of the deeper sediments and in the lithification of the
remaining rocks (Reference 2.5.1-202). Sedimentation may have ended before or near
the Triassic-Jurassic boundary, with some subsequent erosion of synrift sediments
(Reference 2.5.1-220).
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A second phase of extension that began during the Early Jurassic was oriented
differently from the Late Triassic extension, producing sets of north-south and northwest-
southeast faults and dikes and the intrusion of diabase sheets in the Durham subbasin
of the Deep River basin [Reference 2.5.1-220]. Diabase dike intrusion at the site was
contemporaneous with movement on the Harris fault, although the Harris fault was
active both before and after intrusion of the dikes. Ages of the diabase dikes range from
approximately 150 to approximately 225 Ma based on remnant magnetization studies
and from approximately 168 to approximately 260 Ma based on potassium-argon (K/Ar)
dating. (Reference 2.5.1-202) Secondary minerals formed in amygdules in the dikes
include heulandite and harmotome, which would form at temperatures of approximately
150 + 500 C. Ambient temperatures in the sedimentary rocks at shallow depth of
intrusion is suggested by undeformed amygdules and crystal-lined open cavities in the
dikes as being lower than 100°C (around 400C at 300 m (1000 ft) with a 50°C/km
geothermal gradient).Because there is no evidence of other activity in this area since
middle Mesozoic time, it is likely that the heat necessary for hydrothermal solutions to
produce these minerals came from the dikes. (Reference 2.5.3-202) Amygdules in some
of the dikes at current surface levels in the site vicinity indicate that the dikes were
intruded when the ancestral surface was less than about 300 m (1000 ft) above the
present surface. This association indicates that a major period of erosion followed
deposition of the original thicknesses of Triassic sediments, but occurred before
intrusion of the diabase dikes. It is possible that some of these secondary minerals were
formed during a later burial metamorphic event, rather than by deuteric hydrothermal
activity. If this is the case, then continued downfaulting of the graben and sediment
accumulation must have buried the dikes much deeper than the level of crystallization.
Assuming a high geothermal gradient (50C/km), a temperature of 1500C requires a
depth of burial of almost three km; it would have been necessary for this much
overburden to have been removed since middle Mesozoic time. The Jurassic burial-
metamorphic event, more than 150 Ma is the only such event recorded in the dike rocks
(as paleomagnetic chemical remanent magnetization [CRM]). (Reference 2.5.1-202)

Petrographic and chemical studies on the dikes completed during the HNP siting
investigations provided a critical test for field observations concerning relative ages
of dikes and the Harris fault. Field evidence established that composite East Dike 2
was intruded during fault movement; West Dike 3S was intruded after most
movement had occurred, but before a final, minor element of movement; and West
Dike 3 was probably intruded early during movement and offset about 3 m (10 ft.) left
laterally (Figure 2.5.3-201). Observations where the Harris fault crosses East Dike 2
suggest that the fault is a minor, late contemporary feature to the Jonesboro fault.
(Reference 2.5.3-201) The Jonesboro fault is deeper and rooted in the crust,
whereas the Harris fault is likely rooted in the Triassic sediments
(Reference 2.5.3-202). Detailed mapping of the diabase dikes in relation to the Harris
fault suggests the following sequence of events on the fault (Reference 2.5.3-202):

* Movement on the fault.

* Intrusion of the easternmost dike segment.

" Continued movement along the fault.

" Intrusion of the central dike segment.
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" Continued movement along the fault.

* Intrusion of the westernmost dike segment.

* Minor continuing movement along the fault.

* Crystallization of laumontite.

* Final movement on the fault.

• Low-grade burial metamorphism, with crystallization of zeolites harmotome
and heulandite.

After intrusion of the dikes, major movement continued on the Jonesboro fault south
of the site. Movement may have ended more quickly north of the site, because a
dike, probably of this period, appears to cross the Jonesboro fault with very little
offset. Alternately, the dike was emplaced during the last stages of movement on the
fault. Little movement took place on the Harris fault after intrusion of the youngest
dikes, which are Jurassic in age. (Reference 2.5.1-202)

During later Jurassic time, the surface of Triassic sediments, which was only slightly
higher than the present surface, was buried under 600 - 2700 m (2000 - 9000 ft) of
sediments. This burial is suggested both by the regional low-grade metamorphic
event determined from chemical remnant magnetization of the dikes before 150 Ma
and by the crystallization of higher-temperature secondary minerals, including
zeolites, in the gouge of the Harris fault at that time. The range in possible depth of
burial noted previously reflects the lack of precise knowledge of the heat flow regime
in the rocks at that time. If a normal continental heat-versus-depth relationship is
postulated to provide the temperatures needed for crystallization of the secondary
zeolite minerals, then the depth of burial was great. Following the Jurassic
metamorphic event, erosion of large quantities of sediments from the Triassic basin
and west of the basin resulted in deposition of great quantities of Late Jurassic-
Cretaceous marine sediments in the Coastal Plain. (Reference 2.5.1-202)

During Cenozoic time, the area around the HAR site has been subject to erosion along the
passive continental margin. Streams continue to downcut through Triassic sediments in
many areas of the basin. Younger sediments associated with higher stands of sea level,
such as during the Cretaceous and Cenozoic, are preserved in some areas of the site
vicinity (Figure 2.5.1-230, Sheet 1), and Quaternary terrace deposits occur along the Cape
Fear River. (Reference 2.5.1-202) Cretaceous and Cenozoic units preserved in the site
vicinity are shown on Figure 2.5.1-230 (Sheet 1), and include the Creataceous Cape Fear
and Middendorf formations and the Tertiary Castle Hayne and Duplin formations and
younger terrace deposits (Reference 2.5.1-202). These Coastal Plain sediments were
deposited during transgressive-regressive cycles caused by eustatic sea level fluctuations
(see Section 2.5.1.1.3.3) (Reference 2.5.1-235).

Cenozoic deformation in the site region consists of broad regional uplift and folding, the
Cape Fear arch being the most significant example of regional Cenozoic tectonism near the
site vicinity [Reference 2.5.1-242]. Prowell and Obermeier note, however, that evidence for
neotectonism across the Cape Fear arch is difficult to evaluate because of the limited
distribution and thicknesses of post-Miocene strata. A discussion of the Cape Fear arch is
provided in Section 2.5.1.1.4.2.4. Cretaceous and post-Cretaceous faulting is recognized in
the region [Table 2.5.1-201], but there are no recognized Quaternary faults in the site vicinity
[Reference 2.5.1-258, Reference 2.5.1-259] [see discussion in Subsection 2.5.1.1.4.2.5].
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Possible [Pliocene or Pleistocene] faulting was recognized at only one locality within the site
vicinity, approximately 23 km (14 mi.) from the HAR site where upland gravels of unknown
age are thrust over metamorphic rocks [Reference 2.5.1-228]. This feature is discussed in
more detail in Section 2.5.1.2.4.3."
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NRC Letter No.: HAR-RAI-LTR-030

NRC Letter Date: October 14, 2008

NRC Review of Final Safety Analysis Report

NRC RAI #: 02.05.01-19

Text of NRC RAI:

FSAR Section 2.5.1.2.3.2 provides a lengthy discussion of the Triassic rock at the scale of site
area geology.

a) The document does not contain a stratigraphic column or a correlation chart. The Regional
stratigraphic column, Figure 2.5.1-208, is outdated and needs revision with respect to material
covered in the FSAR text. Please develop a set of panels (conceptual if that is all you have) that
includes the Coastal Plain Section, Triassic formations and lithofacies assoc., and the rocks of
the Piedmont province. Since the most important portion of the stratigraphy deals with Triassic
rock, illustrate the relationship from Newark Supergroup through the Chatham Formation at the
Deep River basin scale to Lithofacies association at the Durham basin local scale.

b) The FSAR presents 2 completely different types of stratigraphy for the Triassic basin rock: a
classic lithostratigraphic description of formations and a recently completed Lithofacies
association. The formation discussion relates associations across subbasins and also provides
the dimension of depth and time into consideration. The lithofacies approach does not describe
either the aspect of depth or time. Does the lithofacies as mapped reflect the paleo-environment
of deposition at the end of the Jurassic? Please provide further explanation about the
relationship between the two types of analysis.

c) FSAR Section 2.5.1.2.3.2.4 (p. 2.5-73) states that the Triassic basin sediments at the site are
variable both laterally and with depth and that this is due to the mechanisms of deposition of the
Triassic basin environment. The geologic mapping of NCGS indicates that the HAR is sited on
their Lithofacies association II which is a meandering fluvial system flowing into a deltaic and
lacustrine environment (FSAR Figure 2.5.1-233). This paleo-environment would likely produced
variable sediment types that change abruptly in the lateral dimension but would not typically
have steeply dipping strata. The FSAR refers the reader to cross sections of rock that show
inclined lithologic layers that are dipping about 14 degrees when vertical exaggeration is taken
into account.

1. How does the interpretation in these cross sections integrate with the geologic lithofacies
association completed by NCGS?

2. At what depths would you expect to encounter the contact between Lithofacies
association II and Lithofacies association I and IIl?

3. How would you explain the dipping strata in the FSAR cross sections, and changing
lithology with respect to shear wave velocity measurements taken for geotechnical
evaluations?

d) FSAR Section 2.5.1.2.3.24 (p. 2.5-73) states: "Thicknesses of individual strata or beds
typically range from a few centimeters (few inches) to several meters (tens of feet). Although the
beds are variable in thickness and extent, the beds typically transition compactly into one
another and typically exhibit no structural weakness." Explain how you evaluated the presence
or absence of structural weakness and what do you mean by transition compactly.
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PGN RAI ID #: H-0156

PGN Response to NRC RAI:

a) The regional stratigraphic column shown on Figure 2.5.1-208 will be replaced in a future
revision with several new figures that illustrate the ages and correlation of geologic units in
the site region. These will include a map showing the ages of lithotectonic units in the
Appalachian orogen (RAI 02.05.01-3 Figure 3), a correlation chart for the Triassic Deep
River basin sediments (RAI 02.05.01-19 Figure 1) and RAI 02.05.01-5 Figures 1 and 3
showing the stratigraphy of the Coastal Plain sediments.

b) The discussion of the two types of stratigraphic nomenclature and mapping in Section
2.5.1.2.3.2 will be revised and reorganized. A long history of investigations in'the Deep River
basin has led to a stratigraphic nomenclature that varies based on location. Stratigraphic
units previously used in defining and mapping the Deep River basin were based on studies
in the Sanford basin, and included the Sanford, Cumnock, and Pekin formations of the
Chatham Group. As discussed by Bain and Brown (Reference 2.5.1-334), Triassic
sediments differ appreciably among the Durham, Sanford, and Wadesboro subbasins of the
Deep River basin, and the stratigraphic divisions used in the Sanford subbasin are not
applicable to the Durham basin. Bain and Harvey (Reference RAI 02.05.01-19 01) noted
that lateral correlation of stratigraphic units in the Durham basin is complicated by the rapid
facies changes and extensive faulting which has placed units of different ages in
juxtaposition. Without age control from fossil or faunal information, correlations of units
based strictly on lithologies may be erroneous. Bain and Harvey (Reference RAI 02.05.01-
19 01) proposed the first map units internal to the Durham basin, based on depositional
facies (RAI 02.05.01-19 Figure 2). Clark et al. (Reference 2.5.1-204), following the detailed
mapping of Hoffman and Gallager (Reference RAI 02.05.01-19 02), which recognized 7
lithofacies in the Durham basin, developed lithofacies associations for Triassic sediments in
the Durham basin based on both lithology and depositional environment in an attempt to
define map units that could be correlated across the entire Deep River Basin. A correlation
chart showing the relation of the formations of the Chatham Group in the Deep River Basin
to the lithofacies associations from Clark et al. (Reference 2.5.1-204) for the Durham basin
is shown in RAI 02.05.01-19 Figure 1. The lithofacies associations have been used to map
the Durham basin; however without further studies, the lithofacies associations of Clark et
al., developed for the Durham basin (Revised Figure 2.5.1-233), are not correlative to the
Pekin, Sanford, or Cumnock formations described in the Sanford basin.

The lithofacies associations as mapped portray the depositional environment during the
Triassic. The lithofacies distribution reflects deposition in the Deep River basin in response
to uplift and erosion along the margins of the basin. Thus, the coarse fanglomerate of
Lithofacies Association I exposed along the border faults of the basin that was formed
during periods of uplift is older than the finer grained sediments that have been eroded to fill
the basin.

In addition to reorganization of FSAR Section 2.5.1.2.3.2, text will be added to Section
2.5.1.2.3.1 in a future revision to discuss in more detail the lithotectonic terranes exposed in
the site vicinity and the Precambrian and Paleozoic igneous and metamorphic rocks that
make up the terranes.

c) 1) The lithologies observed in the borings at the site are consistent with Lithofacies
Association II, which is a meandering fluvial system flowing into a deltaic and lacustrine
environment. The inclined units shown in the cross sections likely indicate post-depositional
structural dip and do not reflect the bedding orientations at the time of deposition. 2) The
contacts between Lithofacies Associations 1, 11, and III are interfingering and reflect tectonic
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and climatic influences; it is therefore not appropriate to estimate a depth to contacts below
the site. 3) Shallower dips at HAR 2 and steeper dips at HAR 3 may be due to intrabasinal
faulting and folding that result in differing dips.

d) This sentence will be removed from the FSAR text. FSAR Section 2.5.4.1.1 presents a
summary of subsurface conditions at the HAR sites, and Section 2.5.4.1.3 describes zones
of alteration and structural weakness as related to geotechnical performance of the HAR
facilities. As described in those sections, weak rock and clay seams were encountered in
isolated, thin intervals below the top of sound rock, typically oriented with bedding planes.
The properties of these features as related to HAR foundation performance are considered
in FSAR Section 2.5.4.10. Further consideration of these features as related to lateral earth
pressures, sliding resistance, and bearing capacity are being prepared in response to RAI
02.05.04-8.

Associated HAR COL Application Revisions:

The following changes will be made to HAR FSAR Chapter 2 in a future revision:

1. Revise FSAR Sections 2.5.1.2.3.1 and 2.5.1.2.3.2 from:

2.5.1.2.3.1 Precambrian and Paleozoic Igneous and Metamorphic Rocks

Precambrian and Paleozoic igneous and metamorphic rocks of the Raleigh belt and
Carolina slate belt underlie Triassic sediments in the site vicinity and are exposed both east
and west of the Triassic Deep River basin sediments (Figure 2.5.1-231). Igneous rocks
include granite and metamorphosed granite, gabbro, diorite, diabase dikes and sills, and
meta-ultramafic rocks (Reference 2.5.1-208). Metamorphosed rocks of the Carolina slate
belt in the site vicinity include metamudstone; meta-argillite; and metavolcanic rocks
(metamorphosed tuff, basalt, andesite, dacite, rhyolite, and volcaniclastic sediments).
Metamorphic rocks of the Raleigh belt in the site vicinity include amphibolite, biotite gneiss
and schist, mica schist, felsic mica gneiss, phyllite, and schist. (Reference 2.5.1-208) These
units are described on Figure 2.5.1-231.

Excavations at the Main Dam south of the Jonesboro fault (Figure 2.5.1-231) during
construction of the HNP encountered granite, hornblende-mica gneiss, mica schist, and
layered quartz-feldspar gneiss (Reference 2.5.1-331). These rocks are described in Ebasco
Services, Inc., as follows (Reference 2.5.1-331):

Granites exposed at the Main Dam are composed predominantly of feldspar (orthoclase
and plagioclase) and quartz, with minor amounts of biotite, chlorite, muscovite, and
pyrite. They are light gray when fresh, creamy white when slightly weathered and tan or
buff when moderately to highly weathered. The granites are commonly foliated, although
foliation is weak or absent in places. In many places, they are interlayered with intricately
folded mica-schist and/or hornblende-mica gneiss. Xenoliths of hornblende gneiss occur
in the granite, especially where foliation is weak or absent. Much of the highly foliated
granite appears to contain indistinct compositional layering. Hornblende-mica gneiss
exposed at the main dam is a hard, strong, medium- to fine-grained rock composed of
hornblende with subordinate amounts of plagioclase and biotite. Chlorite and pyrite are
common accessory minerals. It is gray to black when fresh, bluish or greenish gray when
slightly weathered, and rusty brown when moderately weathered. Mica schist occurs as
complexly folded layers 0.03 cm to 3 m (0.01 to 10 ft) thick within the granite and as thin
layers along joint surfaces within the hornblende-mica gneiss. The schist is soft to
moderately hard, weak to moderately strong, moderately weathered, fine grained, highly
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fissile, and composed predominantly of chlorite, biotite, and amphibole. Schist layers
contain abundant quartz. Layered quartz-feldspar gneiss is light gray to dark brown, fine-
to medium-grained, moderately hard, moderately strong, and slightly to moderately
weathered. It is characterized by intimate interlayering of gneissic rock composed mostly
of quartz and feldspar with schistose rock composed of biotite and muscovite or, less
commonly, hornblende and mica. Individual layers are from 0.03 cm to 3 m (0.01 to 3 ft.)
thick. The higher quartz content of the gneiss distinguishes it from rocks mapped as
granite. Orientation of foliation and compositional layering in rocks of the Main Dam area
is highly variable due to the highly complex nature of the folding these rocks have
undergone. These rocks appear to have undergone several periods of folding with
isoclinal folding predominating.

2.5.1.2.3.2 Triassic Sedimentary Rocks of the Chatham Group

Triassic sedimentary rocks of the Deep River basin are part of the Chatham Group of the
Newark Supergroup (Reference 2.5.1-204). These rocks have been studied for many years,
including a detailed description of the sediments for siting of the HNP (Reference 2.5.1-202).
In the Deep River basin, the Chatham Group consists of varying amounts of conglomerate,
sandstone, siltstone, claystone, shale, and coal, and small amounts of limestone, chert, and
gypsum. More recently, detailed stratigraphic and paleontologic studies were performed in
the Deep River basin, leading to a new nomenclature by which Triassic sediments in the
Durham basin were described as lithofacies rather than formations (Reference 2.5.1-204).
Geologic units included in the lithofacies are being used in recent unpublished geologic
quadrangle mapping by the North Carolina Geological Survey and are used in this report
(Reference 2.5.1-275). The sediments of the Deep River basin are composed largely of
debris from nearby pre-Triassic metamorphic and igneous rocks; in places the sediments
contain much debris from nearby granite intrusive bodies. These sediments were deposited
as alluvial fans, stream channel and floodplain deposits, and lake and swamp deposits
(Reference 2.5.1-202, Reference 2.5.1-204). Although some of the Triassic sediments are
described as "arkosic" or "feldspathic," few contain sufficient feldspar (25 percent) to be true
arkoses; the terms are used to refer to any rock that has an appreciable quantity of feldspar
(at least enough to be readily recognized in a hand specimen). The alluvial fans, angularity
of sand grains, poor sorting of fines, size of boulders in fanglomerates, and freshness of
feldspar in the Durham basin sediments all suggest short transport distances from a nearby
source to a valley floor or graben, similar to a setting in the modern Basin and Range
province. Paleocurrent data suggest a source to the northeast. (Reference 2.5.1-334)

Triassic sediments differ appreciably among the Durham, Sanford, and Wadesboro
subbasins of the Deep River basin. Without further studies, the lithofacies associations of
Clark et al., developed for the Durham basin (Figure 2.5.1-233), are not correlative to the
Pekin, Sanford, or Cumnock formations described in the Sanford basin
(Reference 2.5.1-204). Triassic sediments in the Durham basin have been divided into the
three lithofacies associations described by Clark et al., which are represented on
Figure 2.5.1-231 as unpublished geologic mapping by the North Carolina Geological Survey
and are depicted on Figure 2.5.1-233 (Reference 2.5.1-204). The lithofacies associations for
Triassic sediments in the Deep River basin as described by Clark et al. and Hoffman are
described in the following subsections (Reference 2.5.1-204, Reference 2.5.1-335).
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2.5.1.2.3.1 Lithofacies Association I

Lithofacies Association I includes the unit Trcs/sil (sandstone with interbedded siltstone). It
consists of pinkish gray to light gray, fine- to medium-grained, micaceous arkoses and lithic
arkoses; pale red, muddy, fine-grained sandstones; and reddish-brown, bioturbated
siltstones and mudstones. Fine-grained biotite and very fine-grained heavy minerals are
distinctive to this lithofacies. The lithofacies is interpreted as originating from sandy, braided
channel belts intercalated within thick sequences of heavily bioturbated siltstones,
mudstones, and fine-grained sandstone lenses representing vegetated flood basin facies.
Sandstone sequences occur as 1- to >5-m- (3- to >16.4-ft.-) thick cosets of trough cross
beds that fine upward. Finer-grained siltstones and mudstones are bioturbated extensively
and locally contain thin zones of carbonate nodules, zones of ferric concentration, and
possible paleosols.

2.5.1.2.3.2 Lithofacies Association II

Lithofacies Association II consists of sandstone with interbedded siltstone (Trcs/si2) and
siltstone with interbedded sandstone (Trcs/s). An arbitrary dividing point of 50 percent
sandstone versus siltstone is used to differentiate these two units. These deposits are
interpreted as originating from a meandering fluvial system flowing into a deltaic and
lacustrine depositional environment. Trcs/si2, which underlies the HAR site
(Figure 2.5.1-231, Sheet 1), consists of cyclical depositional sequences of whitish yellow to
grayish pink to pale red, coarse- to very coarse-grained, trough cross-bedded lithic arkoses
that fine upward through yellow to reddish brown siltstone that is burrowed and rooted
(Figure 2.5.1-234). Exposures typically are highly weathered. Bioturbation usually is
surrounded by greenish blue to gray reduction halos. Trcs/si2 represents lateral aggradation
of a point bar within a meandering stream surrounded by a vegetated floodplain. It contains
abundant potassium feldspar and muscovite and is very coarse grained, suggesting a
granitic source area. Trcsi/s consists of reddish-brown, extensively bioturbated,
muscovite-bearing siltstone interbedded with tan to brown, fine- to medium-grained,
muscovite-bearing arkosic sandstone, and is usually less than 1 m (3 ft.) thick. Siltstones
contain abundant calcite nodules interpreted as caliche, which typically are surrounded by
greenish blue to gray reduction halos. Trcsi/s represents fluvial deposits combined with
locally developed, aerially limited, ephemeral, shallow, freshwater lakes. This unit may
represent a localized lowland away from the primary fluvial belt or a change to muddier
conditions in later stages of deposition. The unit contains abundant vertebrate and
invertebrate fossils, including plants, clams, crayfish, fish, reptile teeth, and abundant
coprolites.

2.5.1.2.3.3 Lithofacies Association III

Lithofacies Association III consists of sandstone (Trcs), pebbly sandstone (Trcsc),
sandstone with interbedded conglomerate (Trcs/c), and conglomerate (Trcc). In the
southern Durham basin, the sandstone and pebbly sandstone are combined into Trcs. This
lithofacies is interpreted as an alluvial fan complex. Interbedded sandstone and pebbly
sandstone of Trcs consist of reddish brown to dark brown, irregularly bedded to massive,
poorly to moderately sorted, medium- to coarse-grained, muddy lithic arkoses with
occasional matrix-supported granules and pebbles. Trcs represents deposition in broad
shallow channels incised into muddy flats; the muddy, matrix-supported sandstones may
represent distant debris flows or hyperconcentrated flows. Sandstone with interbedded
conglomerate of unit Trcs/c consists of reddish brown to dark brown, irregularly bedded,
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poorly sorted, coarse-grained to pebbly, muddy lithic sandstones with interbedded pebble to
cobble conglomerate. Trcs/c represents deposition in broad shallow channels by streams
carrying high sediment concentrations or by debris flows. Conglomerates of unit Trcc consist
of more than 50 percent reddish brown to dark brown, irregularly bedded, poorly sorted,
cobble to boulder conglomerates. These conglomerates represent debris flow and channel
deposits associated with alluvial fans developed along the Jonesboro fault scarp.
Topography in Trcs/c and Trcc generally is steep and rugged, and in some cases the strikes
of parallel ridges and first-order drainages parallel the strike of bedding.

2.5.1.2.3.2.4 Sedimentary Formations of Deep River Basin

Sedimentary beds in the Triassic bedrock underlying the HNP site and adjacent areas range
in thickness from several centimeters (a few inches) to a maximum of about 6 m (20 ft.); the
beds are commonly lenticular (Reference 2.5.1-202). Triassic sediments are covered by
overburden that is partly residual and partly transported. In upland areas, the overburden
consists of residual yellow, sandy clay and sandy loamy soil derived from the weathering of
underlying rock. This soil is usually only 0.6 - 2 m (2 - 6 ft.) thick, but in areas of erosion,
most of it has been removed by running water. In stream valleys and bottoms, yellow,
sandy, clayey alluvium often has accumulated to thicknesses of from 0.6 - 1.2 m (2 - 4 ft.)
to as much as 3 - 3.7 m (10 - 12 ft.). Beneath this overburden, the Triassic sedimentary
rocks usually are dense, compact, and only slightly weathered, with a variably developed,
thin saprolite zone. In some areas, the Triassic rocks are overlain by younger sedimentary
rocks. (Reference 2.5.1-202)

The sedimentary rocks of the Deep River basin previously were divided into three units,
which from oldest to youngest are the Pekin, Cumnock, and Sanford formations. The Pekin
and Sanford formations are dominated by fluvial and alluvial fan deposits; the Cumnock
Formation is dominated by lacustrine and paludal (swamp) deposits (Reference 2.5.1-204).
The Pekin and Sanford formations are mostly red, brown, or purple siltstone; claystone;
shale; sandstone; conglomerate; and fanglomerate. The Cumnock Formation consists of
gray and black claystone, shale, siltstone, fine-grained sandstone, and two beds of coal.
The following descriptions of the units were excerpted from the HNP FSAR
(Reference 2.5.1-202).

The Pekin Formation, oldest of the three Triassic formations in the Deep River basin, lies
unconformably on pre-Triassic metamorphic and igneous rocks and crops out in a
narrow belt one to three miles wide along the northwestern side of the basin. In general,
the Pekin Formation is not particularly well exposed in the Deep River basin and
knowledge of its lithologic character is based on the examination of many small,
scattered outcrops. The best exposures of this formation occur in the Wadesboro
Triassic basin near the town of Pekin, Montgomery County, for which it is named. The
total thickness of exposed rocks in the Pekin Formation is from 550 to 1200 m (1800 to
4000 ft). At the southern end of the Durham basin, the thickness is approximately 1,000
m (3,000 ft). Practically all the rocks in this formation are red, brown, or purple. In
general, they are medium- to fine-grained clastic rocks consisting of claystone, shale,
siltstone, and sandstone, with a few beds of conglomerate and fanglomerate near the
base of the formation. The eastern limits of the Pekin Formation are well to the
northwest of the plant site; therefore, rocks of this formation are of no importance at the
site.

The Cumnock Formation lies conformably on the Pekin Formation and crops out in a
narrow belt in the southern end of the Durham basin. It consists of gray and black
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claystone, shale, siltstone, fine-grained sandstone, and two beds of coal. The formation
was named for the Cumnock coal mine where 140 m (460 ft) of strata were exposed in
the shaft. In the southern part of the Durham basin, the Cumnock Formation is only a
few hundred feet in thickness and width of outcrop. The northernmost outcrop mapped
by Reinemund is about one mile southwest of Merry Oaks in Chatham County. The
formation lies well to the southwest of the plant site.

The Sanford Formation was named for the town of Sanford, which lies in a belt where
this formation is more than 16 km (10 mi.) wide. It lies conformably on the Cumnock
Formation in the Durham and Sanford basins, but apparently lies unconformably on the
Pekin Formation in the Colon cross structure, where the Cumnock Formation is missing.
The Sanford Formation is more than 900 m (3000 ft) thick in the Sanford basin and 600
- 900 m (2000 - 3000 ft) thick in the southern edge of the Durham basin. It borders the
southeastern edge of the Deep River basin throughout most of its length and reaches a
width of several miles in the Sanford basin and the southern part of the Durham basin.
Rocks of the Sanford Formation underlie almost two-thirds of the southern half of the
Deep River Triassic basin, including the plant site. The Sanford Formation is composed
of clastic sediments consisting of claystone, shale, siltstone, sandstone, conglomerate,
and fanglomerate, more than three-fourths of which are red, brown, or purple; the
remainder is various shades of gray. In the Durham basin, rocks of the upper part of the
Sanford Formation, consisting of conglomerate and fanglomerate, are exposed in a zone
one to two miles wide along the eastern and southeastern side of the basin adjacent to
the Jonesboro fault. Between the zone of conglomerates and fanglomerates and the
zone of rocks of Pekin age along the western and northwestern side of the basin, fine-
grained sediments of the lower part of the Sanford Formation, consisting of shale,
siltstone, and sandstone, are present. The HAR Site is located in this area of fine-
grained sediments. The sediments of the Sanford Formation underlying the plant site
and much of the southeastern part of the Durham basin were deposited as alluvial fans
and stream channel and flood plain deposits. These materials are characterized by
abrupt changes in composition and texture, both horizontally and vertically. They contain
few distinctive beds and subdivisions that are consistently mappable. The beds vary in
thickness from less than an inch to a maximum of 4.5 -6 m (15- 20 ft). As a result,
exposures only a few feet apart may vary considerably in texture and composition.
Notwithstanding these variations in composition and texture, the beds and lenses
interfinger and overlap into compact masses that show no structural weakness. Because
the rocks dip gently to the southeast, the plant is not founded on any single layer. Layers
of fine to medium sandstone are the most common foundation rock.

Bedrock at the HAR sites consists predominantly of reddish-brown siltstone and
sandstone, as discussed in detail in Subsection 2.5.4.1. Cross sections of rock.
stratigraphy at the HAR 2 site are shown on Figures 2.5.4-204A and 2.5.4-204B, and for
the HAR 3 site, on Figures 2.5.4-205A and 2.5.4-205B. Subordinate amounts of shale
and conglomerate also were rarely encountered. Rock is typically sound and fresh below
the nuclear island basemat grade (elevation 67.1 m [220 ft.] amsl) at both HAR sites,
although some isolated intervals of fractured rock and clay layers are present.

As a result of the mechanisms of deposition of the Triassic basin sediments, the
continuity of individual rock strata at the site is variable both laterally and with depth.
Fine-grained sandstone and siltstone strata are commonly traceable in boreholes across
the extents of the HAR 2 and HAR 3 footprints. Other strata, such as coarse-grained
sandstone deposits associated with stream deposition, exhibit more lateral variability.
Thicknesses of individual strata or beds typically range from a few centimeters (few
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inches) to several meters (tens of feet). Although the beds are variable in thickness and
extent, the beds typically transition compactly into one another and typically exhibit no
structural weakness.

2.5.1.2.3.2.5 Stratigraphy in Sears No. 1 Well and Groce No. 1 Well

There are only two deep wells in the Deep River basin that can provide direct information on
the deeper stratigraphy within the basin (Figure 2.5.1-230). Only one, the Chevron U.S.A.,
Inc., Groce No. 1 well, an exploratory oil well, extends through the entire Triassic section
into the underlying basement. Basement was encountered in this well at a depth of 1550 m
(5100 ft.) (Reference 2.5.1-334).

The second well, the Sears No. 1 well, was drilled in 1976 by the North Carolina and United
States geological surveys near New Hill, approximately 5.6 km (3.5 mi.) north-northeast of
the site. This well, completed in Triassic rift sediments, was drilled to a depth of 1142 m
(3746 ft.), with cuttings sampled every 1.5 m (5 ft.) (Reference 2.5.1-334). Triassic strata
exposed in the borehole are, from bottom to top, a basal argillite-greywacke-conglomerate
facies at least 122 m (400 ft.) thick; a 670 m (2198 ft.) thick sequence of massive mudstone,
argillite, and quartz conglomerate facies; and a 640 m (2100 ft.) thick sequence of arkosic
sandstone, siltstone, and mudstone (Reference 2.5.1-334). The lower 640 m (2100 ft.) of the
Sears No. 1 and Groce No. 1 wells may be correlative to parts of the Pekin Formation,
although neither the coal-bearing interval of the Cumnock Formation nor the Sanford
Formation is seen in the Sears No. 1 well (Reference 2.5.1-334). Similarity in the Pekin
Formation sediments found in the two wells suggests similar depositional environments in
the Durham and Sanford areas during Pekin time. Following this time, a stable, swampy,
reducing environment of low sediment volume existed in the Sanford area; the New Hill area
experienced higher energy that created channel sands and point bars in an alluvial fan
setting (Reference 2.5.1-334).

To read:

"2.5.1.2.3.1 Precambrian and Paleozoic Igneous and Metamorphic Rocks

Three distinct lithotectonic terranes are exposed in the site vicinity. The Carolina terrane,
Raleigh terrane, and Spring Hope terrane are within the eastern portion of the Piedmont
physiographic province defined as the Carolina zone (RAI 02.05.01-03 Figure 1) (Reference
RAI 02.05.01-19 03). The three terranes are composed of Precambrian and Paleozoic
igneous and metamorphic rocks that underlie the Triassic Deep River basin sediments. The
Carolina terrane is the largest in the Carolina zone and is exposed largely to the west of the
site, underlying sediments of the Deep River basin (RAI Figure 02.05.01-03 Figure 2). The
Carolina terrane is made up of four metavolcanic-dominated sequences that extend for
more than 500 km from central Virginia to Georgia (Reference RAI 02.05.01-19 03).
Metamorphosed rocks of the Carolina terrane in the site vicinity include metamudstone;
meta-argillite; and metavolcanic rocks (metamorphosed tuff, basalt, andesite, dacite,
rhyolite, and volcaniclastic sediments) (Reference 2.5.1-208). The Carolina terrane is
separated from the Raleigh and Spring Hope terranes by the Nutbush Creek fault zone (RAI
Figure 02.05.01-03 Figure 2). The Raleigh terrane is to the east of the site and is bounded
to the west by a distinct, elongate body of strongly lineated granitoid orthogneiss in the
Nutbush Creek fault zone (Figure 2.5.1-230) (Reference RAI 02.05.01-19 03). The
metamorphic rocks of the Raleigh terrane in the site vicinity include amphibolite, biotite
gneiss and schist, mica schist, felsic mica gneiss, phyllite, and schist (Reference 2.5.1-208).
The Raleigh terrane is truncated to the southeast and juxtaposed against the Spring Hope



Enclosure 1 to NPD-NRC-2008-095
Page 56 of 61

terrane by the Macon fault zone (Reference RAI 02.05.01-19 03). The Spring Hope terrane
is bounded by the Nutbush Creek fault zone to the west and the Hollister fault zone to the
east (Reference RAI 02.05.01-19 03). The Spring Hope terrane is dominantly composed of
greenschist facies metavolcanic rocks and associated metaplutonic and metasedimentary
rocks (Reference RAI 02.05.01-19 03). There is some controversy distinguishing the
Raleigh terrane from the Spring Hope terrane; however, it is generally accepted that the
biotite gneiss (620 Ma) is considered part of the Raleigh terrane, whereas younger dated
rocks (590 and 544 Ma) metavolcanic rocks are part of the Spring Hope terrane (RAI Figure
02.05.01-03 Figure 2) (Reference RAI 02.05.01-19 03).

Excavations at the Main Dam south of the Jonesboro fault (Figure 2.5.1-231) during
construction of the HNP encountered granite, hornblende-mica gneiss, mica schist, and
layered quartz-feldspar gneiss (Reference 2.5.1-331). These rocks are described in Ebasco
Services, Inc., as follows (Reference 2.5.1-331):

Granites exposed at the Main Dam are composed predominantly of feldspar (orthoclase
and plagioclase) and quartz, with minor amounts of biotite, chlorite, muscovite, and
pyrite. They are light gray when fresh, creamy white when slightly weathered and tan or
buff when moderately to highly weathered. The granites are commonly foliated, although
foliation is weak or absent in places. In many places, they are interlayered with intricately
folded mica-schist and/or hornblende-mica gneiss. Xenoliths of hornblende gneiss occur
in the granite, especially where foliation is weak or absent. Much of the highly foliated
granite appears to contain indistinct compositional layering. Hornblende-mica gneiss
exposed at the main dam is a hard, strong, medium- to fine-grained rock composed of
hornblende with subordinate amounts of plagioclase and biotite. Chlorite and pyrite are
common accessory minerals. It is gray to black when fresh, bluish or greenish gray when
slightly weathered, and rusty brown when moderately weathered. Mica schist occurs as
complexly folded layers 0.03 cm to 3 m (0.01 to 10 ft) thick within the granite and as thin
layers along joint surfaces within the hornblende-mica gneiss. The schist is soft to
moderately hard, weak to moderately strong, moderately weathered, fine grained, highly
fissile, and composed predominantly of chlorite, biotite, and amphibole. Schist layers
contain abundant quartz. Layered quartz-feldspar gneiss is light gray to dark brown, fine-
to medium-grained, moderately hard, moderately strong, and slightly to moderately
weathered. It is characterized by intimate interlayering of gneissic rock composed mostly
of quartz and feldspar with schistose rock composed of biotite and muscovite or, less
commonly, hornblende and mica. Individual layers are from 0.03 cm to 3 m (0.01 to
10 ft.) thick. The higher quartz content of the gneiss distinguishes it from rocks mapped
as granite. Orientation of foliation and compositional layering in rocks of the Main Dam
area is highly variable due to the highly complex nature of the folding these rocks have
undergone. These rocks appear to have undergone several periods of folding with
isoclinal folding predominating.

2.5.1.2.3.2 Triassic Sedimentary Rocks of the Chatham Group

Triassic sedimentary rocks of the Deep River basin are part of the Chatham Group of the
Newark Supergroup .The Newark Supergroup consists of sediments that fill the Mesozoic
basins along the east coast of North America (Figure 2.5.1-213). (Reference 2.5.1-204) The
sediments of the Deep River basin are composed largely of debris from nearby pre-Triassic
metamorphic and igneous rocks; in places the sediments contain abundant debris from
nearby granite intrusive bodies. These sediments were deposited as alluvial fans, stream
channel and floodplain deposits, and lake and swamp deposits (Reference 2.5.1-202,
Reference 2.5.1-204). In the Deep River basin, the Chatham Group consists of varying
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amounts of conglomerate, sandstone, siltstone, claystone, shale, and coal, and small
amounts of limestone, chert, and gypsum. The alluvial fans, angularity of sand grains, poor
sorting of fines, size of boulders in fanglomerates, and freshness of feldspar in the Durham
basin sediments all suggest short transport distances from a nearby source to a valley floor
or graben, similar to a setting in the modern Basin and Range province. Paleocurrent data
suggest a source to the northeast. (Reference 2.5.1-334)

A long history of investigations in the Deep River basin has led to a stratigraphic
nomenclature that varies based on location. Stratigraphic units previously used in defining
and mapping the Deep River basin were based on studies in the Sanford basin, and
included the Sanford, Cumnock, and Pekin formations of the Chatham Group. Triassic
sediments differ appreciably among the Durham, Sanford, and Wadesboro subbasins of the
Deep River basin, and the stratigraphic divisions used in the Sanford subbasin are not
applicable to the Durham basin (Reference 2.5.1-334). Bain and Harvey (Reference RAI
02.05.01-19 01) proposed the first map units internal to the Durham basin, based on
depositional facies. As noted by Bain and Harvey (Reference RAI 02.05.01-19 01), lateral
correlation of stratigraphic units in the Durham basin is complicated by the rapid facies
changes and extensive faulting which has placed units of different ages in juxtaposition.
Without age control from fossil or faunal information, correlations of units based strictly on
lithologies may be erroneous. It has been shown that the traditional assumption that the
lacustrine-paludal facies position near the middle of the basins also indicates middle position
in a simple monoclinal, half-graben model is erroneous. For example, part of the eastern
part of the Sanford basin mapped as Sanford formation is likely Pekin in age. (Reference
RAI 02.05.01-19 01) Later more detailed mapping by Hoffman and Gallager (Reference RAI
02.05.01-19 02) identified seven distinct lithofacies based on both lithology and depositional
environment, which were then grouped in to three lithofacies associations by Clark et al.
(Reference 2.5.1-204). A correlation chart showing the relation of the formations of the
Chatham Group in the Deep River basin to the lithofacies associations from Clark et al.
(Reference 2.5.1-204) for the Durham basin is shown in RAI 02.05.01-19 Figure 1.

2.5.1.2.3.2.1 Formations of the Chatham Group

The sedimentary rocks of the Deep River basin previously were divided into three units,
which from oldest to youngest are the Pekin, Cumnock, and Sanford formations. These
formations were based on studies in the Sanford basin, where gray and black claystone,
shale, siltstone, fine-grained sandstone, and two beds of coal of the Cumnock Formation are
underlain by the Pekin Formation and overlain by the Sanford Formation. The Pekin and
Sanford formations are dominated by fluvial and alluvial fan deposits; the Cumnock
Formation is dominated by lacustrine and paludal (swamp) deposits (Reference 2.5.1-204).
The Pekin and Sanford formations are mostly red, brown, or purple siltstone; claystone;
shale; sandstone; conglomerate; and fanglomerate. Because the Sanford and underlying
Pekin formations are distinguished by the presence of the Cumnock Formation
stratigraphically between the two, it is difficult to extend the stratigraphy of these formations
into the Durham basin, where the Cumnock formation is absent. The formations of the
Chatham Group as described in the HNP FSAR (Reference 2.5.1-202) and previous studies
are summarized below:

The Pekin Formation lies unconformably on pre-Triassic metamorphic and igneous rocks
and crops out in a narrow belt 1.6 to 5 km (one to three miles) wide along the northwestern
side of the Deep River basin to the northwest of the HAR site. The best exposures of this
formation occur in the Wadesboro basin near the town of Pekin. The total thickness of
exposed rocks in the Pekin Formation ranges from 550 to 1200 m (1800 to 4000 ft).
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Practically all the rocks in this formation are red, brown, or purple. In general, they are
medium- to fine-grained clastic rocks consisting of claystone, shale, siltstone, and
sandstone, with a few beds of conglomerate and fanglomerate near the base of the
formation. (Reference 2.5.1-202)

The Cumnock Formation lies conformably on the Pekin Formation and crops out in a narrow
belt in the southern end of the Durham basin. It consists of gray and black claystone, shale,
siltstone, fine-grained sandstone, and two beds of coal. The northernmost outcrop mapped
by Reinemund is approximately 5 km to the southwest of the plant site.
(Reference 2.5.1-202)

The Sanford Formation lies conformably on the Cumnock Formation in the Sanford basin
and parts of the Durham basin, but apparently lies unconformably on the Pekin Formation in
the Colon cross structure, where the Cumnock Formation is missing. The Sanford Formation
is more than 900 m (3000 ft) thick in the Sanford basin and 600 - 900 m (2000 - 3000 ft)
thick in the southern edge of the Durham basin. It borders much of the southeastern edge of
the Deep River basin and is composed of claystone, shale, siltstone, sandstone,
conglomerate, and fanglomerate, more than three-fourths of which are red, brown, or purple.
In the Durham basin, rocks of the upper part of the Sanford Formation are exposed in a
zone 1.6 to 3.2 km (one to two miles) wide along the eastern and southeastern side of the
basin adjacent to the Jonesboro fault. Between the zone of conglomerates and
fanglomerates and the zone of rocks of Pekin age along the western and northwestern side
of the basin, fine-grained sediments of the lower part of the Sanford Formation, consisting of
shale, siltstone, and sandstone, are present. The HAR Site is located in this area of fine-
grained sediments. The sediments of the Sanford Formation underlying the HAR site and
much of the southeastern part of the Durham basin were deposited as alluvial fans and
stream channel and flood plain deposits. These materials are characterized by abrupt
changes in composition and texture, both horizontally and vertically. They contain few
distinctive beds and subdivisions that are consistently mappable. The beds vary in thickness
from less than an inch to a maximum of 4.5 - 6 m (15 - 20 ft). As a result, exposures only
about a meter (a few feet) apart may vary considerably in texture and composition.
Notwithstanding these variations in composition and texture, the beds and lenses interfinger
and overlap into compact masses. (Reference 2.5.1-202)

2.5.1.2.3.2.2 Lithofacies Associations in the Deep River Basin

Detailed stratigraphic and paleontologic studies were performed in the Deep River basin,
leading to a new nomenclature by which Triassic sediments in the Durham basin were
described as lithofacies rather than formations (Reference 2.5.1-204). Geologic units
included in the lithofacies are being used in recent unpublished geologic quadrangle
mapping by the North Carolina Geological Survey and are used in this report
(Reference 2.5.1-275).Without further studies, the lithofacies associations of Clark et al.,
developed for the Durham basin (Figure 2.5.1-233), are not correlative to the Pekin,
Sanford, or Cumnock formations described in the Sanford basin (Reference 2.5.1-204).
Triassic sediments in the Durham basin have been divided into the three lithofacies
associations described by Clark et al., which are represented on Figure 2.5.1-231 as
unpublished geologic mapping by the North Carolina Geological Survey and are depicted on
Figure 2.5.1-233 (Reference 2.5.1-204). The lithofacies associations for Triassic sediments
in the Deep River basin as described by Clark et al. and Hoffman are described in the
following subsections (Reference 2.5.1-204, Reference 2.5.1-335).
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2.5.1.2.3.2.2.1 Lithofacies Association I

Lithofacies Association I includes the unit Trcs/sil (sandstone with interbedded siltstone). It
consists of pinkish gray to light gray, fine- to medium-grained, micaceous arkoses and lithic
arkoses; pale red, muddy, fine-grained sandstones; and reddish-brown, bioturbated
siltstones and mudstones. Fine-grained biotite and very fine-grained heavy minerals are
distinctive to this lithofacies. The lithofacies is interpreted as originating from sandy, braided
channel belts intercalated within thick sequences of heavily bioturbated siltstones,
mudstones, and fine-grained sandstone lenses representing vegetated flood basin facies.
Sandstone sequences occur as 1-to >5-m- (3- to >16.4-ft.-) thick cosets of trough cross
beds that fine upward. Finer-grained siltstones and mudstones are bioturbated extensively
and locally contain thin zones of carbonate nodules, zones of ferric concentration, and
possible paleosols.

2.5.1.2.3.2.2.2 Lithofacies Association II

Lithofacies Association II consists of sandstone with interbedded siltstone (Trcs/si2) and
siltstone with interbedded sandstone (Trcs/s). An arbitrary dividing point of 50 percent
sandstone versus siltstone is used to differentiate these two units. These deposits are
interpreted as originating from a meandering fluvial system flowing into a deltaic and
lacustrine depositional environment. Trcs/si2, which underlies the HAR site
(Figure 2.5.1-231, Sheet 1), consists of cyclical depositional sequences of whitish yellow to
grayish pink to pale red, coarse- to very coarse-grained, trough cross-bedded lithic arkoses
that fine upward through yellow to reddish brown siltstone that is burrowed and rooted
(Figure 2.5.1-234). Exposures typically are highly weathered. Bioturbation usually is
surrounded by greenish blue to gray reduction halos. Trcs/si2 represents lateral aggradation
of a point bar within a meandering stream surrounded by a vegetated floodplain. It contains
abundant potassium feldspar and muscovite and is very coarse grained, suggesting a
granitic source area. Trcsi/s consists of reddish-brown, extensively bioturbated,
muscovite-bearing siltstone interbedded with tan to brown, fine- to medium-grained,
muscovite-bearing arkosic sandstone, and is usually less than 1 m (3 ft.) thick. Siltstones
contain abundant calcite nodules interpreted as caliche, which typically are surrounded by
greenish blue to gray reduction halos. Trcsi/s represents fluvial deposits combined with
locally developed, aerially limited, ephemeral, shallow, freshwater lakes. This unit may
represent a localized lowland away from the primary fluvial belt or a change to muddier
conditions in later stages of deposition. The unit contains abundant vertebrate and
invertebrate fossils, including plants, clams, crayfish, fish, reptile teeth, and abundant
coprolites.

2.5.1.2.3.2.2.3 Lithofacies Association III

Lithofacies Association III consists of sandstone (Trcs), pebbly sandstone (Trcsc),
sandstone with interbedded conglomerate (Trcs/c), and conglomerate (Trcc). In the
southern Durham basin, the sandstone and pebbly sandstone are combined into Trcs. This
lithofacies is interpreted as an alluvial fan complex. Interbedded sandstone and pebbly
sandstone of Trcs consist of reddish brown to dark brown, irregularly bedded to massive,
poorly to moderately sorted, medium- to coarse-grained, muddy lithic arkoses with
occasional matrix-supported granules and pebbles. Trcs represents deposition in broad
shallow channels incised into muddy flats; the muddy, matrix-supported sandstones may
represent distant debris flows or hyperconcentrated flows. Sandstone with interbedded
conglomerate of unit Trcs/c consists of reddish brown to dark brown, irregularly bedded,
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poorly sorted, coarse-grained to pebbly, muddy lithic sandstones with interbedded pebble to
cobble conglomerate. Trcs/c represents deposition in broad shallow channels by streams
carrying high sediment concentrations or by debris flows. Conglomerates of unit Trcc consist
of more than 50 percent reddish brown to dark brown, irregularly bedded, poorly sorted,
cobble to boulder conglomerates. These conglomerates represent debris flow and channel
deposits associated with alluvial fans developed along the Jonesboro fault scarp.
Topography in Trcs/c and Trcc generally is steep and rugged, and in some cases the strikes
of parallel ridges and first-order drainages parallel the strike of bedding.

2.5.1.2.3.2.3 Sedimentary Formations at the HAR site

Sedimentary beds in the Triassic bedrock underlying the HNP and adjacent areas range in
thickness from several centimeters (a few inches) to a maximum of about 6 m (20 ft.); the
beds are commonly lenticular (Reference 2.5.1-202). Triassic sediments are covered by
overburden that is partly residual and partly transported. In upland areas, the overburden
consists of residual yellow, sandy clay and sandy loamy soil derived from the weathering of
underlying rock. This soil is usually only 0.6 - 2 m (2 - 6 ft.) thick, but in areas of erosion,
most of it has been removed by running water. In stream valleys and bottoms, yellow,
sandy, clayey alluvium often has accumulated to thicknesses of from 0.6.- 1.2 m (2 - 4 ft.)
to as much as 3 - 3.7 m (10 - 12 ft.). Beneath this overburden, the Triassic sedimentary
rocks usually are dense, compact, and only slightly weathered, with a variably developed,
thin saprolite zone. In some areas, the Triassic rocks are overlain by younger sedimentary
rocks. (Reference 2.5.1-202)

Bedrock at the HAR 2 and HAR 3 sites consists predominantly of reddish-brown siltstone
and sandstone, as discussed in detail in Subsection 2.5.4.1. Cross sections of rock
stratigraphy at the HAR 2 site are shown on Figures 2.5.4-204A and 2.5.4-204B, and for the
HAR 3 site, on Figures 2.5.4-205A and 2.5.4-205B. Subordinate amounts of shale and
conglomerate also were rarely encountered. Rock is typically sound and fresh below the
nuclear island basemat grade (elevation 67.1 m [220 ft.] amsl) at both HAR sites, although
some isolated intervals of fractured rock and clay layers are present.

As a result of the mechanisms of deposition of the Triassic basin sediments, the continuity
of individual rock strata at the site is variable both laterally and with depth. Fine-grained
sandstone and siltstone strata commonly are traceable in boreholes across the extents of
the HAR 2 and HAR 3 footprints. Other strata, such as coarse-grained sandstone deposits
associated with stream deposition, exhibit more lateral variability. Thicknesses of individual
strata or beds typically range from a few centimeters (few inches) to several meters (tens of
feet).

2.5.1.2.3.2.4 Stratigraphy in Sears No. 1 Well and Groce No. 1 Well

There are only two deep wells in the Deep River basin that can provide direct information on
the deeper stratigraphy within the basin (Figure 2.5.1-230). Only one, the Chevron U.S.A.,
Inc., Groce No. 1 well, an exploratory oil well, extends through the entire Triassic section
into the underlying basement. Basement was encountered in this well at a depth of 1550 m
(5100 ft.) (Reference 2.5.1-334).

The second well, the Sears No. 1 well, was drilled in 1976 by the North Carolina and United
States geological surveys near New Hill, approximately 5.6 km (3.5 mi.) north-northeast of
the site. This well, completed in Triassic rift sediments, was drilled to a depth of 1142 m
(3746 ft.), with cuttings sampled every 1.5 m (5 ft.) (Reference 2.5.1-334). Triassic strata
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exposed in the borehole are, from bottom to top, a basal argillite-greywacke-conglomerate
facies at least 122 m (400 ft.) thick; a 380 m (2198 ft.) thick sequence of massive mudstone,
.argillite, and quartz conglomerate facies; and a 640 m (2100 ft.) thick sequence of arkosic
sandstone, siltstone, and mudstone (Reference 2.5.1-334). The lower 640 m (2100 ft.) of the
Sears No. 1 and Groce No. 1 wells may be correlative to parts of the Pekin Formation,
although neither the coal-bearing interval of the Cumnock Formation nor the Sanford
Formation is seen in the Sears No. 1 well (Reference 2.5.1-334). Similarity in the Pekin
Formation sediments found in the two wells suggests similar depositional environments in
the Durham and Sanford areas during Pekin time. Following this time, a stable, swampy,
reducing environment of low sediment volume existed in the Sanford area; the New Hill area
experienced higher energy that created channel sands and point bars in an alluvial fan
setting (Reference 2.5.1-334)."
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