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2.5  Geology, Seismology, and Geotechnical Engineering

In SSAR Section 2.5, the applicant described the geological, seismological, and geotechnical
engineering properties of the ESP site.  SSAR Section 2.5.1, “Basic Geologic and Seismic
Information,” describes the basic geological and seismological data for the site and region
surrounding the site.  SSAR Section 2.5.2, “Vibratory Ground Motion,” describes the vibratory
ground motion at the site in terms of a probabilistic seismic hazard analysis and develops a site
safe-shutdown earthquake (SSE) ground motion.  SSAR Section 2.5.3, “Surface Faulting,”
describes the potential for surface faulting at or near the surface of the ESP site.  SSAR
Section 2.5.4, “Subsurface Materials,” presents information on the stability of the site’s
subsurface materials and foundations.  SSAR Section 2.5.5, “Stability of Slopes,” describes the
stability of slopes at the site.  Finally, SSAR Section 2.5.6, which covers embankments and
dams, states that the applicant did not reanalyze the North Anna Dam as part of the ESP
application.

Since the ESP site is located adjacent to NAPS Units 1 and 2, abandoned Units 3 and 4 and
the independent spent fuel storage installation (ISFSI), the applicant stated in SSAR Section
2.5 that its starting point for the characterization of the geology, seismology, and geotechnical
engineering properties of the ESP site was the previous site investigations for these facilities. 
As such, the material in Section 2.5 of the SSAR focuses on any newly published information
since the publication of the NAPS USAR in the 1970s as well as recent geological,
seismological, geophysical, and geotechnical investigations performed for the ESP site.  The
applicant stated that it conducted these investigations in progressively greater detail closer to
the ESP site.  The applicant defined the following zones of investigation around the site:

• region—within 320 km (200 mi)
• vicinity—within 40 km (25 mi)
• area—within 8 km (5 mi)

The ESP site itself is defined as the area within 1 km (0.6 mile) of the site location.  

The applicant also used the seismic source and ground motion models published by the Electric
Power Research Institute (EPRI) for the central and eastern United States (CEUS), “Seismic
Hazard Methodology for the Central and Eastern United States,” issued in 1986.  As such,
SSAR Section 2.5 focuses on those data developed since publication of the 1986 EPRI report.
Regulatory Guide (RG) 1.165, “Geological, Seismological and Geophysical Investigations to
Characterize Seismic Sources,” indicates that applicants may use the seismic source
interpretations developed by Lawrence Livermore National Laboratory (LLNL) in the “Eastern
Seismic Hazard Characterization Update,” published in 1993, or the EPRI document as inputs
for a site-specific analysis.

2.5.1  Basic Geologic and Seismic Information

SSAR Section 2.5.1 describes the geological and seismological characteristics of the ESP site
region and area.  SSAR Section 2.5.1.1, “Regional Geology,” describes the geologic and
tectonic setting of the site region, and SSAR Section 2.5.1.2, “Site Geology,” describes the
structural geology of the site area.
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2.5.1.1  Technical Information in the Application

2.5.1.1.1  Regional Geology

SSAR Section 2.5.1.1 describes (1) the physiographic provinces that encompass a 320-km
(200-mi) radius of the site, (2) the geologic history in terms of the major tectonic events, (3)
regional stratigraphy, (4) the regional tectonic setting, and (5) regional gravity and magnetic
data.

Physiographic Provinces.  SSAR Section 2.5.1.1.1 describes the regional physiography and
geomorphology of the ESP site.  The ESP site lies within the Piedmont physiographic province. 
The Piedmont province lies between the Coastal Plain province to the east and the Blue Ridge
province to the west and is characterized by deeply weathered bedrock.  Elevations in the
Piedmont province range from 244 to 457 m (800 to 1500 ft) in the western portion of the
province to about 61 m (200 ft) in the eastern portion, near the Coastal Plain province.  Figure
2.5.1-1, reproduced from SSAR Figure 2.5-1, illustrates each of the physiographic provinces
within the site region.

Regional Geologic History.  SSAR Section 2.5.1.1.2 describes the geologic history of the ESP
site region, which is composed of episodes of continental collisions with intervening episodes of
continental rifting.  Episodes of continental collisions have produced a series of accreted
terranes that are separated by low-angle detachment faults.  In contrast, intervening episodes
of continental rifting have produced high-angle normal faults that either extend downward into
the low-angle detachment faults or penetrate entirely through the accreted terranes.  The latest
major tectonic events in the region include the Allegheny orogeny (mountain building) and
Mesozoic and Cenozoic crustal extension (rifting) episodes.  The collision of the North
American and African plates caused the Allegheny orogeny, which occurred during the late
Carboniferous Period (about 290-330 million years [Ma] ago) and extended into the Permian
Period (240–290 Ma).  Crustal extension followed the Allegheny orogeny during the early
Mesozoic Era (200–240 Ma) that began the opening of the Atlantic Ocean.  This early Mesozoic
extensional episode continued with the development of the mid-Atlantic spreading center during
the Cenozoic Era (63 Ma–present).  Currently, the site region is located on the passive,
divergent trailing margin of the North American plate following this last episode of continental
extension and rifting.

Regional Stratigraphy.  Section 2.5.1.1.3 of the SSAR describes the regional stratigraphy of the
ESP site.  Two distinct rock types mark the regional stratigraphy of the Piedmont province.  The
first and oldest type is the crystalline rock of the late Precambrian (570–1500 Ma) and
Paleozoic age (240–570 Ma).  Overlying these rocks are Mesozoic-age (63–240 Ma)
sedimentary rocks deposited locally in down-faulted basins within the crystalline rocks. 
Residual soils derived from weathering of the crystalline rocks, as well as Quaternary-age
(2 Ma–present) alluvium and colluvium, overlay both the sedimentary and crystalline rocks.

Regional Tectonic Setting.  Section 2.5.1.1.4 of the SSAR describes the regional tectonic
setting for the ESP site.  Figure 2.5.1-2, reproduced from SSAR Figure 2.5-5, presents a
simplified tectonic and stratigraphic map of the site region, including many of the local faults.
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Figure 2.5.1-1  Regional physiographic map (200-mi radius)
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Figure 2.5.1-2  Simplified tectonostratigraphic map
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The ESP site lies within the central Appalachian region of Virginia, which is part of the northeast
(NE)-trending Appalachian orogenic belt that extends nearly the entire length of the eastern
United States.  The tectonic stress in the CEUS, including the Appalachian region, is primarily
characterized by NE-southwest (SW)-directed horizontal compression.  The expert teams that
participated in the 1986 EPRI hazard evaluation concluded that the most likely source of the
tectonic stress in the CEUS region is a ridge-push body force associated with the mid-Atlantic
ridge, which is transmitted to the interior of the North American tectonic plate.  Studies cited in
SSAR Section 2.5.1.1.4 found the magnitude of the NE-SW-directed stress to be about 2 to
3x1012 N/m, which corresponds to average equivalent stresses of about 40 to 60 MPa,
distributed across a 30-mi-thick elastic plate.

SSAR Section 2.5.1.1.4 categorizes four principal tectonic structures within the 200-mi ESP site
region based on the age of formation or reactivation of the structures, including those active
during (1) the Paleozoic Era (240–570 Ma), (2) the Mesozoic Era (63–240 Ma), (3) the Tertiary
Period (2–63 Ma), and (4) the Quaternary Period (2 Ma–present).

Paleozoic Tectonic Structures

The rocks and structures within the physiographic provinces that encompass the ESP site
region are associated with thrust sheets that formed during the convergent Appalachian
orogenic events of the Paleozoic Era (240–570 Ma).  The majority of these thrust sheets are
shallow and dip eastward into a low-angle, basal Appalachian decollement.  Below the
decollement are rocks that form the North American basement complex.  The basement rocks
contain normal faults that formed during the late Precambrian to Cambrian Period (570–1500
Ma).  Literature cited in the SSAR states that much of the sparse seismicity in the Appalachian
region occurs within this North American basement complex, and not within the more abundant,
shallow thrust sheets mapped at the surface.

Major Paleozoic tectonic structures near the ESP site include the Hylas shear zone,
Spotsylvania thrust fault, Long Branch thrust fault, Chopawamsic thrust fault, Lake of the
Woods thrust fault, and Mountain Run fault zone.  No seismic activity has been attributed to any
of the Paleozoic faults within 200 miles of the site, and as such, the applicant considers none to
be capable tectonic sources, as defined in Appendix A to RG 1.165.  Of these tectonic
structures, the Hylas shear zone, the Lake of the Woods thrust fault, and the Mountain Run
fault zone are the most prominent.  In response to RAI 2.5.1-4, the applicant revised SSAR
Section 2.5.1.1.4 to state 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, but it is
not spatially concentrated or aligned with either of these two structures.  The Mountain Run
fault zone exhibits geomorphic evidence suggestive of potential Tertiary or Quaternary
reactivation.  The section below entitled “Quaternary Tectonic Structures,” discusses the
Mountain Run fault zone.

Mesozoic Tectonic Structures

A series of elongated Mesozoic Era (63–240 Ma) rift basins are exposed in a belt extending
from Nova Scotia to South Carolina.  These rift basins exhibit a high degree of parallelism with
the surrounding structural grain of the Appalachian orogenic belt.  They were formed during the
extension and thinning of the Earth’s crust as Africa and North America rifted apart to form the
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Atlantic Ocean.  Section 2.5.1.1.4 of the SSAR states that although the Mesozoic basins have
long been considered potential sources for earthquakes along the eastern seaboard, none of
the basins in the site region is associated with a known capable tectonic source.

Tertiary Tectonic Structures

Tertiary Period (2–63 Ma) tectonic structures within 200 miles of the ESP site include the
Brandywine fault system in Maryland, the National Zoo faults in Washington, DC, the Dutch
Gap fault in Virginia, and the Stafford fault system.  The Stafford fault is a 42-mi-long fault
system that comes within 16.5 miles of the site.  Section 2.5.1.1.4 states that the NAPS
licensee’s detailed drilling, trenching, and mapping of the Stafford fault system in the
Fredericksburg region in the early 1970s showed that the youngest identifiable fault movement
occurred before the middle Miocene epoch (i.e., more that 10 million years ago).  Subsequent
investigations have shown some minor, later activity along the Stafford fault system.  However,
none of this activity has occurred during the Quaternary Period (i.e., the past 2 million years). 
Thus, the applicant concluded that the Stafford fault system is not a capable tectonic source.

Quaternary Tectonic Features

To define Quaternary tectonic (2 Ma–present) features, the applicant relied on the study of
Crone and Wheeler (Ref. 59, SSAR Section 2.5).  Crone and Wheeler compiled geologic
information on Quaternary faults, liquefaction features, and possible tectonic features in the
CEUS.  They evaluated and classified these features into one of four categories (Classes A, B,
C, and D) based on geologic evidence of Quaternary faulting or deformation.  Within a 200-mi
radius of the ESP site, Crone and Wheeler identified 11 potential Quaternary features.  Of
these 11 features, only the Central Virginia seismic zone showed geologic evidence that
demonstrated the existence of a Quaternary fault of tectonic origin (Class A).  SSAR Section
2.5.1.1.4 states that none of the other features compiled by Crone and Wheeler have
“demonstrated evidence of Quaternary activity that would imply recurrent activity in the past
500,000 years.”  Figure 2.5.1-3, reproduced from SSAR Figure 2.5-12, shows the Quaternary
features identified by Crone and Wheeler.

The ESP site is located near the northern boundary of the Central Virginia Seismic Zone
(CVSZ).  Because the causative faults have not been identified, the applicant characterized the
CVSZ as a seismogenic source rather than a capable tectonic source.  The largest earthquake
known to have occurred in the CVSZ is the magnitude (mb) 5.0 Goochland County event in
1875.  The CVSZ is an area defined by moderate to low historical seismic activity, as well as
paleoseismicity, since Obermeier and McNulty recently identified two paleoliquefaction features
within the CVSZ (Ref. 71, SSAR Section 2.5).  However, SSAR Section 2.5.1.1.4 states that the
absence of widespread paleoliquefaction led Obermeier and McNulty to conclude that an
earthquake of magnitude 7 or larger has not occurred within the CVSZ in the last 2000–3000
years, or in the eastern portion of the seismic zone for the last 5000 years.  In addition, the
applicant stated that “these isolated locations of paleoliquefaction may have been produced by
local shallow moderate magnitude earthquakes of Mw 5 to 6.”  In RAI 2.5.1-1, the staff asked
the applicant to describe these two paleoliquefaction features and their impact on the seismic
characterization of the CVSZ.  In its response, the applicant modified SSAR Section 2.5.1.1.4 to
reaffirm its conclusion that the original 1986 EPRI study adequately characterized the
magnitude level of the CVSZ.



Draft December 20042-129

Figure 2.5.1-3  Quaternary features map



Draft December 20042-130

The applicant also identified the seven fall lines across the Piedmont and Blue Ridge provinces
of North Carolina as another potential Quaternary tectonic feature.  Weems identified these
seven fall lines (Ref. 70, SSAR Section 2.5), which are based on the alignment of short stream
segments with anomalously steep gradients.  Because other studies of potential tectonic
features in the CEUS do not include the seven fall lines identified by Weems, the applicant
concluded that they do not represent a capable tectonic source.  In RAI 2.5.1-3, the staff asked
the applicant to more strongly justify its conclusion that the seven fall lines do not represent a
capable tectonic source.  In its response, the applicant revised SSAR Section 2.5.1.1.4 to
strengthen its conclusion by stating that Weems does not present direct credible evidence for a
tectonic origin of the fall lines.  The applicant also stated that, based on its evaluation of the
stratigraphic, structural, and geomorphic relations across and adjacent to the fall zones,
differential erosion resulting from variable bedrock hardness is a more plausible explanation
than Quaternary tectonism.

The applicant identified the Mountain Run fault zone, which is a 75-mi-long fault zone that lies
approximately 18 miles northwest of the site, as another potential Quaternary tectonic feature. 
SSAR Section 2.5.1.1.4 states that the Mountain Run fault zone is one of the most clearly
recognizable faults in the region and that two pronounced scarps occurring along the fault zone
have led some experts to suggest that the fault has experienced a late Cenozoic (63 Ma -
present) phase of movement.  The applicant stated that Crone and Wheeler (Ref. 59, SSAR
Section 2.5) consider the possibility that some faulting within the Mountain Run fault zone
(Everona fault) may be of Quaternary age.  However, “because the likelihood has not been
tested by detailed paleo-seismological or other investigations this feature has been assigned to
Class C.”  Class C implies that there is little to no geologic evidence of Quaternary faulting or
deformation.

The following excerpt from SSAR Section 2.5.1.1.4 describes the applicant’s further
investigation of the Mountain Run fault zone:

Field and aerial reconnaissance performed for this ESP application did not reveal
any geologic or geomorphic features indicative of potential Quaternary activity
along the Mountain Run fault zone.  A review of 1:24,000 scale topographic
maps revealed that the steeper portions of the Mountain Run scarp correlate with
the areas where the Mountain Run (stream) is impinging on the scarp.  In
addition, the northwest side of the narrow Mountain Run valley is steepest where
the stream is impinging on that side of the valley.  These observations suggest
that the scarp most likely formed due to erosion, as southeastward-migrating
streams impinge against the more resistant rocks in the Mountain Run fault
zone.

Based on the above reconnaissance and the classification to Class C, the applicant concluded
that the Mountain Run fault zone is not a capable tectonic source.

In addition to the CVSZ and the Mountain Run fault zone, another potential Quaternary tectonic
feature is the Stafford fault system, located 16.5 miles northeast of the ESP site.  The Stafford
fault system is a 42-mi-long fault system that consists of a series of northeast-striking,
northwest-dipping, high-angle reverse faults.  Following the discovery of the Stafford fault
system, the NAPS licensee performed an investigation of the origin and age of the fault system
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(Ref. 9, SSAR Section 2.5).  This investigation included detailed drilling, trenching, and
mapping in the Fredericksburg region, from which the applicant concluded that the youngest
identifiable fault movement on any of the primary faults was pre-middle Miocene in age (i.e.,
more than 10 million years ago).  The applicant stated that the EPRI 1986 seismic source
models incorporated all of the available information on the Stafford fault system.  In addition,
the applicant stated that no new significant information has been developed since 1986
regarding the potential activity of the Stafford fault system.  The applicant concluded that the
Stafford fault system is not a capable tectonic source and that no information has been
developed since 1986 that would require a significant revision to the EPRI seismic source
model.

The applicant cited another potential Quaternary tectonic feature known as the East Coast fault
system (ECFS).  The ECFS is a 370-mi-long fault system that consists of three 125-mi-long
segments extending from the Charleston area in South Carolina northeastward to near the
James River in Virginia.  The southern segment of the ECFS is associated with the Charleston
earthquake in 1868 (with an estimated magnitude of about 7) and continues to show
microseismic activity.  Only Marple and Talwani postulated the central and northern segments
of the ECFS as tectonic features (Ref. 75, SSAR Section 2.5).  The closest approach of the
northern segment to the site is approximately 70 miles to the southeast.  Because the northern
and central segments of the ECFS have not been associated with any seismicity and gravity or
magnetic anomalies, the applicant concluded that they are not likely to exist or, if they do exist,
they have a very low probability of activity.  In RAI 2.5.1-2, the staff asked the applicant to
describe the aerial reconnaissance and other sources it used to support its conclusions
regarding the northern segment of the ECFS.  Consistent with its response, the applicant
revised SSAR Section 2.5.1.1.4 to reaffirm this conclusion by demonstrating that other
researchers and studies have determined that the northern and central segments of the ECFS
are not potential sources of seismic activity.

In addition to the principal tectonic features and seismic zones within the ESP site region, the
applicant, in SSAR Section 2.5.1.1.4, also described three major active seisomogenic source
zones located outside the site region.  These three sources include the Eastern Tennessee
Seismic Zone, the Charleston Seismic Source, and the New Madrid Seismic Zone.  These three
seismic source zones are over 300 miles from the ESP site.  However, large earthquakes from
these distance sources could contribute to the long-period ground motion hazard at the ESP
site.  Figure 2.5.1-4, reproduced from SSAR Figure 2.5-14, illustrates these three seismic
source zones, as well as other regional seismic source zones.

Eastern Tennessee Seismic Zone

The ESP site is located over 300 miles east of the Eastern Tennessee Seismic Zone (ETSZ). 
The ETSZ is about 185 miles long and 30 miles wide and is located in the Valley and Ridge
Province of eastern Tennessee.  Although the ETSZ has not produced a damaging earthquake
in historical time, this zone did produce the second highest release of seismic strain energy in
the CEUS during the 1980s.  Earthquakes in the ETSZ occur at depths between 3 and 16
miles, and none have exceeded a moment magnitude of 4.6 (Ref. 88, SSAR Section 2.5).  In
addition, earthquakes within the ETSZ have not been attributed to known faults, and no capable
tectonic faults have been identified within the seismic zone.  The EPRI seismic source model
includes various source geometries and parameters to represent the seismicity of the ETSZ.  
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Figure 2.5.1-4  Seismic source zones and seismicity in central and eastern North America
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The maximum magnitudes used by EPRI for the ETSZ ranged from mb 6.6 to 7.4.  Subsequent
hazard studies have used maximum magnitudes of mb 6.45 and 7.25 (Refs. 57 and 79, SSAR
Section 2.5).  The applicant concluded that both of these more recent estimates of maximum
magnitude are similar to those used by EPRI for the ETSZ.  Therefore, the applicant decided
not to revise the EPRI seismic source model for the ETSZ.

Charleston Seismic Source

The Charleston seismic source is located about 375 miles south of the ESP site.  The
earthquake which occurred in Charleston, South Carolina, on August 31, 1886,  is the largest
historical event to occur in the eastern United States.  The earthquake produced intense
shaking in the epicentral area (Modified Mercalli Intensity [MMI] Level X) and was felt as far
away as Chicago (MMI V) (Ref. 90, SSAR Section 2.5).  Estimates of the magnitude for the
1886 Charleston earthquake are 7.3 (Ref. 90, SSAR Section 2.5) and 6.8 (Ref. 93, SSAR
Section 2.5).  The applicant stated that both of these more recent estimates of the magnitude of
the Charleston earthquake are similar to the upper-bound range of maximum magnitudes used
in the 1986 EPRI study (mb 6.8 to 7.5).  Therefore, the applicant concluded that no new
information has been developed since 1986 that would warrant a significant revision to the
EPRI seismic source model in terms of earthquake magnitude.  However, estimates of
earthquake recurrence for the Charleston source, based on dates of paleoliquefaction events,
have been updated since 1986.  The most recent summary of paleoliquefaction data (Ref. 91,
SSAR Section 2.5) for the Charleston source indicates a mean recurrence time of 550 years. 
This mean recurrence time is roughly an order of magnitude less than the seismicity-based
recurrence estimates used in the 1986 EPRI study.  Therefore, the applicant modified the
Charleston recurrence interval from several thousand years to 550 years, based on the
paleoseismic observations.  The applicant included this reduction in recurrence interval in its
sensitivity analysis, which is described in SSAR Section 2.5.2.

New Madrid Seismic Zone

The New Madrid Seismic Zone (NMSZ) extends from northeastern Arkansas to southwestern
Tennessee and is over 620 miles west of the ESP site.  The NMSZ produced three large-
magnitude earthquakes between December 1811 and February 1812.  Estimates of the
magnitudes of these events range between 7 and 8.  However, because of the considerable
distance between the NMSZ and the ESP site, the NMSZ only contributed 1 percent of the
hazard at the NAPS site in the 1986 EPRI study.  Since 1986, estimates of the maximum
magnitude for the NMSZ have generally been within the range of maximum magnitudes used
by the EPRI study (mb 7.2 to 7.9).  However, the recurrence interval for the NMSZ, based on
paleoseismic observations, is now only 500 years, which is considerably less than the
recurrence estimates used in the 1986 EPRI study.  The applicant included this reduction in
recurrence interval in its sensitivity analysis, which is described in SSAR Section 2.5.2.

Regional Gravity and Magnetic Data. The applicant reviewed regional maps of gravity and
magnetic data in SSAR Section 2.5.1.1.5.  The Geological Society of America (GSA) published
regional maps of gravity and magnetic fields in North America in 1987.  The maps present
gravity and magnetic field data at a 1:5,000,000 scale, and the applicant stated that these maps
were useful for identifying and assessing gravity and magnetic anomalies with wavelengths on
the order of tens of kilometers or greater.
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The gravity map of the eastern United States shows that, at the latitude of Virginia, there is a
long-wavelength, east-to-west gravity gradient, referred to as the “Piedmont gravity gradient.” 
The Piedmont gravity gradient stretches across the Blue Ridge and Piedmont provinces of
Virginia.  The applicant stated the following about the Piedmont gravity gradient:

The presence of the Piedmont Gravity Anomaly was known at the time of the
1986 EPRI study.  This anomaly is a first-order feature of the gravity field and is
interpreted to reflect eastward thinning of the North American crust and
lithosphere.

Magnetic data published by the GSA reveal numerous NE-SW-trending magnetic anomalies,
generally parallel to the structural features of the Appalachian orogenic belt.  However, in
contrast to the gravity data, the magnetic anomalies do not provide information on crustal-scale
features in the lithosphere.  Rather, the applicant stated that anomalies in the magnetic field are
associated primarily with upper-crustal variations in magnetic susceptibility, such as mafic and
ultramafic rocks.  The magnetic data provide additional characterization of the geophysical
properties of the upper crust and supporting evidence for the interpretation of the seismic
reflection data.  The applicant stated that the magnetic data published since 1986 do not reveal
any new anomalies related to geologic structures that had not been identified before the 1986
EPRI study.

2.5.1.1.2  Site Geology

SSAR Section 2.5.1.2 describes the site area in terms of (1) physiography, (2) geologic history,
(3) stratigraphy, (4) geologic structure, (5) geologic hazard evaluation, (6) engineering geology,
and (7) ground water conditions.

Site Area Physiography.  The ESP site is located within the Piedmont province and is bordered
by Lake Anna to the north and east.  The ESP site is in an area with a topography that is gently
undulating, varying in elevation from about 200 to 500 feet.  The applicant stated that the
slopes in the region typically range from 2 to 5 percent, with steeper slopes along the lower
tributaries of some of the larger streams ranging from 7 to 10 percent.  Site grade for the
existing units is at an approximate elevation of 271 feet.  The ground surface gently rises to the
west and south to elevations of over 300 feet.  Figure 2.5.1-5, reproduced from SSAR Figure
2.5-16, presents the site topographic map.

Site Area Geologic History.  The applicant stated that, since early Paleozoic time (about 500
Ma), rocks of the Piedmont province have undergone three compressional orogenies during the
Paleozoic Era and one extensional episode during the Mesozoic Era (63–240 Ma).  These
orogenies produced a complex pattern of folding and faulting in the region surrounding the site. 
The rocks of the Piedmont province exhibit varying degrees of metamorphism, depending on
their location in relation to the axis of major stress, which generally trends NE-SW.  During the
more recent Cenozoic time (63 Ma–present), the area surrounding the ESP site was subject to
erosion along the passive continental margin.  Erosion continued during the Pliestocene
(0.01–2 Ma) glacial and interglacial periods.  Weathering processes during the glacial and
interglacial periods include frost shattering, freeze-thaw cycles, accelerated wind erosion, and
accelerated solifluction (flowage of saturated soil).  The applicant concluded that these
weathering processes, together with downcutting streams and rivers during the present,
produced the residual soils that cover the ESP site.
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Figure 2.5.1-5  Site topographic map (0.6-mi radius)
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Site Area Stratigraphy.  The applicant stated that the ESP site is underlain by rocks of the Ta
River Metamorphic Suite, which are in turn underlain by rocks of the Chopawamsic Formation
and the Mine Run Complex.  Surficial sediments at the site consist of mainly residual soil and
saprolite, with some alluvium found along stream channels.  The Ta River Metamorphic Suite
underlying the site is thousands of feet thick, and the rocks within the suite are dark gray to
black gneisses of Cambrian and/or Ordovician age.  The applicant stated that borings
completed at the ESP site encountered rocks of the Ta River Metamorphic Suite that are gray
to dark gray quartz gneiss and hornblende gneiss.  Residual soil and saprolite overlie the rocks
of the Ta River Metamorphic Suite.  The residual soil is derived from the weathering of the
underlying metamorphic rocks, and generally consists of clay, silt, and sand-sized particles with
minor rock fragments.  The saprolite is also derived from weathering of the underlying
metamorphic rock but, unlike the residual soil, retains many of the structural and mineralogical
features of the rock.  The saprolite extends down to the top of the rock from which it was
derived.

Site Area Structural Geology.  Structural features at and within a 5-mi radius of the ESP site
consist of a series of northeast-striking faults and folds within the metamorphic bedrock.  The
applicant identified the following seven bedrock faults within a 5-mi radius of the ESP site:

(1) Spotsylvania thrust
(2) Chopawamsic thrust
(3) Long Branch thrust
(4) Sturgeon Creek fault
(5) unnamed fault “a”
(6) unnamed fault “b”
(7) unnamed fault “c”

The applicant stated that none of the above faults are considered to be capable tectonic
sources, as defined by RG 1.165.  The Spotsylvania, Chopawamsic, and Long Branch thrust
faults are northeast-striking, east-dipping Paleozoic structures that can be mapped for miles
within the Piedmont province and represent the largest surficial tectonic structures within the
site area.  The Sturgeon Creek fault and the three unnamed faults (“a,” “b,” and “c”) also strike
northeast; however, they are smaller structures than the other three thrust faults.  Unnamed
fault “a,” which traverses NAPS and the ESP site, was the subject of intensive study following
its exposure during the excavations for abandoned Units 3 and 4.  This fault has a length of
about 3000 feet based on geologic mapping of excavations and trenches.  The applicant cited
the conclusions of a Dames and Moore study (Ref. 9, SSAR Section 2.5), stating that unnamed
fault “a” is not a capable tectonic source, as well as the NRC staff’s acceptance of this
conclusion found in the SER for abandoned NAPS Units 3 and 4.

The applicant stated that most prominent folds at the site are the northerly plunging
syncline/anticline pair located in the western portion of the site.  The axis of the site passes
near an area of exposed bedrock, and foliations near the axis of the fold dip steeply (65–90
degrees).

Site Area Geologic Hazard Evaluation.  SSAR Section 2.5.1.2.5 states that the only geologic
hazards associated with the ESP site are (1) vibratory ground motion from regional earthquake
activity, and (2) potential surface faulting from site area earthquakes.  The applicant discussed
these two potential geologic hazards in SSAR Sections 2.5.2 and 2.5.3, respectively.  The
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corresponding sections of this SER provide the staff’s review of these two potential geologic
hazards.

Site Engineering Geology.  SSAR Section 2.5.1.2.6 briefly describes the engineering behavior
of the soil and rock at the ESP site, prior earthquake effects, effects of human activities,
construction ground water control, and unforseen geologic features.  Section 2.5.4 of the SSAR
discusses the results of the applicant’s geotechnical investigation in greater detail.

The applicant described the composition of the saprolite at the ESP site as micaceous silty,
clayey sand and sandy silt/clay with occasional to many relict rock fragments.  The saprolite
more or less retains the fabric or structure of the parent bedrock, depending on the degree of
weathering.  However, although the saprolite has the relict structure of the parent bedrock, its
engineering properties typically resemble those of a soil.  The applicant classified the saprolite
at the site into Zone IIA and Zone IIB saprolite, based on its general composition and grain size. 
Zone IIA saprolite is classified as silty sand, clayey sand, and high- and low-plasticity silt and
clay.  Zone IIB saprolite is classified as silty sand.  Zone IIA saprolite is the more weathered of
the two saprolites and contains less than 10 percent relict rock fragments.  In contrast, Zone IIB
saprolite contains between 10 and 50 percent relict rock fragments and is more dense than
Zone IIA saprolite.  The presence of mica in the saprolite is likely to reduce its maximum
compacted density and increase its compressibility.  The applicant provided the following
example of this phenomenon:

The SWR [service water reservoir] pump house for the existing units was
constructed on about 65 feet of Zone IIA saprolite, consisting mainly of sandy
silt, with frequent layers of micaceous sandy silt.  For about two years after its
construction, the pumphouse structure underwent relatively high settlement that
declined significantly thereafter.  The settlement was caused by the weight of the
SWR dike fill built up around the pumphouse.  The micaceous nature of the
material is considered to have played a major role in the settlement.  High
compressibilities and low maximum densities of the saprolite, therefore, preclude
using it as engineered fill at the ESP site.  

The applicant stated that bedrock at the ESP site is composed of predominantly quartz gneiss
with biotite of the Ta River Metamorphic Suite.  The gneiss is a hard, foliated rock, which
exhibits various degrees of weathering.  The degree of weathering of the gneiss affects its
engineering behavior and properties.  The applicant classified the gneiss at the site into three
categories (Zone III, Zone III-IV, and Zone IV) based on its degree of weathering.  Zone III is
the uppermost weathered part of the bedrock, is highly weathered and fractured, and contains
traces of clay and iron oxide.  Regarding Zone III, the applicant stated the following:

Because of the tendency for zones of severely weathered and fractured rock to
weather further upon exposure, they would be removed and replaced with
cement grout where encountered in excavations for the new units.  This would
ensure the bearing capacity of the foundation rock mass.

Zone III-IV and Zone IV are considerably less weathered, with the degree of weathering
decreasing with increasing depth.  Zone III-IV is moderately weathered, and Zone IV is slightly
weathered to fresh.  Based on the testing of rock borings, the applicant concluded that Zone III-
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IV and Zone IV are suitable bearing surfaces for Category I plant structures.  The applicant
does not consider the joints and fractures present in both zones to be of sufficient density or
extent to affect the engineering behavior of the rock with respect to its bearing capacity or
integrity.

The applicant stated that no physical evidence of any fissuring, liquefaction, landsliding,
lurching, or caving of banks exists to indicate that past earthquake ground shaking has
disturbed either the surficial sediments or the bedrock beneath the ESP site.  This result follows
from the relatively low intensity of historic ground shaking at the site.

The major potential effect of human activity on the ESP site is the mining in the vicinity of the
site which occurred from the 1700s to 1974.  Sulfide and gold deposits have been mined
predominantly in and around the town of Mineral, Virginia, approximately 7 miles west of the
site.  The closest mining deposit, the Allah Cooper deposit, is about 3 miles northwest of the
site.  The applicant stated that, based on published documentation of these mining activities
and their proximity to the site, the activities have not affected, nor would they affect, the ESP
site.

The applicant stated that ground water withdrawal from the surficial sediments and bedrock
around the ESP site is not an issue because of the low withdrawal quantities and the limited
areal extent of the withdrawals.  Current site ground water withdrawal is generally limited to
water supply wells for plant drinking and process water purposes.

Concerning construction ground water control issues, the applicant stated that ground water at
the ESP site generally occurs at depths ranging from about 6 to 58 feet below the present day
ground surface.  The exception to this is the area of the abandoned Units 3 and 4 excavation,
which was partially backfilled and where ground water is within about 2 feet of the ground
surface.  The applicant further stated that ground water levels at the site would likely result in
the need for temporary dewatering of foundation excavations extending below the water table.  

Concerning the potential for unforseen geologic features, the applicant stated that it would
(1) geologically map future excavations for safety-related structures, and (2) evaluate any
unforseen geologic features that are encountered.  In addition, the applicant stated that it would
notify the NRC “when any excavations for safety-related structures are open for their
examination and evaluation.” 

Site Ground Water Conditions.  The applicant stated that ground water at the ESP site is
present in unconfined conditions in both the surficial sediments and underlying bedrock. 
Ground water movement at the site is generally to the north and east, toward Lake Anna. 
Hydraulic conductivity values for the saprolite range from about 0.2 to 3.4 feet per day (ft/d). 
SSAR Section 2.4.12 provides a detailed description of the site ground water conditions.

2.5.1.2  Regulatory Evaluation

SSAR Section 2.5.1 presents information on the geological and seismological characteristics of
the ESP site region and area.  In SSAR Section 1.8, the applicant stated that the information
presented in SSAR Section 2.5.1 conforms to the requirements of GDC 2 in Appendix A to
10 CFR Part 50, Subpart A of 10 CFR Part 52, and 10 CFR Part 100.  The applicant also stated
in this section that it developed the geological and seismological information in accordance with
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the guidance presented in RG 1.70, “Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants”; RG 1.165; RG 4.7, “General Site Suitability Criteria for Nuclear
Power Stations”; RG 1.132, “Site Investigations for Foundations of Nuclear Power Plants”; and
RS-002.  The staff finds that the applicant identified the regulatory requirements and guidance
applicable to the geological and seismological characterization of the proposed site.  The staff
notes that GDC 2 applies to this portion of the review of an ESP application only with regard to
consideration of the most severe natural phenomena reported for the site (in this case
earthquakes), including margin. 

In reviewing the SSAR, the staff considered the regulations at 10 CFR 52.17(a)(1)(vi) and
10 CFR 100.23(c), which require that the applicant for an ESP describe the seismic and
geologic characteristics of the proposed site.  In particular, 10 CFR 100.23(c) requires that an
ESP applicant investigate the geological, seismological, and engineering characteristics of the
proposed site and its environs with sufficient scope and detail to support evaluations to estimate
the SSE ground motion and to permit adequate engineering solutions to actual or potential
geologic and seismic effects at the site.  Section 2.5.1 of NUREG-0800, “Basic Geologic and
Seismic Information,” issued in 1997, RG 1.165, and Section 2.5 of RG 1.70 provide specific
guidance concerning the evaluation of information characterizing the geology and seismology of
a proposed site.

2.5.1.3  Technical Evaluation

This section of the SER provides the staff’s evaluation of the geological and seismological
information submitted by the applicant in SSAR Section 2.5.1.  The technical information
presented in SSAR Section 2.5.1 resulted from the applicant’s surface and subsurface
geological, seismological, and geotechnical investigations performed in progressively greater
detail as they moved closer to the site.  Through its review, the staff determined whether the
applicant complied with the applicable regulations, and that the applicant conducted its
investigations with an appropriate level of thoroughness within the four areas designated in
RG 1.165, which are based on various distances from the site (i.e., 320 km [200 mi], 40 km [25
mi], 8 km [5 mi], and 1 km [0.6 mi]).

SSAR Section 2.5.1 contains the geologic and seismic information gathered by the applicant in
support of the vibratory ground motion analysis and site SSE spectrum provided in SSAR
Section 2.5.2.  According to RG 1.165, applicants may develop the vibratory design ground
motion for a new nuclear power plant using either the EPRI or LLNL seismic source models for
the CEUS.  However, RG 1.165 recommends that applicants update the geological,
seismological, and geophysical database and evaluate any new data to determine whether
revisions to the EPRI or LLNL seismic source models are necessary.  As a result, the staff
focused its review on geologic and seismic data published since the late 1980s that could
indicate a need for changes to the EPRI or LLNL seismic source models.  

To thoroughly evaluate the geological and seismological information presented by the applicant,
the staff obtained the assistance of the U.S. Geological Survey (USGS).  The staff and its
USGS advisors visited the ESP site and surrounding area to confirm the interpretations,
assumptions, and conclusions presented by the applicant concerning potential geologic and
seismic hazards.  The staff’s review of SSAR Section 2.5.1 focused on (1) tectonic or seismic
information, (2) nontectonic deformation information, and (3) conditions caused by human
activities, with respect to both the regional geology and site geology.
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2.5.1.3.1  Regional Geology

The staff focused its review of SSAR Section 2.5.1.1 on the applicant’s description of the
regional tectonics, with emphasis on the Quaternary period, structural geology, seismology,
paleoseismology, physiography, geomorphology, stratigraphy, and geologic history within a
distance of 320 km (200 mi) from the site.  Based on its review of SSAR Sections 2.5.1.1.1,
2.5.1.1.2, and 2.5.1.1.3, as described below, the staff concludes that the applicant provided a
thorough and accurate description of these geologic features and characteristics in support of
the ESP application.  In SSAR Section 2.5.1.1.1, “Regional Physiography and Geomorphology,”
the applicant described each of the physiographic provinces within the site region with an
emphasis on the Piedmont province, where the ESP site is located.  In SSAR Section 2.5.1.1.2,
“Regional Geologic History,” the applicant described the geologic history of the ESP site region,
including the each of the episodes of continental collisions and rifting.  In SSAR Section
2.5.1.1.3, “Regional Stratigraphy,” the applicant described the regional stratigraphy of the
Piedmont province, including the major rock units underlying the site.  These three SSAR
sections describe well documented geologic information, and the staff concludes that they
contain an accurate and thorough description of the regional geology as required by
10 CFR 52.17 and 10 CFR 100.23.

In SSAR Section 2.5.1.1.4 the applicant described the principal tectonic structures within the
200-mi ESP site region based on the age of formation or reactivation of the structures.  In
SSAR Section 2.5.1.1.4 the applicant described the principal tectonic structures within the 200-
mi ESP site region based on the age of formation or reactivation of the structures.  To define
the Quaternary tectonic (2 Ma–present) features, the applicant relied on the study of Crone and
Wheeler (Ref. 59, SSAR Section 2.5), which the staff considers to be comprehensive and
authoritative.  This study is a compilation of geologic information on Quaternary faults,
liquefaction features, and possible tectonic features in the CEUS.  Crone and Wheeler
evaluated and classified these features into one of four categories (Classes A, B, C, and D)
based on geologic evidence of Quaternary faulting or deformation.  Crone and Wheeler, as
employees of the USGS, were also among the USGS staff contracted by the staff to evaluate 
SSAR Section 2.5.  As such, they were able to evaluate the applicant’s interpretation of their
CEUS database on potential Quaternary tectonic features.

Concerning the Quaternary tectonic features, the applicant concluded that only the Central
Virginia seismic zone (CVSZ) showed geologic evidence that demonstrated the existence of a
Quaternary fault of tectonic origin.  The ESP site is located near the northern boundary of the
CVSZ (see SER Figures 2.5.1-3 and 2.5.1-4).  The CVSZ is an area defined by moderate to low
historical seismic activity, as well as paleoseismicity, since Obermeier and McNulty recently
identified two paleoliquefaction features within the CVSZ (Ref. 71, SSAR Section 2.5).  In its
response to RAI 2.5.1-1, the applicant stated that it interpreted the liquefaction features
identified by Obermeier and McNulty to represent at least one, and possibly two, moderate
magnitude earthquakes in the CVSZ in the middle-to-late Holocene epoch.  However, because
of the absence of liquefaction features in otherwise susceptible middle to late Holocene
deposits elsewhere in the study area, Obermeier interprets these liquefaction features to be the
result of localized, moderately sized earthquakes.  Because of the absence of widespread
liquefaction features in susceptible Holocene soil deposits, the staff concurs with the applicant’s
conclusion that the few liquefaction features within the CVSZ are most likely due to a few local
moderate-magnitude earthquakes.  The staff concludes that the applicant has accurately
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characterized the impact of the paleoliquefaction features on the overall seismic
characterization of the CVSZ.  Section 2.5.1.1.1 of this SER summarizes the applicant’s
revisions to SSAR Section 2.5.1 as a result of RAI 2.5.1-1.

The applicant cited another potential Quaternary tectonic feature known as the East Coast fault
system (ECFS).  The northern segment of the ECFS is located approximately 70 miles
southeast of the ESP site.  Figure 2.5.1-6, reproduced from SSAR Figure 2.5-13, shows the
southern, central, and northern segments of the postulated ECFS.  The applicant concluded, in
SSAR Section 2.5.1.1.4, that the northern segment of the ECFS “probably does not exist or has
a very low probability of activity if it does exist.”  The applicant based its conclusion, in part, on
an aerial reconnaissance of the northern segment of the ECFS.  In its response to RAI 2.5.1-2,
the applicant stated that it primarily relied on a review of the evidence presented by Marple and
Talwani (Ref. 74, SSAR Section 2.5) to conclude that the northern segment of the ECFS
probably does not exist or, if it does exist, it has a very low probability of being active during the
late Cenozoic era.  The applicant stated that its aerial reconnaissance of the northern segment
of the ECFS played an important, but less significant, role in developing this conclusion. The
staff notes that the northern segment of the ECFS is not included among the potential
Quaternary tectonic features in the compilation of Crone and Wheeler (Ref. 59, SSAR Section
2.5), which is described above.  The staff also notes that the majority of the geologic data cited
by Marple and Talwani in support of their postulated ECFS apply only to the central and
southern segments.  There are no Cenozoic faults or structure contour maps indicating uplift
along the northern segment of the ECFS.  Accordingly, the staff finds that evidence for the
existence and recent activity of the northern segment of the ECFS is low. The staff concludes
that the applicant has adequately investigated the possibility of the existence of a northern
segment of the ECFS.  Section 2.5.1.1.1 of this SER summarizes the applicant’s revisions to
SSAR Section 2.5.1 resulting from RAI 2.5.1-2. 

Other potential Quaternary tectonic features characterized by the applicant include the Hylas
shear zone, Mountain Run fault zone, and Lake of the Woods thrust fault.  The Hylas shear
zone, Mountain Run fault zone, and Lake of the Woods thrust fault are prominent structural
features between 5 and 25 miles from the ESP site (see SER Figure 2.5.1-2).  The applicant
concluded that these Paleozoic faults have not been reactivated and are therefore not capable
tectonic sources.  In its response to RAI 2.5.1-4, the applicant stated that there is no
concentration or alignment of historic seismicity, geomorphic expression, or Quaternary
deformation on these faults.  The applicant further stated that based on its review of the
literature, these faults are Paleozoic structures with mylonitic shear textures.  This implies that
the faults formed at deep crustal levels and that their current surface exposure is the result of
exhumation.  Based on geologic evidence of Quaternary faulting or deformation, Crone and
Wheeler (Ref. 59, SSAR Sec. 2.5) categorized the Mountain Run fault zone as only Class C. 
The Hylas shear zone and the Lake of the Woods thrust fault were not mentioned by Crone and
Wheeler in their comprehensive database of Quaternary features.  Based on recent geologic
literature, in particular the compilation of CEUS tectonic features by Crone and Wheeler cited
above, the staff concurs with the applicant’s conclusion that the Hylas shear zone, Mountain
Run fault zone, and Lake of the Woods thrust fault are Paleozoic faults that have not been
reactivated.  Section 2.5.1.1.1 of this SER summarizes the applicant’s revisions to SSAR
Section 2.5.1 resulting from RAI 2.5.1-4. 
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Figure 2.5.1-6       Northern, central, and southern segments of the postulated ECFS
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In RAI 2.5.1-5, the staff asked the applicant to describe the physiographic features associated
with the Mountain Run and Kelly’s Ford scarps along the Mountain Run fault zone which had
led the applicant to conclude that the scarps resulted from fluvial erosion and not tectonic
deformation.  In its response, the applicant stated that it performed reconnaissance-level field
and aerial evaluations of the Mountain Run fault zone.  After performing these evaluations, the
applicant concluded that the scarps are associated with incised drainages that are preferentially
eroding the southeast valley walls, creating asymmetric valley profiles.  Based on the evidence
cited in the applicant’s response, the staff concludes that the scarps along the Mountain Run
fault zone are most likely products of fluvial erosion, and not Cenozoic fault activity.  As noted
above, based on geologic evidence of Quaternary faulting or deformation, Crone and Wheeler
categorized the Mountain Run fault zone as only Class C.

The applicant also identified the seven fall lines across the Piedmont and Blue Ridge provinces
of North Carolina as another potential Quaternary tectonic feature.  Weems identified these
seven fall lines (Ref. 70, SSAR Section 2.5), which are based on the alignment of short stream
segments with anomalously steep gradients.  Because other studies of potential tectonic
features in the CEUS do not include the seven fall lines identified by Weems, the applicant
concluded that they do not represent a capable tectonic source.  In its response to RAI 2.5.1-3,
the applicant stated that Weems does not present direct credible evidence for a tectonic origin
of the fall lines.  The applicant also stated that, based on its evaluation of the stratigraphic,
structural, and geomorphic relations across and adjacent to the fall zones, differential erosion
resulting from variable bedrock hardness is a more plausible explanation than Quaternary
tectonism.  Based on the evidence cited by the applicant in response to this RAI, in particular
the applicant’s evaluation of the stratigraphy and structural relations associated with the fall
zones, the staff concludes that the applicant has accurately characterized the seven fall lines as
nontectonic features.  The staff concurs with the applicant’s interpretation that differential
erosion resulting from variable bedrock hardness is a more plausible explanation than
Quaternary tectonism for the fall lines.  The staff notes that evidence for the existence of the
seven fall lines as a Quaternary tectonic feature is based solely on the work of Weems and that
other geologists have not made this inference.  Section 2.5.1.1.1 of this SER summarizes the
applicant’s revisions to SSAR Section 2.5.1 resulting from RAI 2.5.1-3.

The Stafford fault system approaches to within 16.5 miles of the ESP site to the northeast.  In
SSAR Section 2.5.1.1.4, the applicant concluded that there is no Quaternary activity along the
fault system.  In RAI 2.5.1-6, the staff asked the applicant to elaborate on the field observations
and aerial reconnaissance that support this conclusion.  In its response, the applicant stated
that it based its conclusion that the Stafford fault system is not a capable tectonic source on a
review of existing literature, discussions with researchers familiar with the area, aerial and field
reconnaissance, and geomorphic analyses.  The applicant examined the topographic profiles of
several terraces that cross the Stafford fault system and found only minor, nontectonic relief on
some of the terrace surfaces.  In addition, the applicant did not find any scarps or anomalous
breaks in the topography on the terrace surfaces associated with the mapped fault traces. 
Based on the evidence cited by the applicant, in particular the applicant’s examination of the
topography of the profiles that cross the fault system, the staff concludes that the applicant
accurately characterized the Stafford fault system.

Based on its review of SSAR Section 2.5.1.1.4, “Regional Tectonic Setting,” and the applicant’s
responses to the RAIs, cited above, the staff concludes that the applicant identified and
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properly characterized all regional tectonic features.  The staff concludes that SSAR Section
2.5.1.1.4 provides an accurate and thorough description of the regional tectonics, with an
emphasis on potential Quaternary activity, as required by 10 CFR 52.17 and 10 CFR 100.23.

To support its geologic interpretations of the region surrounding the ESP site, the applicant in
SSAR Section 2.5.1.1.5 reviewed the regional maps of gravity and magnetic anomalies
published by the GSA in 1987.  The applicant used the regional gravity map to identify the
Piedmont gravity gradient and interpreted this feature as an eastward thinning of the North
American crust and lithosphere.  The applicant interpreted the regional magnetic anomalies as
upper-crustal variations in magnetic susceptibility, such as mafic and ultramafic rocks, and used
the magnetic data as supporting evidence for its interpretation of its seismic reflection data. 
The staff concludes that the regional gravity and magnetic data support the applicant’s overall
conclusions concerning the regional geologic and tectonic features. 

2.5.1.3.2  Site Geology

The staff focused its review of SSAR Section 2.5.1.2 on the applicant’s description of the site-
related geologic features, seismic conditions, and conditions caused by human activities. 
Based on its review of SSAR Sections 2.5.1.2.1 and 2.5.1.2.2, described below, the staff
concludes that the applicant has provided a thorough and accurate description of these
geologic features and characteristics in support of the ESP application.  In SSAR Section
2.5.1.2.1, “Site Area Physiography and Geomorphology,” the applicant described the local
topography as gently undulating, varying in elevation from about 200 to 500 feet with the site
grade for the existing units at about 271 feet.  In SSAR Section 2.5.1.2.2, “Site Area Geologic
History,” the applicant described the compressional orogenies and extensional episode that
produced the folding and faulting in the region surrounding the site.  The applicant also
described the local erosion and weathering that produced the residuals soils that cover the ESP
site.  The staff concludes that these two SSAR sections, which describe readily observable local
geologic features, contain an accurate and thorough description of the local site geology as
required by 10 CFR 52.17 and 10 CFR 100.23.

In SSAR Section 2.5.1.2.3 the applicant described the soil and rock layering beneath the ESP
site.  The applicant based its description of the site stratigraphy on several borings performed
for the existing NAPS Units 1 and 2 and the abandoned NAPS Units 3 and 4, and as part of the
ESP application subsurface program.  The applicant stated in SSAR Section 2.5.1.3.1 that the
borings drilled as part of the ESP application subsurface program revealed “severely
weathered, fractured and jointed intervals in Zone III-IV and Zone IV rock,” and that these
fracture zones ranged in thickness from about 0.5 to 1 foot thick.  The applicant encountered
these fracture zones in four of the seven new borings performed as part of the ESP subsurface
program.  In RAI 2.5.4-2, the staff asked the applicant to describe the impact of the fracture
zones on the suitability of the site to host safety-related structures.  In response to RAI 2.5.4-2,
the applicant stated that it would excavate and replace any weathered or fractured zones
encountered at the foundation level with lean concrete.  In addition, the applicant stated that it
would perform multiple borings once the building locations are chosen.  These borings would
identify whether there are any fracture zones beneath the foundation thicker than those
encountered in the ESP borings.  The staff concludes that the applicant’s proposal to excavate
and replace weathered or fractured zones with lean concrete is an adequate method to ensure
the stability of the foundation.  The replacement of fractured rock with lean concrete is well
understood and commonly done to enhance the strength and stability of the rock to support
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building loads.  Accordingly, replacement of weathered or fractured rock below the new building
foundations with lean concrete is Permit Condition 2.5-1.  Also, the applicant’s proposal to
perform additional borings, once it has selected building locations, is necessary to ensure that
any significant weathered or fractured zones are identified.  The need for additional borings to
identify any weathered or fractured rock beneath the new foundations is Permit Condition
2.5-2. Further discussion of these two permit conditions and the engineering properties of the
soil and rock beneath the ESP site is provided in Section 2.5.4 of this SER.

Based on its review of SSAR Section 2.5.1.2.3, “Site Area Stratigraphy,” and the applicant’s
response to the staff’s RAIs, cited above, the staff concludes that the applicant adequately
described the site area stratigraphy.  The staff concludes that SSAR Section 2.5.1.2.3 provides
an accurate and thorough description of the site area stratigraphy, with an emphasis on the
uppermost layers of rock and residual soil, as required by 10 CFR 52.17 and 10 CFR 100.23.
Section 2.5.4 of this SER provides the staff’s complete evaluation of the applicant’s description
of the ESP site subsurface materials and engineering properties. 

SSAR Section 2.5.1.2.4 describes the local faults and folds within the metamorphic bedrock
underlying and surrounding the site.  The applicant identified seven bedrock faults within a 5-mi
radius of the ESP site and concluded, based on site area investigations and a review of the
published literature, that none of the faults are capable tectonic sources, as defined in RG
1.165.  The NAPS licensee thoroughly investigated one of the faults, unnamed fault “a,” which
traverses the ESP site, following its exposure within the excavations for the abandoned Units 3
and 4.  The staff concluded in its 1974 SER for the abandoned Units 3 and 4 that the “North
Anna fault zone is neither genetically nor structurally related to any known capable fault,” and
concurred with the licensee’s conclusion that fault “a” is not a capable tectonic source. 
Subsequent to the licensee’s investigation, a local geologist mapped fault “a” over a total
distance of about 7 miles, which is considerably longer than the original length of about 3000
feet mapped by the licensee.  In RAI 2.5.3-2, the staff asked the applicant to evaluate the
evidence for the continuation of fault “a” beyond the ESP site.  In its response, the applicant
stated that the local geologist, L. Pavlides, is deceased and did not document an explanation or
basis for his mapping of fault “a” beyond the ESP site.  The applicant performed aerial
reconnaissance, field reconnaissance, and an air photo interpretation of fault “a” and, based on
these studies, concluded that there is no stratigraphic, structural, or geomorphic evidence that
would support the existence of fault “a” beyond the EPS site.  Based on the evidence presented
by the applicant, in particular the evidence cited as a result of the field reconnaissance
described below, the staff concludes that the applicant has adequately investigated the possible
extension of fault “a” beyond the ESP site.  During its field reconnaissance, the applicant found
no scarps or lineaments along the trace of fault “a” as mapped by Pavlides.  The staff notes
that the NAPS licensee’s trenching of the fault showed that fault “a” is most likely a minor fault
or bedrock shear within the Ta River metamorphic suite and that it is very unlikely that such a
minor fault could be recognized or mapped over a significant distance without a significant
number of exposures.  Further discussion of fault “a” and RAI 2.5.3-2 is provided in Section
2.5.3 of this SER.

Based on its review of SSAR Section 2.5.1.2.4, “Site Area Structural Geology,” and the
applicant’s response to RAI 2.5.3-2, cited above, the staff concludes that the applicant
adequately described the site area structural geology.  The staff concludes that SSAR Section
2.5.1.2.4 provides an accurate and thorough description of the site area structural geology, with
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an emphasis on the structural features within a 5-mile radius of the ESP site, as required by
10 CFR 52.17 and 10 CFR 100.23. Section 2.5.3 of this SER provides the staff’s complete
evaluation of the applicant’s description of the local bedrock faults near the ESP site and their
potential for tectonic deformation and producing vibratory ground motion.

SSAR Section 2.5.1.2.5, “Site Area Geologic Hazard Evaluation,” states that the only geologic
hazards associated with the ESP site are (1) vibratory ground motion from regional earthquake
activity, and (2) potential surface faulting from site area earthquakes.  SSAR Sections 2.5.2,
“Vibratory Ground Motion,” and 2.5.3, “Surface Faulting,” respectively, discuss these two
potential geologic hazards.  The corresponding sections of this SER provide the staff’s review
of these potential hazards.  In SSAR Table 1.9-1, “ESP Site Characteristics and Design
Parameters,” the applicant identified the item, “Capable Tectonic Structures or Sources,” as an
ESP site characteristic and design parameter.  This item specifies that there is no fault
displacement potential within the investigative area.  The staff reviewed the applicant’s
description of the site area geologic hazards provided in SSAR Section 2.5.1.2.5 and concludes
that the ESP site has no fault displacement potential.  Section 2.5.3 of this SER provides the
staff’s evaluation of the fault displacement potential for the ESP site.  The staff concludes that
SSAR Section 2.5.1.2.5 does not address two other potential site area geologic hazards,
namely slope instability and liquefaction, also arising from local or regional earthquakes. 
However, the applicant addressed these two topics in detail in SSAR Sections 2.5.4 and 2.5.5.

SSAR Section 2.5.1.2.6 describes the engineering behavior of soil and rock at the ESP site.  In
addition, SSAR Section 2.5.1.2.6 addresses prior earthquake effects, effects of human
activities (mineral extraction and ground water withdrawal), construction ground water control,
and unforseen geologic features.  In its description of the soil engineering behavior, the
applicant stated that the high compressibilities and low maximum densities of the saprolite
preclude its use as engineered fill at the ESP site.  Because of the relatively high initial
settlement of the NAPS pumphouse structure, constructed on about 65 ft of saprolite fill, the
staff agrees with this conclusion.  The prohibition on the use of saprolite as engineered fill at the
ESP site is Permit Condition 2.5-3.  

Based on its review of SSAR Section 2.5.1.2.6, “Site Engineering Geology Evaluation,” the staff
concludes that the applicant has adequately described the site soil and rock characteristics.  In
particular, the applicant thoroughly described zones of weathering and structural weakness
within the soils and bedrock, soil and rock types that could be unstable because of their
physical properties, and the effects of human activities (e.g., mining extraction and ground
water withdrawal) at the site. The staff concludes that SSAR Section 2.5.1.2.6 provides an
accurate and thorough description of the local site conditions, as required by 10 CFR 100.23. 
In addition, because of limited groundwater withdrawal and the distance of any mining activity
from the site, the staff concludes there is no potential for the effects of human activity, such as
subsidence or collapse, that could compromise the safety of the site. 

SSAR Section 2.5.1.2.7, “Site Groundwater Conditions,” describes the ground water at the ESP
site in terms of flow direction and hydraulic conductivity.  SSAR Section 2.4.12 provides a
detailed discussion of the site ground water conditions; Section 2.4.12 of this SER discusses
the staff’s evaluation of SSAR Section 2.4.12.
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2.5.1.4  Conclusions

As set forth above, the staff reviewed the geological and seismological information submitted by
the applicant in SSAR Section 2.5.1.  On the basis of its review, as described above, the staff
finds that the applicant provided a thorough characterization of the geological and seismological
characteristics of the site, as required by 10 CFR 100.23.  These results provide an adequate
basis to conclude that no capable tectonic sources or seismogenic sources exist in the plant
site area that have the potential to cause near-surface displacement or earthquakes.  In
addition, the staff concludes, as described above, that the applicant has identified and
appropriately characterized all the seismic sources significant to determining the SSE for the
ESP site, in accordance with RG 1.165 and NUREG-0800, Section 2.5.1, and therefore
satisfies 10 CFR 100.23(c) and GDC 2 in this respect.  Based on the applicant’s geological,
geophysical, and geotechnical investigations of the site vicinity and site area, the staff
concludes that the applicant has properly characterized the site lithology, stratigraphy,
geological history, structural geology, and the characteristics of subsurface soils and rocks. 
The staff also concludes that there is no potential for the effects of human activity (i.e.,
groundwater withdrawal or mining activity) to compromise the safety of the site. Therefore, the
staff concludes that the proposed ESP site is acceptable from a geological and seismological
standpoint and meets the requirements of 10 CFR 100.23.

2.5.2  Vibratory Ground Motion

SSAR Section 2.5.2 describes the applicant’s determination of the ground motions at the ESP
site from possible earthquakes in the site area and region.  SSAR Sections 2.5.2.1 through
2.5.2.4 describe the seismic source and ground motion models used by the applicant.  Section
2.5.2.5 summarizes the seismic wave transmission characteristics of the ESP site.  Finally,
Section 2.5.2.6 describes the development of the SSE ground motion for the ESP site.

The applicant stated that the information provided in SSAR Section 2.5.2 complies with
NUREG-0800 and uses the procedures recommended in RG 1.165.  In addition, the applicant
based its seismic ground motion calculations on the EPRI seismic source model for the CEUS. 
According to RG 1.165, applicants may use the seismic source interpretations developed by
LLNL in 1993 or those developed by EPRI as inputs for a site-specific analysis.  RG 1.165 also
recommends a review and update, if necessary, of both the seismic source and ground motion
models used to develop the SSE ground motion for a given site.

2.5.2.1  Technical Information in the Application

2.5.2.1.1  Seismicity

SSAR Section 2.5.2.1, “Seismicity,” describes both the review and update of the earthquake
catalog used to define the seismic sources for the ESP site.  The applicant used the original
EPRI seismicity catalog that is complete only through 1984.  Therefore, in addition to
reevaluating  the EPRI catalog, the applicant added seismicity data for the time period from
1985 through 2001 (see SER Figure 2.5.1-4).

The seismicity catalog used for the original EPRI study compiled the data from the seismic
networks in the CEUS.  Therefore, to develop the EPRI catalog, it was necessary to remove
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duplicate earthquakes, ensure a consistent magnitude scale (mb), remove non-earthquakes
(e.g., mine blasts and sonic booms), and perform a final check to ensure that the catalog
included significant historic events.  To update the 1984 EPRI seismicity catalog, the applicant
focused on sources of seismic data in the region surrounding the ESP site.  The applicant
stated that the most complete regional catalog for recent earthquakes is published by the
Virginia Polytechnic Institute and State University (VT) and maintained by Martin Chapman of
VT.  The VT seismic catalog is complete through 2001 for Virginia, Maryland, Delaware (south
of latitude 40B N), West Virginia (south of latitude 40B N), North Carolina, South Carolina,
Georgia, Florida, Alabama, Tennessee (east of longitude 88B W), and Kentucky (east of
longitude 88B W).  However, the VT seismic network and database do not completely cover the
region (i.e., within 200 miles) surrounding the ESP site.  To supplement the VT catalog, the
applicant used the seismic catalog from the Advanced National Seismic System (ANSS) for
latitudes of 39.7B N and higher.  The updating of seismicity in the ESP site region resulted in the
identification of 30 additional earthquakes (24 from the VT catalog and 6 from the ANSS
catalog).

2.5.2.1.2  Geologic Structures and EPRI Seismic Source Model for the Site Region

SSAR Section 2.5.2.2, “Geologic Structures and EPRI Seismic Source Model for the Site
Region,” describes the seismic source interpretations from the 1989 EPRI study and the
evaluation of new information on seismic sources since the EPRI study.  In general, the
applicant found that the 1989 EPRI seismic source models did not need to be updated for the
ESP site seismic source characterization.

Six independent earth science teams (ESTs) developed the characterization of CEUS seismic
sources in the EPRI project.  These ESTs evaluated geological, geophysical, and seismological
data to model the occurrence of future earthquakes and evaluate earthquake hazards at
nuclear power plant sites in the CEUS.  The six ESTs involved in the EPRI project included
(1) the Bechtel Group, (2) Dames and Moore, (3) Law Engineering, (4) Roundout Associates,
(5) Weston Geophysical Corporation, and (6) Woodward-Clyde Consultants.  EPRI
implemented the results of the seismic source characterizations from each of the ESTs in a
probabilistic seismic hazard analysis (PSHA) for nuclear power plant sites in the CEUS.  SSAR
Tables 2.5-5 through 2.5-10 summarize the seismic source information developed by each of
the ESTs for sources in the region surrounding the ESP site.  This information includes the
maximum magnitude, closest distance to the ESP site, probability of activity, and an indication
as to whether new information regarding the seismic source has been identified since the
original EPRI seismic hazard analyses.  The application does not present earthquake
recurrence values for each of the seismic sources because they were computed for each 1-
degree latitude and longitude cell that intersects any portion of a seismic source.

In RAI 2.5.2-4(a), the staff asked the applicant to provide additional seismicity parameters,
beyond those shown in SSAR Tables 2.5-5 through 2.5-11, for the seismic source zones
surrounding the ESP site.  In response to RAI 2.5.2-4(a), the applicant provided the seismic
source recurrence values used for the EPRI study for the latitude and longitude degree cell
encompassing the ESP site region.  

The applicant stated the following concerning the seismic source characterizations of the
original EPRI study:
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Except for the three specific cases described [below], no new seismological,
geological, or geophysical information in the literature published since the
publication of the 1986 EPRI source model [Ref. 120] suggests that these
sources should be modified.  The three cases where new information requires
modification of the EPRI source characterizations are the addition of the northern
segment of the East Coast Fault System (ECFS-N) as a new potential seismic
source, the new recurrence and geometry parameters for the existing Charleston
source (modeled after the southern segment of the East Coast Fault System
(ECFS-S), and the new recurrence parameters for the New Madrid source.

SSAR Sections 2.5.2.2.2 through 2.5.2.2.7 briefly describe the seismic source characterizations
made by the six ESTs for each of the sources surrounding the ESP site.  Since the largest
contributor to the seismic hazard at the ESP site is the CVSZ, the applicant described its source
characterization by the six ESTs in SSAR Section 2.5.2.2.8.  The six ESTs characterized the
largest maximum magnitude earthquake (Mmax) for the CVSZ to be from mb 6.6 to 7.2, with each
magnitude value accompanied by a weight.  For example, the Dames and Moore EST assigned
the maximum magnitudes for the CVSZ to be mb 6.6 and 7.2, with a corresponding weight for
these two magnitudes of 0.8 and 0.2, respectively.  The applicant stated that, since the EPRI
study, two paleoliquefaction features have been found within the CVSZ, and that these new
observations are “consistent with the Mmax values assigned by the EPRI teams.”  Furthermore,
the applicant concluded the following:

The near-total lack of widespread paleoliquefaction features in the 300 km of
stream exposures searched within the Piedmont, has led some researchers [Ref.
71] to conclude that it is unlikely that any earthquakes have occurred in central
Virginia in excess of M-7.

In RAI 2.5.2-7, the staff asked the applicant to describe how the modern and historical
seismicity of the CVSZ is distributed within either a specific source zone or a background
source zone.  In its response, the applicant described the source model used by each of the six
EPRI teams to characterize the CVSZ. 

In RAI 2.5.2-4(b), the staff asked the applicant to justify its decision not to update the Mmax
assigned to the CVSZ for the 1989 EPRI seismic source models, considering the 1994 EPRI
study, “Seismotectonic Interpretation and Conclusion from the Stable Continental Region
Database.”  In its response, the applicant stated that the 1994 EPRI study was initiated in the
mid-1980s specifically for use by the EPRI teams in their development of the 1989 EPRI
seismic source models.  Preliminary results of the 1994 EPRI study were provided to each of
the EPRI teams for their use in assigning maximum magnitudes in stable continental regions
(SCR), such as the ESP site region.  As such, the EPRI teams used the estimates of maximum
magnitude and source zone geometry drawn from the preliminary results of the 1994 EPRI
study for their 1989 seismic source models.

SSAR Section 2.5.2.2.9 describes the post-EPRI PSHA studies within the North Anna site
region for comparison with the PSHA completed as part of the ESP application.  Since the EPRI
seismic hazard project, researchers have completed three PSHA studies that overlap or include
the seismic sources within the North Anna site region.  These three studies include the
following:
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• Savannah River nuclear site (Ref. 125, SSAR Section 2.5)
• seismic hazard of Virginia (Ref. 126, SSAR Section 2.5)
• the USGS National Seismic Hazard Mapping Project (Ref. 127, SSAR Section 2.5)

The PSHA performed for the Savannah River nuclear site in South Carolina specified sources,
recurrence rates, focal depths, and maximum magnitudes for earthquake sources in the
southeastern United States.  As part of the Savannah River PSHA, Bollinger (Ref. 125, SSAR
Section 2.5) identified three seismic sources that fall within the North Anna site region.  These
sources include the CVSZ, the Giles County seismic zone, and a complementary background
zone.  For the CVSZ, the Savannah River PSHA assigned a maximum magnitude of mb 6.4,
which is comparable to the range of maximum magnitude values given for the CVSZ by the
EPRI teams.  For the Giles County seismic zone and complementary background zone, the
Savannah River PSHA assigned maximum values of 6.3 and 5.7, respectively.  These
maximum magnitude values are also similar to those used by the EPRI teams for these two
source zones.

The applicant stated that researchers at VT (Ref. 126, SSAR Section 2.5) performed a seismic
hazard assessment of Virginia in 1994 on a county-by-county basis.  The study defined a total
of 10 seismic sources based primarily on patterns of seismicity, with 7 of the 10 sources located
within the region surrounding the North Anna site.  For each source zone, the authors of the
study assumed a maximum magnitude of mb 7.25.  This maximum magnitude is based on the
assumption that an earthquake similar to the one that occurred in 1868 in Charleston, South
Carolina (mb 6.8 to 7.5) could occur in any of the sources within the North Anna site region. 
The applicant stated that this maximum magnitude is consistent with the range of maximum
magnitude values the EPRI teams assigned to the CVSZ and Giles County seismic zones.

The third PSHA performed after the EPRI 1989 study was the 2002 USGS National Seismic
Hazard Mapping Project.  The 2002 USGS national seismic hazard maps are the updated 1996
USGS seismic hazard maps that incorporate changes in the recurrence and geometry of the
Charleston, South Carolina seismic source, as well as the recurrence and maximum magnitude
assigned to the New Madrid seismic source zone.  Rather than defining many local seismic
source zones, the USGS hazard study includes only a small number of sources surrounded by
larger background zones.  Within the ESP site region, the USGS model defines a single source
zone, the Extended Margin Background Zone, which covers nearly the entire eastern and
southeastern United States.  The maximum magnitude assigned to the Extended Margin
Background Zone by the USGS is 7.5, which corresponds to mb 7.2.  The applicant stated that
this maximum magnitude value is consistent with the range of maximum values assigned to the
CVSZ by the EPRI teams.

2.5.2.1.3  Correlation of Seismicity with Geologic Structures and EPRI Sources

As part of the review and update of the 1989 EPRI seismic source model, the applicant
compared the updated seismicity (1985 through 2001) with the earlier EPRI seismicity catalog
(1627 through 1984).  As a result of this comparison, the applicant concluded that the updated
catalog does not show (1) any earthquakes within the site region that can be associated with a
known geologic structure, (2) a unique cluster of seismicity that would suggest a new seismic
source outside of the EPRI source model, (3) a new pattern of seismicity that would warrant
significant revision to the EPRI seismic source geometry, (4) an increase in the maximum
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magnitude for any of the EPRI seismic sources, and (5) any changes to the recurrence values
for the EPRI seismic sources.

2.5.2.1.4 1989 EPRI Probabilistic Seismic Hazard Analysis, Deaggregation, and 1-Hz, 2.5-Hz,
5-Hz, and 10-Hz Spectral Velocities

SSAR Section 2.5.2.4 describes the replication of the 1989 EPRI PSHA results for North Anna. 
For the replication, the applicant used the peak ground acceleration (PGA) hazard curves for
comparison with the 1989 EPRI PSHA results for North Anna.  The applicant found about a 1.1
percent change in the probability of ground motion exceedance, which corresponds to a 0.3 to
0.7 percent change in ground motion amplitude.  This difference is much less than the total
uncertainty in seismic hazard calculations, and as such, the applicant concluded that the
current PSHA for the ESP site correctly models the seismic sources and ground motion
equations.  To further confirm the accuracy of the current PSHA, the applicant also replicated
the 1-, 2.5-, 5-, and 10-Hertz (Hz) spectral velocity hazard curves using the 1989 EPRI seismic
sources and ground motion models.  In addition, using the procedure described in RG 1.165,
the applicant calculated the controlling earthquakes for the ESP site using the 1989 EPRI
results.  The low-frequency controlling earthquake magnitude and distance are Mw 5.9 and 29
km, respectively, and the high-frequency controlling earthquake magnitude and distance are 
Mw 5.5 and 20 km, respectively.  The applicant used these controlling earthquakes for
comparison with the updated PSHA results for the ESP site presented in SSAR Section
2.5.2.1.6.

2.5.2.1.5  Seismic Wave Transmission Characteristics of the Site

SSAR Section 2.5.2.5 briefly summarizes the subsurface model used for the ESP site.  The
foundation materials are divided into the following five zones from surface to bedrock:

• residual clays and clay silts (Zone I)
• weathered saprolite (Zone IIA)
• saprolite (Zone IIB)
• weathered rock (Zone III)
• parent rock (Zone IV)

The applicant stated that the containment (reactor building) and primary safety-related
structures would be founded on sound bedrock, either Zone IV or Zone III-IV (slightly to
moderately weathered rock).  The applicant also stated that other safety-related structures
(possibly the diesel generator building and certain tanks) may be founded on Zone III
weathered rock or Zone II saprolitic soils.

Section 2.4.5.7 of the SSAR presents a detailed description of the seismic wave transmission
characteristics of each of the above soil and rock layers.  The description includes the shear
wave velocity, as well as the variation of shear modulus and damping with strain for each of the
zones. 

In RAIs 2.5.2-1(c) and 2.5.2-8, the staff asked the applicant to explain how it factored the
properties of the site-specific subsurface materials into the determination of the SSE.  In its
responses, the applicant stated the following:
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The SSE spectrum is calculated directly using the EPRI 2003 ground motion
models.  For the North Anna ESP site, the selected SSE directly incorporates the
hard rock foundation assumption of the EPRI 2003 ground motion models (a
shear-wave velocity of 2.8 km/s or about 9,200 ft/s).  The containment (reactor)
building and primary supporting safety-related structures would be founded on
sound bedrock, either Zone IV or Zone III-IV materials (see SSAR Section
2.5.2.5) for which this shear wave velocity is a good approximation.  Therefore,
site-specific materials are factored into the determination of the SSE by
recognizing that the hazard analysis performed to develop the SSE uses
attenuation relations that are directly applicable to specific subsurface conditions
at the North Anna site.

2.5.2.1.6  Safe-Shutdown Earthquake Ground Motion

SSAR Section 2.5.2.6 describes the development of the SSE ground motion for the ESP site. 
The first four subsections of SSAR Section 2.5.2.6 describe the updating of the 1989 EPRI
PSHA in terms of (1) a new regional earthquake catalog, (2) new maximum magnitude
information, (3) new seismic source characterizations, and (4) new ground motion models.  The
subsequent subsections of Section 2.5.2.6 describe (1) the controlling earthquakes, (2) the
selected SSE ground motion, (3) sensitivity studies, and (4) the future modification of the
selected SSE spectrum.

SSAR Section 2.5.2.6 addresses the new geoscience information (new seismic sources, new
magnitudes, new recurrence intervals, new ground motion models) by examining the effect of
this new information on the median seismic hazard at levels of 10-5 per year.  The applicant
used the 1989 EPRI seismic sources and ground motion models to compare the effect of this
new information on the seismic hazard at the ESP site with the seismic hazard developed for
North Anna.

New Regional Earthquake Catalog.  This section compiles the seismic sources surrounding the
ESP site that contribute 99 percent of the seismic hazard, using both the PGA hazard results
and the 1-Hz spectral velocity hazard results.  The applicant used this compilation of seismic
sources from the 1989 EPRI PSHA to determine whether the seismic activity rates used in the
1989 EPRI study are still adequate.  The applicant examined recent seismic activity rates using
earthquakes recorded in the region since 1984 and compared these rates to those used in the
1989 EPRI PSHA.  The results of this comparison showed that recent seismicity, recorded from
1985 to 2001, does not indicate that seismic activity rates have increased for the sources
contributing most to the ESP site.  Therefore, the applicant used the seismic activity rates
derived from the 1989 EPRI study to calculate the seismic hazard at the ESP site.

New Maximum Magnitude Information.  This section describes the applicant’s review of the
geological and seismological data published since the 1986 EPRI seismic source model to
determine if changes to the maximum magnitudes (Mmax) for any of the seismic source zones
are needed.  The applicant stated that the Mmax used for the EPRI source models relied on an
EPRI study (Ref. 195, SSAR Section 2.5) of large earthquakes occurring worldwide within
SCRs.  Based on its review, the applicant concluded that the range of Mmax values assigned by
the EPRI teams for the Charleston, South Carolina, seismic source is too low.  For the
Charleston seismic source, the applicant identified a new geologic structure as the possible
source of the 1886 Charleston earthquake, referred to as the southern segment of the ECFS
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(ECFS-S).  For the ECFS-S Mmax values, the applicant decided to use the 2002 USGS values
and weights.  These Mmax values range from Mw 6.8 to 7.5.  The Charleston source Mmax values
used by the six EPRI teams for the 1989 PSHA range from about 6.5 to 7.5.  

New Seismic Source Characterizations.  This section describes the applicant’s review of the
geological and seismological data published since the 1989 EPRI seismic source model to
determine whether any new seismic sources have been postulated or whether significant
changes to the characterizations of previously identified sources are needed.  The applicant
concluded that three changes to the 1989 EPRI seismic source characterizations were
necessary, namely (1) identification of a postulated northern segment of the ECFS (ECFS-N),
(2) revision to the recurrence interval and source geometry of the Charleston seismic source,
and (3) revision to the recurrence interval of the New Madrid seismic source.

As modeled, the ECFS runs along the Atlantic seaboard and consists of the northern (ECFS-N),
central (ECFS-C), and southern (ECFS-S) segments (see SER Figure 2.5.1-6).  The ECFS-N is
located approximately 70 miles southeast of the ESP site and was not previously included in the
1989 EPRI PSHA.  For the ECFS-N, the applicant assumed a probability of existence of 0.1
and a probability of activity (given existence) of 0.1.  For the ECFS-N, the applicant adopted the
Mmax parameters and weights used in the 2002 USGS national seismic hazard map for the
Charleston source.  The applicant selected the recurrence values and weights of 550 years
(0.1), 25,000 years (0.5), and 50,000 years (0.4), respectively.  The applicant stated that it
assigned low weights to the probability of existence and probability of activity because the
existence of the fault is not well documented and is highly uncertain.  In addition, no geologic,
geomorphic, or seismologic evidence indicates that the fault exists as a tectonic feature or, if it
does exist, that it is active.

New data published since the original EPRI study have resulted in revisions to the recurrence
interval and source geometry for the Charleston seismic source.  As stated earlier, the applicant
adopted the Mmax values used by the 2002 USGS national hazard maps for the Charleston
seismic source.  In addition to the Mmax values, the applicant also reduced the recurrence
interval for the Charleston source from several thousand years, used by the 1989 EPRI PSHA,
to 550 years.  The applicant stated that it based the reduction in the recurrence interval for the
Charleston seismic source on recent paleoliquefaction studies, which provide evidence of
previous earthquakes in the Charleston source area.  In addition to Mmax values and recurrence
intervals, the applicant also used the southern segment of the ECFS as an alternative source
geometry for the Charleston source.  The applicant also assumed that the mean recurrence
interval of 550 years applied to the maximum magnitude values.  The applicant stated that this
approach is conservative because the mean recurrence interval may not be directly associated
with earthquakes as large as the assumed maximum magnitudes.

In RAI 2.5.2-5, the staff asked the applicant to explain how it incorporated the alternative
characterization of the ECFS-S into the final PSHA.  In its response, the applicant stated that it
evaluated the alternative characterization of the ECFS-S, both independently and additively to
conservatively assess the maximum possible change to hazard at the North Anna ESP site
from this newly postulated source.  The revisions to the ECFS-S include a shorter recurrence
interval (550 years) and different weights for the maximum magnitude (Mw 6.8 to 7.5).  The
applicant added the ECFS-S to the source models of each of the six EPRI teams for the final
PSHA.
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SSAR Section 2.5.2.6.5 states that the applicant examined the effects of the new
characterization of the ECFS-N and ECFS-S fault segments by calculating the seismic hazard
from these two fault segments and comparing this seismic hazard to that predicted from the
1989 EPRI seismic sources.  The applicant calculated the seismic hazard from these two fault
segments using the 2003 EPRI ground motion models rather than the earlier 1989 ground
motion models.  As shown in SSAR Figures 2.5-40 and 2.5-41, the ECFS-S fault increases the
total median and mean hazard for 1-Hz spectral acceleration by several percent at the 10-5

hazard level.  The ECFS-N fault segment, for which the applicant assigned only a 1 percent
probability of existence and activity, does not contribute to the overall hazard.  For higher
frequency ground motion (i.e., 10-Hz spectral acceleration), neither the ECFS-S nor the ECFS-
N fault segments contribute significantly to the overall seismic hazard.  SSAR Section 2.5.2.6.5
states that this results from the domination of the higher frequency ground motion by seismic
sources closer than the distant ECFS.  The ECFS-N fault segment is 70 miles southeast of the
ESP site, and the ECFS-S is 300 miles south of the ESP site.

New Ground Motion Models.  To estimate the ground motion at the ESP site from each of the
seismic sources, the applicant used the new 2003 EPRI-sponsored study that compiles and
evaluates 13 new ground motion attenuation models for the CEUS (Ref. 116, SSAR Section
2.5).  The previous EPRI PSHA used only three ground motion attenuation models.

For lower frequency ground motion (i.e., 1-Hz spectral acceleration), the effect of the new
ground motion models is relatively minor compared to the hazard results derived using the 1989
ground motion models.  However, for higher frequency ground motion (i.e., 10-Hz spectral
acceleration), SSAR Section 2.5.2.6.5 states that both the median and mean hazard increase
significantly at annual frequencies of 10-5.  Figure 2.5-44 in the SSAR compares a 10-Hz
seismic hazard for both the 1989 ground motion models and the 2003 ground motion models. 
SSAR Section 2.5.2.6.5 provides the following rationale for the higher hazard for higher
frequency ground motion determined by the newer model:

A major difference between the 1989 and 2003 ground motion models is that the
estimates of aleatory [random] uncertainty are larger in the 2003 study.  In 1989,
a standard deviation of natural log (ground motion) of 0.5 was used for all
frequencies, whereas in 2003, values of 0.6 and 0.7 are common (they vary
depending on magnitude, distance, and frequency).  At annual frequencies of
10-5, which are sensitive to the tails of the ground motion aleatory distribution,
this difference in standard deviation increases seismic hazard.  This would likely
be true for any CEUS location.  A compensating factor at 1 Hz is the use of
ground motion models that reflect a two-corner source, which acts to reduce 1
Hz ground motion estimates from those used in 1989.  Thus the median 1 Hz
seismic hazard is about the same for both models.  The mean amplitudes using
the 2003 ground motion models are closer to the median amplitudes than is the
case for the 1989 models, reflecting convergence on what are reasonable
models to use for ground motion estimation in the eastern US.  In 1989, the
ground motion models were quite diverse, with one model developed by
estimating peak ground acceleration and velocity, then using spectral
amplification factors to estimate spectral amplitudes.  In 2003, the available
models estimate spectral amplitudes directly.
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PSHA and Controlling Earthquakes.  Using the 2003 EPRI ground motion models and adding
the ECFS-S fault segment, the applicant calculated the PSHA results for the ESP site.  Table
2.5-22 of the SSAR, reproduced below, compares the 1989 EPRI PSHA and the 2003 PSHA
results.

Table 2.5.2-1  Updated Seismic Hazard Results at ESP Site
Frequency Median/Mean Updated PSHA 1989 PSHA Difference

1 Hz 10-5 median 0.096 g 0.091 g 6%

10-5 mean 0.134 g 0.219 g -39%

2.5 Hz 10-5 median 0.316 g 0.232 g 36%

10-5 mean 0.364 g 0.519 g -30%

5 Hz 10-5 median 0.639 g 0.439 g 46%

10-5 mean 0.735 g 0.753 g -2%

10 Hz 10-5 median 1.020 g 0.660 g 55%

10-5 mean 1.216 g 0.827 g 47%

As shown in Table 2.5.2-1 above, the largest difference is at 10 Hz, where the updated PSHA
indicates higher ground motion amplitudes for the 10-5 median and mean by 55 percent and 47
percent, respectively.  At 1 Hz, 2.5 Hz, and 5 Hz, the updated PSHA shows a higher median
10-5 hazard, but a lower mean 10-5 hazard.

Selected SSE Ground Motion.  The method for determining the SSE for a site, as described in
RG 1.165, is based on the use of a reference probability.  The basis for the procedure in
RG 1.165, as well as the determination of the reference probability, is that existing nuclear
power plants do not represent an undue risk to the health and safety of the public.  As such,
using the existing plants as a reference, RG 1.165 recommends a procedure to determine the
seismic design basis for future plants.  The reference probability is the average probability of
exceeding the SSE ground motion at 5 Hz and 10 Hz, using either the 1993 LLNL PSHA or the
1989 EPRI PSHA.  The NRC staff calculated a reference probability level for 29 nuclear power
plant sites in the CEUS; the average reference probability for these 29 sites, using median
hazard results, is 10-5 per year.  A similar value was obtained using both the 1993 LLNL and the
1989 EPRI PSHA level; therefore, RG 1.165 endorses both the LLNL and the EPRI PSHA
results as suitable for seismic hazard estimation for future siting.

To determine the site SSE, the applicant used the method described in RG 1.165, but with a
higher reference probability.  In RAI 2.5.2-1(d), the staff asked the applicant to justify this higher
reference probability.  The applicant cited Section B.3 in Appendix B to RG 1.165 and the
following three factors to justify changing the reference probability:

(1) The revised EPRI ground motion models (Ref. 116, SSAR Section 2.5) indicate
generally higher ground motions and aleatory uncertainties at higher frequency
amplitudes of interest than previous models.
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(2) The mean recurrence time for large earthquakes in the New Madrid, Missouri, region
and in the Charleston, South Carolina, region has decreased since the EPRI and LLNL
studies in the 1980s.

(3) Use of the mean hazard instead of the median hazard results in a higher reference
probability because mean hazard curves lie above median hazard curves.

The applicant stated that the combined effect of these three factors would increase the
reference probability by a factor of at least 5.  Therefore, the applicant selected a mean hazard
value of 5x10-5 as its reference probability.  The applicant decided to use the mean hazard
PSHA results rather than the median results since the mean results conservatively incorporate
the uncertainty in the ground motion estimates.  The applicant then deaggregated the PSHA
results using the new reference probability to determine the controlling earthquakes for the ESP
site.  The controlling earthquakes for the ESP site are M=5.4 at 20 km (12 mi) and M=7.2 at
308 km (191 mi).  The first magnitude-distance pair is the high-frequency (i.e., 5 and 10 Hz)
controlling earthquake and is consistent with an earthquake from the CVSZ.  The second
magnitude-distance pair is the low-frequency (i.e., 1 and 2.5 Hz) controlling earthquake and is
consistent with an earthquake from the ECFS-S fault.  Figures 2.5.2-1 and 2.5.2-2, reproduced
from SSAR Figures 2.5-49 and 2.5-50, respectively, depict the results of the deaggregation of
the PSHA results.  

To determine these two controlling earthquakes, the applicant followed the procedure in
Appendix C to RG 1.165, using the higher reference probability and the mean PSHA hazard
results rather than the median results.  Using the two controlling earthquakes, the applicant
then determined two ground motion response spectra using the EPRI 2003 ground motion
relationships and scaling the two spectra to the appropriate ground motion amplitudes.

In addition to using the methodology described in RG 1.165 to determine the SSE ground
motion, the applicant chose to use an alternative approach, described as a performance-based
approach.  To determine the final SSE for the ESP site, the applicant enveloped the two
controlling earthquake ground motion response spectra and the performance-based spectrum.  

The final ESP site SSE, low- and high-frequency response spectra, and performance-based
spectrum are shown in SSAR Figure 2.5-54A and reproduced below in Figure 2.5.2-3.

In RAI 2.5.2-1, the staff asked the applicant to explain how the performance-based approach
meets the requirements of 10 CFR 100.23, which provides the geologic and seismic siting
criteria, as well as a definition of the SSE.  In its response, the applicant explained how the
performance-based approach conforms to the requirements of 10 CFR 100.23.  In RAI 2.5.2-9,
the staff asked the applicant for further details on the performance-based approach to
supplement the information provided in SSAR Section 2.5.2.6.  In its response, the applicant
provided further justification for the performance-based approach, including the derivation of
some key relationships.  This is discussed further in SER Section 2.5.2.3.6 below.  

Sensitivity Studies.  The applicant performed two sensitivity studies to demonstrate the
appropriateness of the final SSE shown in Figure 2.5.2-3.



Draft December 20042-157

Figure 2.5.2-1      Magnitude-distance deaggregation for low-frequencies (1 and 2.5 Hz) at
a mean annual frequency of 5×10-5 using updated source and ground motion models
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Figure 2.5.2-2    Magnitude-Distance Deaggregation for High-Frequencies (5 and 10 Hz) at
a Mean Annual Frequency of 5 × 10-5 Using Updated Source and Ground Motion Models



Draft December 20042-159

Figure 2.5.2-3  Comparison of performance-based spectrum, mean 5 H 10-5 scaled
spectra, and selected SSE spectrum (which overlaps the performance-based spectrum

and envelops the other two)
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The first sensitivity study used a higher minimum magnitude value for each of the seismic
source zones.  Currently, the EPRI and LLNL studies use a body-wave magnitude (mb) of 5.0
as the minimum magnitude for calculations, which corresponds to a moment magnitude (Mw) of
4.6.  SSAR Section 2.5.2.6.8 states that there is “abundant evidence that earthquakes with Mw
less than 5 do not cause damage to nuclear plant structures and equipment.”  An Mw of 5
corresponds to an mb of 5.4.  As such, the applicant reran the PSHA with the lower-bound
magnitude, mb, set to 5.4.  SSAR Figure 2.5-52 shows the performance-based ground motion
spectrum resulting from a higher minimum magnitude value.  The lower-frequency ground
motion is similar to the recommended ground motion spectrum.  However, the higher frequency
ground motion (i.e., 10 Hz and above) is as much as 20 percent lower than the motion at the
same frequency for the performance-based spectrum derived from using a higher minimum
magnitude value.  The applicant stated that this result demonstrates that the recommended
ground motion spectrum incorporates substantial conservatism.

For the second sensitivity study, the applicant revised the uncertainty for the base-case ground
motion model to match the uncertainty values of California ground motion models.  The
uncertainty for CEUS ground motion models, especially for higher frequencies (i.e., 5 Hz and
above), exceeds the uncertainty reported for ground motion models based on California strong-
motion data.  This uncertainty, referred to as aleatory uncertainty, represents the scatter of the
observed ground motion about the predicted ground motion.  SSAR Section 2.5.2.6.8 states
that “there is no immediately apparent reason why aleatory uncertainties should be higher in the
eastern U.S. than in California.”  Using lower aleatory uncertainty, the applicant reran the PSHA
and compared the recommended ground motion spectrum to that obtained by using the lower
uncertainty.  SSAR Figure 2.5-54 shows the resulting ground motion spectrum using the lower
aleatory uncertainty values.  A comparison between this ground motion spectrum and the
recommended ground motion spectrum shows that a fairly significant decrease (about 10
percent) in the selected spectrum would occur, if the lower aleatory ground motion uncertainties
were used in place of those reported in the 2003 EPRI ground motion study.

Future Modification of the Selected Spectrum.  SSAR Section 2.5.2.6.9 describes potential
modifications to the selected SSE ground motion spectrum to account for embedment and
structure effects.  According to the applicant, the COL application would include these
modifications.  The modifications to the SSE spectrum would account for horizontal and vertical
spatial variation and incoherence of the ground motion, as well as scattering effects and soil-
structure interaction.  Horizontal spatial variation in ground motion is more prominent for
structures with large plan dimensions and would reduce the input into the structure at high
frequencies.  SSAR Section 2.5.2.6.9 states that this occurs because the presence of large
structures modifies the ground motion input to the basemat, and that the modifications become
significant at higher frequencies, especially above 10 Hz.  The applicant concluded that the
SSE spectrum is “an unrealistic input for analysis and design of structures,” and “in order to
obtain a realistic design spectrum, factors must be considered that affect the shape of the
spectrum experienced by structures with large basemats, such as those typical of nuclear
power plants.”  The applicant referred to this “realistic design spectrum” as an engineering
design spectrum.

2.5.2.1.7  Operating-Basis Earthquake

SSAR Section 2.5.2.7 describes the establishment of the operating-basis earthquake (OBE)
ground motion for the ESP site.  Rather than performing a detailed analysis, the applicant
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decided to establish the OBE earthquake spectrum as one-third of the SSE spectrum, in
accordance with Appendix S to 10 CFR Part 50.

2.5.2.2  Regulatory Evaluation

SSAR Section 2.5.2 presents the applicant’s determination of ground motion at the ESP site
from possible earthquakes that might occur in the site region and beyond.  In SSAR Section
1.8, the applicant stated that SSAR Section 2.5.2 conforms to the requirements of
10 CFR 50.34, Appendix S to 10 CFR Part 50, and 10 CFR 100.23.  The applicant further
stated in Section 1.8 that it developed this information in accordance with the guidance
presented in NUREG-0800, Revision 3, Section 2.5.2; RGs 1.70 and 1.165; and DG-1105, “Site
Investigations for Foundations of Nuclear Power Plants.” (DG-1105 has been superseded by
RG 1.198 of the same title since the applicant submitted the SSAR.)  The staff finds that the
applicant identified the regulatory requirements and guidance applicable to the determination of
the SSE ground motion for the ESP site.  The staff notes that the application of Appendix S to
10 CFR Part 50 in an ESP review, as referenced in 10 CFR 100.23(d)(1), is limited to defining
the minimum SSE for design.

In its application review, the staff considered the regulatory requirements of
10 CFR 52.17(a)(1)(vi) and 10 CFR 100.23(c) and (d), which require that the applicant for an
ESP describe the seismic and geologic characteristics of the proposed site.  In particular,
10 CFR 100.23(c) requires that an ESP applicant investigate the geological, seismological, and
engineering characteristics of the proposed site and its environs with sufficient scope and detail
to support estimates of the SSE ground motion, and to permit adequate engineering solutions
to actual or potential geologic and seismic effects at the proposed site.  In addition,
10 CFR 100.23(d) states that the SSE ground motion for the site is characterized by both
horizontal and vertical free-field ground motion response spectra at the free ground surface. 
Section 2.5.2 of NUREG-0800 provides guidance concerning the evaluation of the proposed
SSE ground motion, and RG 1.165 provides guidance regarding the use of PSHA to address
the uncertainties inherent in the estimation of ground motion at the ESP site.

2.5.2.3  Technical Evaluation

This section of the SER provides the staff’s evaluation of the seismological, geological, and
geotechnical investigations the applicant conducted to determine the SSE ground motion for the
ESP site.  The technical information presented in SSAR Section 2.5.2 resulted from the
applicant’s surface and subsurface geological, seismological, and geotechnical investigations
performed in progressively greater detail as they moved closer to the ESP site.  The SSE is
based upon a detailed evaluation of earthquake potential, taking into account regional and local
geology, Quaternary tectonics, seismicity, and specific geotechnical characteristics of the site’s
subsurface materials.

SSAR Section 2.5.2 characterizes the ground motions at the ESP site from possible
earthquakes that might occur in the site region and beyond to determine the site SSE spectrum. 
The SSE represents the design earthquake ground motion at the site and the vibratory ground
motion for which certain nuclear power plant SSCs must be designed to remain functional. 
According to RG 1.165, applicants may develop the vibratory design ground motion for a new
nuclear power plant using either the EPRI or LLNL probabilistic seismic hazard analyses for the
CEUS.  However, RG 1.165 recommends that applicants perform geological, seismological,
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and geophysical investigations and evaluate any relevant research to determine whether
revisions to the EPRI or LLNL PSHA databases are necessary.  As a result, the staff focused
its review on geologic and seismic data published since the late 1980s which could indicate a
need for changes to the EPRI or LLNL PSHAs.

2.5.2.3.1  Seismicity

The staff focused its review of SSAR Section 2.5.2.1 on the adequacy of the applicant’s
description of the historical record of earthquakes in the region.  The historical earthquake
catalog used in the original EPRI analysis was complete through 1984.  Therefore, in addition to
reevaluating the EPRI seismicity catalog, the applicant added seismicity data for the time period
from 1985 through 2001.

The staff reviewed both the original EPRI seismicity catalog and the update to the catalog.  The
applicant added 30 more earthquakes to the regional catalog for the ESP site.  Figure 2.5.2-4
depicts the earthquake epicenters in the region surrounding the ESP site.  The more recent
events since 1984 are shown as solid dots.  The cluster of seismicity to the south-southwest of
the ESP site is from the CVSZ.  

Because the applicant used the EPRI seismicity catalog, which is part of the 1989 EPRI seismic
hazard study that the NRC endorsed, the staff concludes that the seismicity catalog used by the
applicant is complete and accurate thru 1984.  The staff compared the applicant’s update of the
regional seismicity catalog with its own listing of recent earthquakes and, as a result, concurs
with the applicant’s assertion that the rate of seismic activity in the region has not increased
since the completion of the original EPRI study in 1984.  

2.5.2.3.2  Geologic and Tectonic Characteristics of the Site and Region

The staff focused its review of SSAR Section 2.5.2.2, “Geologic Structures and EPRI Seismic
Source Model for the Site Region,” on the applicant’s characterization of potential seismic
sources in the region surrounding the ESP site.  The applicant evaluated recently published 
studies to determine if the seismic source models used for the 1989 EPRI study needed
updating.  The applicant concluded that there is no new information that would suggest
potentially significant modifications to the EPRI seismic source model, with the following three
exceptions—(1) the newly postulated ECFS, (2) the smaller recurrence interval for the
Charleston seismic source zone, and (3) the smaller recurrence interval for the New Madrid
seismic zone.

In RAI 2.5.2-4(a), the staff asked the applicant to provide additional seismicity parameters
beyond those shown in SSAR Tables 2.5-5 through 2.5-11 for the seismic sources surrounding
the ESP site.  In response to RAI 2.5.2-4(a), the applicant provided the recurrence parameters
(“a” and “b” values) used in the EPRI study for the latitude and longitude degree cell
encompassing the ESP site region.  Because the EPRI PSHA methodology and results have
been endorsed by RG 1.165, the staff used the information the applicant provided in response
to RAI 2.5.2-4(a) to determine if any of the seismicity parameters should be updated.  In
particular, the staff asked the applicant in RAI 2.5.2-4(b) to justify its decision to not update Mmax
values assigned to the CVSZ by the 1989 EPRI earth science teams (ESTs) considering the
1994 EPRI study, “Seismotectonic Interpretation and Conclusion from the Stable Continental
Region Database.”  In its response to RAI 2.5.2-4(b), the applicant stated that the 1994 EPRI 
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Figure 2.5.2-4 Regional seismicity for ESP site
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study was initiated in the mid-1980s specifically for use by the EPRI teams in their development
of the EPRI seismic source model.  Each of the EPRI teams had access to the preliminary
source zone geometry drawn from the 1994 EPRI study in their 1989 seismic source models. 
Because the Mmax values used by the EPRI teams generally encompass the  Mmax values
recommended by the 1994 EPRI study, the staff concludes that the applicant adequately
characterized the seismic source zones, particularly the CVSZ, surrounding the ESP site. 
Section 2.5.2.1.6 of this SER summarizes the applicant’s revisions to SSAR Section 2.5.2
resulting from RAI 2.5.2-4.

In RAI 2.5.2-7, the staff noted that some of the EPRI ESTs did not include the CVSZ as a
specific source and asked the applicant to describe how the modern and historical seismicity of
the CVSZ is distributed among either a specific source zone or a background source zone.  In
its response, the applicant described the source model used by each of the six EPRI teams to
characterize the CVSZ.  The staff reviewed each of the source models for the CVSZ that the
applicant provided in its response to ensure that it had adequately characterized the seismic
activity of the CVSZ.  The seismicity within the CVSZ has been included by each of the EPRI
ESTs as either a specific seismic source zone or as part of a background seismic source zone,
and the staff concludes that these source models are acceptable in this respect.

Based on its review of SSAR Section 2.5.2.2, “Geologic and Tectonic Characteristics of the Site
and Region,” and the applicant’s responses to the RAIs, as set forth above, the staff concludes
that the applicant adequately investigated and characterized the regional seismic sources.  The
staff concludes that the 1989 EPRI seismic source models, with the exceptions noted above,
remain valid for the ESP site.  In addition, the staff concludes that the applicant identified those
source zones that may need to be updated based on the results of its sensitivity studies,
presented in SSAR Section 2.5.2.6.

2.5.2.3.3  Correlation of Earthquake Activity with Seismic Sources

The staff focused its review of SSAR Section 2.5.2, “Correlation of Seismicity with Geologic
Structures and EPRI Sources,” on the applicant’s efforts to correlate seismicity with known
geologic features.  Based on a comparison of the updated earthquake catalog to the EPRI
catalog, the applicant concluded that none of the earthquakes within the site region can be
associated with a known geologic structure.  In addition, the applicant concluded that the
updated catalog does not show a unique cluster of seismicity that would suggest a new seismic
source outside of the EPRI seismic source model.  Since the seismicity in the region
surrounding the ESP site (see SSAR Figure 2.5-2) is not narrowly focused along any known
faults or fault zones, the applicant has used areal seismic source zones to characterize the
seismic hazard for the ESP site.  EPRI teams developed these areal source zones in the mid-
1980s.

The staff compared the applicant’s seismicity maps with its own and concludes that the
applicant has adequately investigated the correlation of earthquake activity with known geologic
sources.  In particular, the staff plotted the epicenters of the most recent earthquakes
surrounding the site (see SER Figure 2.5.2-4) and concurs with the applicant’s conclusion that
there are no new seismic sources that were not included in the 1989 EPRI seismic source
model.
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2.5.2.3.4  Probabilistic Seismic Hazard Analysis and Controlling Earthquakes

To evaluate the applicant’s PSHA and controlling earthquakes, the staff reviewed the
information presented in SSAR Sections 2.5.2.4, “A 1989 EPRI Probabilistic Seismic Hazard
Analysis, Deaggregation, and 1 Hz, 2.5 Hz, 5 Hz, and 10 Hz Spectral Velocities,” and 2.5.2.6,
“Safe Shutdown Earthquake Ground Motion.”  In SSAR Section 2.5.2.4, the applicant
reproduced the 1989 EPRI PSHA using the 1989 seismic sources, 1989 ground motion models,
and current PSHA computer program.  The applicant concluded that its current PSHA computer
program accurately models the 1989 EPRI results for the ESP site location.

For its PSHA, the applicant considered (1) a new regional earthquake catalog, (2) new
maximum magnitude information, (3) new seismic source characterizations, and (4) new ground
motion models.  Based on PSHA sensitivity studies, which incorporated each of these four
items, the applicant concluded that the more recent characterization of the Charleston seismic
source recurrence interval and the new ground motion models resulted in significant changes to
the PSHA for the ESP site. 

For Revision 3 (September 2004) of Section 2.5.2 of the SSAR, the applicant repeated its
deaggregation of the PSHA results to determine the controlling earthquake magnitudes and
distances.  Although the applicant used the same reference probability (mean 5x10-5), the most
recent deaggregation uses the mean PSHA hazard results rather than the median hazard
results to calculate the controlling earthquakes.  Because the mean hazard curves are higher
than the median curves, the applicant’s use of the mean curves is conservative. 

In its response to RAI 2.5.2-5, the applicant explained how it incorporated the alternative
characterization of the Charleston seismic source into the final PSHA.  It stated that the
alternative characterization of the Charleston source was evaluated both independently and
additively to conservatively assess the maximum possible change to the hazard at the North
Anna ESP site from this newly postulated source.  The revisions to the Charleston source
include a shorter recurrence interval (550 years) and different weights for the maximum
magnitude (Mw 6.8 to 7.5).  The ECFS-S seismic source was added to the source models for
each of the six EPRI teams for the final PSHA.  Because the applicant reduced the recurrence
interval, increased the weighting of higher Mmax, and also included the alternate source
geometry of the ECFS-S into the final PSHA, the staff concludes that the applicant
conservatively updated the characterization of the Charleston seismic source. This latter
modification is conservative because it amounts to counting the Charleston seismic source
twice.  The result of these changes to the PSHA is that the low-frequency controlling
earthquake for the ESP site has a magnitude  of 7.2 at a distance of 308 km.

In RAI 2.5.2-2, the staff asked the applicant to provide additional details on the 2003 EPRI
ground motion evaluation that it used for the ESP PSHA.  To update PSHAs in the CEUS, EPRI
sponsored a Senior Seismic Hazard Advisory Committee Level 3 analysis.  NUREG/CR-6372
provides the guidelines for performing this analysis.  The EPRI ground motion study used 13
different ground motion attenuation relationships grouped into four clusters.  In RAI 2.5.2-2(c),
the staff asked the applicant to provide the weight assigned to each of the 13 ground-motion
relationships within their respective cluster.  For cluster 1, EPRI gave the highest weight (0.90)
to the three attenuation relationships reported by Silva et al.  The staff inferred from this higher
weight that these relationships must have fit the data much better than other relationships. 
However, the applicant did not provide plots or tables of the residuals as a function of



Draft December 20042-166

attenuation relation, magnitude, distance, and frequency.  Therefore, the staff was unable to
evaluate the weighting EPRI selected for cluster 1.  Similarly, for clusters 2 and 3, the ground
motion experts applied higher weights to different attenuation relationships within each cluster. 
Neither the EPRI 2003 ground motion report or the applicant’s response to RAI 2.5.2-2 provided
the rationale for these weights.

In RAI 2.5.2-2(b), the staff asked the applicant to provide additional information on the Silva et
al. cluster 1 attenuation relationships.  In response, the applicant provided additional
documentation on these attenuation relationships.  The Silva et al. cluster 1 relationships use
an expression for the seismic attenuation parameter, Q, that is frequency dependent.  This
frequency-dependent Q value was derived from an inversion of the data from the 1988
Saguenay earthquake.  This inversion solves for Q, as well as the local site attenuation
parameter kappa and the stress drop, which is the difference between the initial stress before
and earthquake and the final stress.  The staff was unable to determine how the recordings
from a single earthquake can provide well-resolved values of both crustal Q and site kappa.  In
addition, the Q value of 317 at 1 Hz is much lower than values found in other studies of eastern
North American earthquakes.  In addition, other studies have found less frequency dependence
of Q in the east than in the west, which is contrary to the findings of Silva et al.

In RAI 2.5.2-2(d), the staff asked the applicant to explain the weights given to each of the four
clusters.  In response to RAI 2.5.2-2, the applicant stated that the expert panel members,
convened for the EPRI ground motion study, were asked to subjectively evaluate how well the
alternative ground motion models relied on seismological principles.  The staff considers the
applicant’s response to of RAI 2.5.2-2(d) to be somewhat indirect.  The applicant has provided
additional information, but the details still remain abstract in terms of specific “seismological
principles.”  The response emphasizes the ranking of model clusters and the judgments
involved in balancing data consistency and adherence to seismological principles.  However,
the applicant provided only abstract and very general references to these seismological
principles.  As a result, the staff was unable to evaluate the criteria or the weights applied to the
four clusters.

The staff does not consider that the applicant’s responses to the three issues outlined above
provide sufficient justification for applying the EPRI 2003 ground motion results in developing
SSEs for nuclear power plants.  This is Open Item 2.5-1.

With the exceptions noted above in the open item, the staff concludes that the applicant’s
PSHA adequately characterized the overall seismic hazard of the ESP site.  As set forth above,
the staff finds that the applicant’s underlying assumptions and update of the previous EPRI
PSHA adequately incorporated the most recent studies and evaluations of the seismic source
zones surrounding the ESP site.  The staff also concludes that the applicant’s controlling
earthquakes for the ESP site (M=5.4 at 20 km and M=7.2 at 308 km) are generally consistent
with previous PSHA results for the region.  In addition, the staff finds that the ground motions
developed by the applicant from the controlling earthquakes are consistent with the most recent
ground motion evaluations.  Accordingly, the staff concludes that the applicant followed the
guidance in RG 1.165 for evaluating the regional earthquake potential and determining the
ground motion resulting from the controlling earthquakes, except for the matters identified in the
open item above.
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2.5.2.3.5  Seismic Wave Transmission Characteristics of the Site

The staff focused its review of SSAR Section 2.5.2.5, “Seismic Wave Transmission
Characteristics of the Site,” on the applicant’s incorporation of the seismic wave transmission
characteristics of the material overlying the base rock at the site into the determination of the
SSE.  SSAR Section 2.5.4.7 provides a description of the transmission characteristics of the
site material.

According to the applicant’s responses to RAIs 2.5.2-1(c) and 2.5.2-8, the applicant’s SSE
represents the ground motion at a depth well below the ground surface.  However,
10 CFR 100.23(d)(1) states the following:

The Safe Shutdown Earthquake Ground Motion for the site is characterized by
both horizontal and vertical free-field ground motion response spectra at the free
ground surface.

As explained in more detail below, the staff has determined that the applicant’s SSE does not
represent the free-field ground motion at the free ground surface.  

Figure 2.5.2-5, which reproduces SSAR Figure 2.5-62, shows that the shear wave velocity
values for the ESP site reach a value of about 2500 feet per second (ft/s) at a depth of 60 feet.

This shear wave velocity value is well below that of the hard rock conditions (Vs = 9200 ft/sec)
assumed by the EPRI 2003 study for CEUS ground motion models.  In addition, the applicant
did not make shear wave velocity measurements at a depth greater than 65 feet.  Thus, the
hard rock shear wave velocity value of 9200 ft/s may not be reached at the ESP site until a
considerable depth below the ground surface.  According to SSAR Figure 2.5-62, from the
ground surface to a depth of 30 feet, the shear wave velocity at the ESP site varies from 600
ft/s to about 1300 ft/s.  The applicant needs to incorporate these lower shear wave velocities, as
well as other subsurface material properties and their uncertainties, into the determination of
the ESP site SSE.  In addition, the applicant should provide the site amplification or transfer
function for the staff to review.  The staff needs this information to determine that the applicant
has provided an SSE that meets the requirements of Appendix S to 10 CFR Part 50 and
10 CFR 100.23, which define the SSE as “free-field ground motion response spectra at the free
ground surface.”  This is Open Item 2.5-2.

2.5.2.3.6  Safe-Shutdown Earthquake Ground Motion

The staff focused its review of SSAR Section 2.5.2.5, “Safe Shutdown Earthquake Ground
Motion,” on the applicant’s procedure to determine the SSE.  For SSAR Revision 3, issued in
September 2004, the applicant used two different methods to determine the ground motion
response spectra for the ESP site.  The final SSE spectrum envelops the spectra from these
two methods.

Originally, the applicant used a new method to determine the site SSE, referred to as a
performance-based approach.  In RAI 2.5.2-1, the staff asked the applicant to explain how the
performance-based approach meets 10 CFR 100.23, which provide the geologic and seismic
siting criteria as well as a definition of the SSE.  In response to RAI 2.5.2-1, the applicant 
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Figure 2.5.2-5  Zone IIA shear wave velocity profile (a) full-depth shear wave velocity profile (b)
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explained how the performance-based approach is in conformance with the requirements of 10
CFR 100.23.  In RAI 2.5.2-9, the staff asked the applicant for further details on the
performance-based approach beyond those provided in SSAR Section 2.5.2.6.  In response to
RAI 2.5.2-9, the applicant provided further justification for the performance-based approach,
including the derivation of some of the key relationships. 

After reviewing the applicant’s responses to RAIs 2.5.2-1 and 2.5.2-9 regarding its
performance-based approach, the staff informed the applicant that it would need to devote
additional time and resources to review this new method.  In a letter dated August 19, 2004, the
applicant informed the staff that it would revise SSAR Section 2.5.2 to base the selected SSE
on the reference probability approach, in accordance with RG 1.165.  The applicant also
indicated that it would retain the performance-based approach in the SSAR as “alternate and
further justification for the final SSE.”  Since the applicant has chosen to determine the final
SSE in accordance with RG 1.165, the staff has decided that it will not evaluate the
performance-based approach for conformance with the requirements of 10 CFR 100.23 or
review the overall acceptability of the approach.  Therefore, the staff has not reached any
conclusion with respect to the information in the SSAR regarding the performance-based
approach or the applicant’s responses to RAIs 2.5.2-1 and 2.5.2-9 that pertain to the
performance-based approach.

In conjunction with its decision to base the final SSE on the reference probability approach in
accordance with RG 1.165, the applicant also decided to use a higher reference probability
(5x10-5) than that recommended by RG 1.165 (1x10-5).  In addition, the applicant chose to use
the mean PSHA curves rather than the median curves.  Because the mean hazard curves are
higher then the median curves, the applicant’s use of the mean curves is conservative.  In RAI
2.5.2-1(d), the staff asked the applicant to justify the proposed higher reference probability.  In
response to RAI 2.5.2-1(d), the applicant stated that it used a higher reference probability
because of (1) higher ground motion estimates from the 2003 EPRI ground motion models,
(2) shorter recurrence intervals for the New Madrid and Charleston seismic sources, and (3) the
use of the mean hazard instead of the median hazard.  Because the reference probability
recommended in RG 1.165 (1x10-5) is based on the late 1980s LLNL and EPRI PSHAs, the
staff concurs with the applicant’s conclusion that this value is likely to be out-of-date and overly
conservative. 

To evaluate the applicant’s use of a higher reference probability (5x10-5) and use of mean
rather than median PSHA results, the staff performed an independent analysis to reevaluate
the reference probabilities for the 29 nuclear power sites in the CEUS that were used to
determine the original reference probability.  For its independent analysis, the staff used the
2002 USGS PSHA mean and median hazard curves to determine the probability of exceeding
the SSEs for the 29 CEUS sites.  The staff also applied the same 5 Hz and 10 Hz site
correction factors that were used in the LLNL seismic hazard analysis, published in 1993. 
Although the staff has not officially endorsed the 2002 USGS PSHA results, the staff was able
to verify that the reference probability proposed by the applicant (5x10-5) is sufficiently
conservative.  

Using the RG 1.1.65 approach, the applicant determined ground motion response spectra for
the two controlling earthquakes (M=5.4 at 20 km and M=7.2 at 308 km).  The applicant then
enveloped these two response spectra, as well as the performance-based spectrum, with the
final ESP site SSE spectrum.  Based on its review of the applicant’s seismic source
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characterization, as described previously, and its independent analysis of the applicant’s
proposed higher reference probability, the staff concludes that the applicant’s approach for
determining the SSE response spectrum is acceptable.  However, the staff notes that Open
Items 2.5-1 (ground motion attenuation modeling) and 2.5-2 (incorporation of local site
conditions) will need to be resolved by the applicant prior to its establishing the final SSE
spectrum.

In SSAR Sections 2.5.2.6.9 and 2.5.2.6.10, the applicant alluded to future modifications of the
site SSE spectrum in order to obtain an “engineering design spectrum” (EDS), which represents
“the proper input into the large nuclear power plant structures.”  The applicant stated that the
ESP site SSE is not suitable for the design of the SSCs of nuclear power plants because of
high-spectral accelerations in the high-frequency range (about 15 to 30 Hz).  According to the
applicant, the EDS would take into account plant-specific structural characteristics and local site
conditions, as well as the ESP SSE spectrum.  However, the EDS is not included in the ESP
application because the applicant has not selected a specific reactor design.  The applicant
proposed to include the EDS as part of the COL application.  Because the applicant did not
provide any specific recommendations or procedures for developing the EDS, the staff cannot
evaluate the merits of the proposed approach.

The staff considers the SSE developed for the ESP site to be consistent with Appendix S to
10 CFR Part 50, which defines the SSE as the “vibratory ground motion for which certain
structures, systems, and components must be designed to remain functional.”  The applicant’s
compliance with 10 CFR 100.23(d), with regard to the SSE, is addressed in Section 2.5.2.3.5 of
this SER.  Future modifications of the SSE spectrum, if any, in an application for a COL or CP
will need to be compatible with 10 CFR Part 50 and 10 CFR Part 100.

2.5.2.4  Conclusions

As set forth above, the staff reviewed the seismological information submitted by the applicant
in SSAR Section 2.5.2.  On the basis of its review of SSAR Section 2.5.2 and the applicant’s
responses to the RAIs, and with the exceptions noted in the open items described above, the
staff finds that the applicant has provided a thorough characterization of the seismic sources
surrounding the site, as required by 10 CFR 100.23.  In addition, the staff finds that the
applicant has adequately addressed the uncertainties inherent in the characterization of these
seismic sources through a PSHA, and that this PSHA follows the guidance provided in RG
1.165.  The staff concludes that the controlling earthquakes and associated ground motion
derived from the applicant’s PSHA are consistent with the seismogenic region surrounding the
ESP site.  In addition, the staff finds that the applicant’s SSE was determined in accordance
with RG 1.165 and Section 2.5.2 of NUREG-0800, with the exception of matters described in
the open items above.  With these exceptions, the staff concludes that the proposed ESP site is
acceptable from a geological and seismological standpoint and meets the requirements of
10 CFR 100.23.

2.5.3  Surface Faulting

SSAR Section 2.5.3 describes the potential for tectonic fault rupture at the ESP site.  The
applicant concluded that the site has no potential for tectonic fault rupture since no capable
tectonic sources exist within a 5-mi radius of the ESP site.  SSAR Section 2.5.3.1 describes the
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applicant’s geological, seismological, and geophysical investigations to assess the potential for
surface faulting within a 5-mi radius of the ESP site.  SSAR Section 2.5.3.2 describes the
geologic evidence, or absence of evidence, for surface deformation.  SSAR Section 2.5.3.3
describes the correlation of earthquake epicenters with faults in the vicinity of the ESP site. 
SSAR Section 2.5.3.4 provides the ages of the most recent deformations in the site area. 
Finally, SSAR Sections 2.5.3.5 through 2.5.3.8 describe tectonic structures in the site area, the
absence of capable sources and Quaternary deformation, and the potential for tectonic or
nontectonic deformation at the site.

2.5.3.1  Technical Information in the Application

2.5.3.1.1 Surface Faulting Investigations

Geological, Seismological, and Geophysical Investigations.  According to SSAR Section
2.5.3.1, the applicant performed the following investigations to assess the potential for surface
faulting at and within a 5-mi radius of the ESP site:

• compilation and review of existing data
• interpretation of aerial photography
• field reconnaissance
• review of seismicity
• discussions with current researchers in the area

Based on previous site investigations performed for the existing NAPS Units 1 and 2, the
applicant concluded that (1) no evidence of surface rupture, surface warping, or the offset of
geomorphic features indicative of active faulting exists, (2) no historical seismic activity has
occurred in the site area, as the closest epicenter location is 30 miles away, and (3) inspections
of excavations during construction and examination of soil and rock samples from borings
reveal no evidence of geologically recent faulting.

The applicant performed aerial and field reconnaissance investigations within a 25-mi radius of
the ESP site, and it examined and interpreted aerial photographs of all known faults within
5 miles of the site.  Through these studies, the applicant verified the existence of mapped
bedrock faults in the site area and assessed the presence or absence of geomorphic features
that indicate potential Quaternary fault activity.

In addition to its own investigations, the applicant used USGS maps of the area, as well a
USGS compilation of all Quaternary faults, liquefaction features, and possible tectonic features
in the eastern United States, to assess the potential for surface faulting within a 5-mi radius of
the ESP site.

Geologic Evidence for Surface Deformation.  SSAR Section 2.5.3.2 lists the following bedrock
faults that are within 5 miles of the ESP site:

• Chopawamsic fault
• Spotsylvania thrust fault
• unnamed faults “a,” “b,” and “c”
• Sturgeon Creek fault
• Long Branch thrust fault
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All of these faults formed during the early Paleozoic Era as part of the regional Taconic orogeny
and may have become reactivated during later Paleozoic orogenies (Acadian and Allegheny). 
The applicant stated that several of the faults may have been locally reactivated during the
Triassic episode of continental rifting; however, none of these faults border Triassic basins,
implying that Triassic reactivation, if any, was not significant.  Figure 2.5.3-1, reproduced from
SSAR Figure 2.5-56, shows these Paleozoic faults on an ESP site vicinity geologic map.

SSAR Section 2.5.3.2 states that the applicant identified no deformation or geomorphic features
indicative of potential Quaternary activity in the literature or during aerial and field
reconnaissance.  In addition, the recent USGS compilation of all Quaternary faults, liquefaction
features, and possible tectonic features in the eastern United States includes none of the faults
listed above as potential Quaternary faults.

In RAI 2.5.3-1, the staff asked the applicant to provide additional detail on its field investigations
and aerial reconnaissance of the site area.  In response to RAI 2.5.3-1, the applicant stated that
it performed aerial and field reconnaissance along faults within a 5-mi radius of the ESP site. 
The applicant’s reconnaissance emphasized unnamed fault “a” and the Sturgeon Creek fault
because of their proximity to the site.  In addition, the applicant covered parts of the
Spotsylvania, Chopawamsic, and Long Branch faults where these faults are accessible by road
and/or where they offset a plutonic or metamorphic stratigraphic contact.  The applicant stated
that all of the faults in the site area cross gently rolling topography, with relief on the order of
200 feet, and that this rolling topography formed through dissection and erosion of a once
broad, continuous Miocene pediment that extended across the region.  The applicant concluded
that for all seven faults within the site area, there is no evidence or criteria that would suggest
Quaternary activity on these structures.

Foundation excavations for the abandoned NAPS Units 3 and 4 exposed the unnamed bedrock
fault “a” traversing the North Anna site.  Detailed investigations of this fault show no evidence of
Quaternary faulting.  Therefore, the applicant concluded that this fault is not a capable tectonic
source.  In reviewing the applications for construction permits for abandoned NAPS Units 3 and
4, the applicant indicated that the Atomic Energy Commission (which subsequently became the
NRC) accepted this position in its 1974 SER for Units 3 and 4. 

In RAI 2.5.3-2, the staff asked the applicant to further support its conclusion that unnamed fault
“a” does not extend beyond the ESP site, as mapped by Pavlides (Ref. 36, SSAR Section
2.5.2).  In its response, the applicant stated that the NAPS licensee discovered fault “a” in 1973
during the foundation excavation for the abandoned NAPS Units 3 and 4 and subsequently
mapped fault “a” for a distance of about 3000 feet.  The licensee did not observe fault “a” in the
foundation excavations for the existing Units 1 and 2.  The applicant stated that Pavlides, who
is deceased, did not provide an explanation for extending fault “a” for a total distance of about
7 miles.  Subsequently, Mixon and others (Ref. 66, SSAR Section 2.5.2) adopted Pavlides’
interpretation of the extent of fault “a.”  The applicant stated that Pavlides did not map any
offset stratigraphic contacts in the Lake Anna area to support the mapped location of the fault. 
In addition, a close inspection of the original mapping by Pavlides compared to the compilation
map by Mixon shows that the offsets that are apparently mapped in the stratigraphic contacts
appear to be a compilation error.  The applicant provided further evidence to support its original
mapping of fault “a” in response to RAI 2.5.3-1. 
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Figure 2.5.3-1  Site vicinity geologic map and seismicity (25-mi radius)
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Correlation of Earthquake with Capable Tectonic Sources.  SSAR Section 2.5.3.3 states that no
reported historical earthquake epicenters have been associated with bedrock faults within a 25-
mi radius of the ESP site vicinity.  The applicant established a seismic monitoring network for
NAPS and recorded very small earthquakes (microearthquakes) over a 3.5-yr period from 1974
to 1977.  The applicant used this monitoring program to determine if seismic activity could be
associated with faults in the site area or if Lake Anna was producing reservoir-induced
seismicity.  The applicant concluded that the microearthquakes detected in the site area could
not be associated with either faults in the site area or with the impoundment of Lake Anna. 
Four of the original 17 seismic monitoring stations in the network were incorporated into the VT
Central Virginia Monitoring Network for the specific purpose of monitoring any changes in
seismicity in the region of the NAPS.  To date, no changes in local earthquake activity have
been observed that would alter the conclusions regarding the lack of association of
microearthquakes with faults in the site area.  Microearthquakes in the site area occur at a level
no greater than the spatially varying background activity found in the CVSZ.

Ages of Most Recent Deformations.  SSAR Section 2.5.3.4 states that none of the seven faults
within 5 miles of the ESP site exhibit evidence of Quaternary activity.  All of these faults formed
during the Paleozoic Era as part of the Taconic orogeny and may have been reactivated during
later Paleozoic orogenies or during the Triassic continental rifting.  Based on a review of the
available literature and field investigations, the applicant concluded that the seven bedrock
faults within 5 miles of the site are old structures that formed during the Paleozoic age
orogenies or early Mesozoic age rifting.

Relationship of Tectonic Structures in Site Area to Regional Tectonic Structures.  SSAR Section
2.5.3.5 states that the seven faults in the site area are located within the Chopawamsic belt,
which is interpreted to be an island-arc that was accreted to North America during the Taconic
orogeny.  Following the Taconic orogeny, rocks of the Chopawamsic belt were deformed and
thrust westward during the Acadian and Allegheny orogenies that occurred later during the
Paleozoic Era.  Extensional tectonics may have also affected the rocks in the Chopawamsic
belt during the Mesozoic rifting.

Characterization of Capable Tectonic Sources.  SSAR Section 2.5.3.6 states that no capable
tectonic sources exist within 5 miles of the ESP site.

Designation of Zones of Quaternary Deformation Requiring Detailed Fault Investigations. 
SSAR Section 2.5.3.7 states that no zones of Quaternary deformation warrant detailed
investigations within the site area.

Potential for Tectonic or Nontectonic Deformation at the Site.  SSAR Section 2.5.3.8 states that
the ESP site has a negligible potential for tectonic deformation.  Since the original studies in the
early 1970s, no new information has been reported to suggest the existence of any Quaternary
surface faults or capable tectonic sources within the site area.  In addition, the site shows no
evidence of nontectonic deformation, such as glacially induced faulting, collapse structures,
growth faults, salt migration, or volcanic intrusion.

2.5.3.2  Regulatory Evaluation

SSAR Section 2.5.3 describes the applicant’s evaluation of the potential for surface deformation
that could affect the site.  In SSAR Section 1.8, the applicant stated that the information
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presented in SSAR Section 2.5.3 conforms with the requirements of GDC 2 of Appendix A to
10 CFR Part 50, Appendix S to 10 CFR Part 50, and 10 CFR 100.23.  The applicant also stated
that it developed the geological, seismological, and geophysical information used to evaluate
the potential for surface deformation in accordance with the guidance presented in NUREG-
0800, Revision 3, Section 2.5.3, and RGs 1.70, 1.132, 1.165, and 4.7.  The staff finds that the
applicant identified the regulatory requirements and guidance applicable to determining the
potential for near-surface tectonic and nontectonic deformation.  The staff notes that application
of Appendix S in this portion of an ESP review, as referenced in 10 CFR 100.23(d), is limited to
characterizing the potential for surface deformation as bases for design.
 
In its review of the application, the staff considered the regulatory requirements in
10 CFR 100.23(d)(2), which state that an applicant for an ESP must determine the potential for
surface tectonic and nontectonic deformations.  Section 2.5.3 of NUREG-0800 and RG 1.165
provide specific guidance concerning the evaluation of information characterizing the potential
for surface deformation, including the geological, seismological, and geophysical data that the
applicant must provide to establish the potential for surface deformation.

2.5.3.3  Technical Evaluation

This section of the SER provides the staff’s evaluation of the seismological, geological, and
geophysical investigations carried out by the applicant to address the potential for surface
deformation that could affect the site.  The technical information presented in SSAR Section
2.5.3 resulted from the applicant’s surface and subsurface investigations performed in
progressively greater detail as they moved closer to the ESP site.  Through its review, the staff
determined whether the applicant complied with the applicable regulations and whether the
applicant conducted its investigations with an appropriate level of thoroughness.

In order to thoroughly evaluate the surface faulting investigations performed by the applicant,
the staff sought the assistance of the USGS.  The staff and its USGS advisors visited the ESP
site and met with the applicant to assist in confirming the interpretations, assumptions, and
conclusions presented by the applicant concerning potential surface deformation.  Specific
areas of review include the geological investigations (SSAR Section 2.5.3.1), evidence for
surface deformation (SSAR Section 2.5.3.2), correlation of earthquake activity with capable
seismic sources (SSAR Section 2.5.3.3), ages of most recent deformations (SSAR Section
2.5.3.4), site area and regional tectonic relationships (SSAR Section 2.5.3.5), characterization
of capable tectonic sources (SSAR Section 2.5.3.6), Quaternary deformation in the site region
(SSAR Section 2.5.3.7), and the potential for surface tectonic deformation at the site (SSAR
Section 2.5.3.8).

2.5.3.3.1  Surface Faulting Investigations

The staff focused its review of SSAR Sections 2.5.3.1 through 2.5.3.8 on the adequacy of the
applicant’s investigations to ascertain the potential for surface deformation that could affect the
site.  The staff reviewed the applicant’s summary of previous site investigations performed for
the existing NAPS Units 1 and 2 and the abandoned NAPS Units 3 and 4, as well as recent
investigations.  

In RAI 2.5.3-1, the staff asked the applicant to provide additional detail on its field investigations
and aerial reconnaissance of the site area.  In its response, the applicant stated that it
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performed aerial and field reconnaissance along faults within a 5-mi radius of the ESP site. 
The applicant’s reconnaissance emphasized unnamed fault “a” and the Sturgeon Creek fault
because of their proximity to the site.  In addition, the applicant covered parts of the
Spotsylvania, Chopawamsic, and Long Branch faults where these faults are accessible by road
and/or where the faults offset a plutonic or metamorphic stratigraphic contact.  The applicant
stated that all of the faults in the site area cross gently rolling topography, with relief on the
order of 200 feet, and that this rolling topography formed through dissection and erosion of a
once broad, continuous Miocene pediment that extended across the region.  The applicant
concluded that, for all seven faults within the site area, no evidence or criteria suggest
Quaternary activity on these structures.  Based on its review of the evidence presented by the
applicant’s response to RAI 2.5.3-1, particularly the applicant’s documentation of its field
reconnaissance, the staff concludes that the applicant adequately investigated the potential for
surface deformation in the site area.  The staff and its consultants, the USGS, also visited the
site area and viewed the continuous gently inclined Miocene surface referred to in the
applicant’s response.  The staff and its consultants did not observe evidence for Quaternary
activity on any of these local faults and conclude that the applicant has adequately investigated
the potential for surface deformation as required by 10 CFR 100.23.

In RAI 2.5.3-2, the staff asked the applicant to further support its conclusion that unnamed fault
“a” does not extend beyond the ESP site as mapped by Pavlides (Reference 36, SSAR 2.5.2).
In its response, the applicant stated that the NAPS licensee discovered fault “a” in 1973 during
the foundation excavation for the abandoned NAPS Units 3 and 4 and subsequently mapped
fault “a” for a distance of about 3000 feet.  The licensee did not observe fault “a” in the
foundation excavations for the existing NAPS Units 1 and 2.  The applicant stated that Pavlides,
who is deceased, did not provide an explanation for extending fault “a” for a total distance of
about 7 miles.  Subsequently, Mixon and others (Ref. 66, SSAR Section 2.5.2) adopted
Pavlides’ interpretation of the extent of fault “a.”  The applicant stated that Pavlides did not map
any offset stratigraphic contacts in the Lake Anna area to support the mapped location of the
fault.  In addition, the applicant’s inspection of the original mapping by Pavlides compared to the
compilation map by Mixon showed that the offsets apparently mapped in the stratigraphic
contacts appear to be a compilation error.  During its field reconnaissance, the applicant found
no scarps or lineaments along the extended trace of fault “a” as mapped by Pavlides.  The staff
notes that the NAPS licensee’s trenching of the fault “a” showed that it is most likely a minor
fault or bedrock shear within the Ta River metamorphic suite and that it is very unlikely that
such a minor fault could be recognized or mapped over a significant distance without a
significant number of exposures.  The applicant provided further evidence, described above, to
support its original mapping of fault “a” in response to RAI 2.5.3-1.  Based on this evidence, the
staff concludes that fault “a” is unlikely to extend much farther than originally mapped by the
applicant.   

In SSAR Table 1.9-1, “ESP Site Characteristics and Design Parameters,” the applicant
identified the item “Capable Tectonic Structures or Sources” as an ESP site characteristic and
design parameter.  This item specifies that no fault displacement potential exists within the
investigative area.  As described above, the staff reviewed the applicant’s description of
unnamed fault “a” in SSAR Section 2.5.3.2.2 and concludes that the ESP site has no fault
displacement potential.

Based on its review of SSAR Sections 2.5.3.1 through 2.5.3.8 and the applicant’s responses to
the RAIs noted above, the staff concludes that the applicant adequately investigated the
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potential for surface faulting in the site area.  The staff concludes that the applicant performed
extensive field and aerial reconnaissance of the local faults and concurs with the applicant’s
assertion that there are no capable faults within the site area.  The staff and its consultants, the
USGS, also visited the site area and were able to view some of these local faults.  Based on its
site visit and its review of SSAR Section 2.5.3, as set forth above, the staff concurs with the
applicant’s conclusion that there is no evidence of Quaternary folding or faulting that could be
associated with these local faults.

2.5.3.4  Conclusions

In its review of the geological and seismological aspects of the ESP site, the staff considered
the pertinent information gathered by the applicant during the regional and site-specific
geological, seismological, and geophysical investigations.  As a result of this review, described
above, the staff concludes that the applicant performed its investigations in accordance with
10 CFR 100.23 and RG 1.165 and provided an adequate basis to establish that no capable
tectonic sources exist in the site vicinity that would cause surface deformation in the site area. 
The staff concludes that the site is suitable from the perspective of tectonic surface deformation
and meets the requirements of 10 CFR 100.23.  In addition, the staff finds that the applicant
appropriately considered the most severe surface deformation historically reported for the site
and surrounding area, with sufficient margin for uncertainties, and satisfies GDC 2 in that
respect.

2.5.4  Stability of Subsurface Materials and Foundations

SSAR Section 2.5.4 presents information on the stability of subsurface materials and
foundations at the ESP site.  Section 2.5.4.2 describes the engineering properties of the
subsurface materials, Section 2.5.4.3 summarizes both the previous subsurface investigations
and ESP exploration program, Section 2.5.4.4 summarizes geophysical investigations
performed at the site, Section 2.5.4.5 describes the extent of anticipated excavations, fills, and
slopes, Section 2.5.4.6 describes the ground water conditions at the site, Section 2.5.4.7
provides the response of subsurface materials to dynamic loading, and Section 2.5.4.8
describes the liquefaction potential of the site.  Sections 2.5.4.1, “Geologic Features,” 2.5.4.9,
“Earthquake Design Basis,” and 2.5.4.11, “Design Criteria,” refer to topics that the SSAR covers
in greater detail elsewhere.  Finally, Section 2.5.4.12, “Techniques to Improve Subsurface
Conditions,” summarizes techniques that would be used to improve subsurface conditions.

2.5.4.1  Technical Information in the Application

2.5.4.1.1  Geologic Features

SSAR Section 2.5.4.1 refers to the description of regional and site geologic features to SSAR
Sections 2.5.1.1 and 2.5.1.2.  Section 2.5.1.3 of this SER contains the technical evaluation of
this information.
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2.5.4.1.2  Properties of Subsurface Materials 

SSAR Section 2.5.4.2 describes the static and dynamic engineering properties of the ESP site
subsurface materials.  Section 2.5.4.2 also describes the subsurface materials, as well as
laboratory test results and the engineering properties of the subsurface materials.

Description of Subsurface Materials.  The applicant stated that it derived the properties of the
subsurface materials encountered at the site from 140 subsurface borings made to date at both
the NAPS and the ESP sites.  The applicant divided the subsurface materials into five zones
and described them as summarized below.  Figures 2.5.4-1 and 2.5.4-2, reproduced from
SSAR Figures 2.5-57 and 2.5-58, show two subsurface profiles (A-A’ and B-B’) that depict the
layering of each of the soil and rock zones beneath the ESP site as well as the ESP borehole
locations.

Zone IV Bedrock  

Zone IV is composed of fresh to slightly weathered gneiss, which is a metamorphic rock that
exhibits a banded texture (foliation) in which light and dark bands alternate.  Gneiss is
composed of feldspar, quartz, and one or more other minerals such as mica and hornblende. 
The top of the Zone IV (including Zone III-IV) bedrock at the ESP site ranges from an elevation
of 188 ft to 298 ft.

Zone III Weathered Rock  

The weathered rock has the same constituents as the parent rock.  It is described as
moderately to highly weathered rock, sometimes with unweathered seams and sometimes with
a high fracture frequency.  It is defined as having at least 50 percent core stone.  The top of the
Zone III bedrock at the ESP site ranges from an elevation of 205 ft to 298 ft.

Zone IIA and IIB Saprolites 

Saprolites are a further stage of weathering beyond weathered rock.  They have been produced
by the disintegration and decomposition of the bedrock in place and have not been transported. 
Although classified as soils, saprolites contain the relict structure of the parent rock, as well as
some core stone of the parent rock.  The ESP site saprolites in many instances maintain the
foliation characteristics of the parent rock.  They are classified primarily as silty sands, although
there are also sands, clayey sands, sandy silts, clayey silts, and clays, depending on their
degree of weathering.  The fabric is anisotropic.  The texture shows angular geometrically
interlocking grains with a lack of void network, very unlike the well-pronounced voids found in
marine or alluvial sands and silts. 

The distribution of the Zone IIA and IIB saprolites varies throughout the site.  On average, the
Zone IIB saprolites represent about 20 percent of the saprolites on site and are typically very
dense, silty sands with 10 to 50 percent core stone.  The thickest Zone IIB deposit encountered
in the borings is 37 feet.  The overlying Zone IIA saprolites comprise, on average, about 80
percent of the saprolitic materials on site.  About 75 percent of the Zone IIA saprolites are
classified as coarse grained (sands, silty sands), while the remainder are fine grained (clayey
sands, sandy and clayey silts, and clays).  The saprolites typically become finer toward the
ground surface.  The thickest Zone IIA deposit encountered in the borings is 101 feet.
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Figure 2.5.4-1  Subsurface Profile A-A'
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Figure 2.5.4-2  Subsurface Profile B-B'
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Zone I and Fill  

Typically, very little Zone I residual soil exists onsite; on average, less than one percent of the
soil is Zone I.  The Zone I soils are either at the surface or are immediately below the fill placed
during construction of the earlier units.  This fill generally consists of Zone IIA soils.  

Laboratory Testing.  SSAR Section 2.5.4.2.4 describes the results of numerous laboratory tests
of soil and rock samples performed previously, as well as the new tests performed for the ESP
site investigation.  The applicant performed the large majority of the tests on the Zone IIA
saprolite soils for the various investigations for the SWR for the existing NAPS units; the
following briefly summarizes these investigations.

Laboratory Tests for the SWR
  
The laboratory testing of the SWR soils focused on the strength, compressibility, and
liquefaction potential of the Zone IIA saprolites.  The tests include (1) cyclic triaxial tests to
provide input for liquefaction potential of the soils, (2) static triaxial shear tests including both
consolidated-undrained as well as unconsolidated-undrained tests to determine shear strength
parameters, (3) consolidation tests to determine the deformation behavior under various
loadings, and (4) examinations of thin sections to determine the fabric, texture, and mineralogy
of the saprolite.  Appendix A to SSAR Section 2.5.4 presents the results of the laboratory
testing of the SWR soils, which the applicant used to determine liquefaction potential, static
stability, and the response of the soil to dynamic loading.

Laboratory Tests for ESP 

The applicant performed laboratory testing for the ESP investigation to verify the large number
of test results for previous investigations.  The ESP tests focused on (1) verifying the basic
properties of the Zone IIA saprolite, (2) obtaining chemical tests on the Zone IIA saprolites for
corrosiveness toward buried steel and aggressiveness toward buried concrete, and
(3) obtaining additional strength and elastic modulus data for the bedrock on which the main
safety-related structures might be founded.  Appendix B to SSAR Section 2.5.4 presents the
results of the ESP laboratory tests, summarized in SSAR Table 2.5-43.  Engineering properties
listed in SSAR Table 2.5-43 include (1) Atterberg limits (i.e., liquid, plastic, and plasticity),
(2) sieve weight percentages using a #200 sieve (0.075 mm opening), and (3) soil chemistry
(i.e., pH, chlorides, and sulfates).  The applicant stated that the ESP laboratory test results are
similar to those obtained from previous testing.

Engineering Properties.  Table 2.5-45 of the SSAR presents the engineering properties of
materials in subsurface Zones IIA, IIB, III, III-IV, and IV, which the applicant derived from the
previous studies and from ESP field exploration and laboratory testing programs.  These
properties include natural moisture content, undrained shear strength, effective cohesion,
effective friction angle, total unit weight, standard penetration test (SPT) blow count values,
shear and compression wave velocities, elastic and shear moduli, consolidation characteristics,
and static earth pressure coefficients.  The following describes the sources and/or methods
used to develop the selected properties shown in SSAR Table 2.5-45.
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Rock Properties  

The results given in SSAR Table 2.5-41 provide the basis for the recovery and rock quality
designations (RQDs).  The ESP rock strength results shown in SSAR Table 2.5-44 and the rock
strengths from the investigations for the existing units form the basis for the unconfirmed
compressive strength.  The unit weight is based on the values measured in the ESP rock
strength tests (SSAR Appendix 2.5.4B).

The elastic modulus values are based on the values shown in SSAR Table 2.5-44.  These
values agree well with those derived from the geophysical tests performed for the ESP
exploration program, as described in SSAR Section 2.5.4.4.2.  The shear modulus values are
derived from the elastic modulus values using the Poisson’s ratio values given in SSAR Table
2.5-45, which are based on the values provided in SSAR Table 2.5-44.  Low- and high-strain
modulus values are essentially the same for high-strength rock (i.e., for the Zone IV rock). 
Similarly, no strain softening is assumed for the Zone III-IV rock.  The shear and compression
wave velocities are based on the crosshole and downhole seismic tests performed as part of
the ESP exploration program.  These results, summarized in SSAR Section 2.5.4.4.2, agree
with those of the geophysical tests performed for the existing units.

In RAI 2.5.4-2(a), the staff asked the applicant to describe the extent of severely weathered
fracture zones in the Zone III-IV and Zone IV rock that the licensee observed during the site
investigation for abandoned Units 3 and 4.  The applicant observed similarly fractured rock in
four of the seven ESP borings.  In response to RAI 2.5.4-2, the applicant provided a table that
showed an RQD of less than 25 percent in nine of the borings for abandoned Units 3 and 4. 
The applicant noted that most of the rock thicknesses for the low RQD intervals (less than 10
percent) are only 1 to 2 feet thick.  In RAI 2.5.4-2(b), the staff asked the applicant to describe
the impact of these fractured rock zones on the suitability of the site to host safety-related
structures.  In response to RAI 2.5.4-2(b), the applicant stated the following:

As noted in these SSAR sections, any weathered or fractured zones
encountered at foundation level would be excavated and replaced with lean
concrete.  If such zones exist below sound rock beneath the foundation, they
would have no impact on the stability of the foundation, since these zones are
typically only 0.5 to 1-foot thick, and are confined within an unfractured rock
mass with strengths of 4,000 to 12,000 psi (compared to the maximum
foundation pressure of just over 100 psi).  The foundation itself would consist of
a large, thick, highly-reinforced concrete mat that is so stiff that it cannot logically
yield.

Multiple borings would be performed at each structure location once the building
locations are chosen as part of detailed engineering.  These borings would
identify whether there are any thicker fracture zones beneath the foundation than
those encountered in the ESP borings and in the abandoned Units 3 and 4
borings.  If any thicker zones are found, analysis would be performed to identify
their impact on foundation stability.  If they are close enough to the foundation to
potentially impact stability, they would be excavated and replace with lean
concrete.
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Soil Properties  

Grain size curves from 13 sieve analyses of Zone IIA silty sand samples from the ESP
laboratory testing program fit within the envelope of the 12 sieve analyses of Zone IIA silty
sands sampled from borings near the SWR pump house.  The natural moisture content of the
fine-grained Zone IIA saprolite, determined from the moisture content tests performed on fine-
grained Zone IIA saprolites for the past and the present (ESP) investigations, range from 14 to
56 percent.  

The applicant estimated undrained shear strength of the fine-grained Zone IIA saprolite from
SPT N-values and cone penetrometer test (CPT) results, as well as from the results of 18
unconsolidated-undrained triaxial compression tests and 3 unconfined compression tests.  The
effective strength parameters for the fine-grained saprolite are based on the results of
consolidated-undrained triaxial tests on fine-grained saprolite run for the previous ISFSI (Ref. 6,
SSAR Sec 2.5) and SWR investigations (SSAR 2.5.4 Appendix A).

The applicant stated that it would typically assume an effective angle of internal friction of the
medium-dense coarse-grained saprolite (N=20 blows/ft) of about 35 degrees.  However, the
high silt content and the presence of low-plasticity clay minerals reduce this angle. 
Consolidated-undrained triaxial tests reported in Appendices 2C and 3E to the updated final
safety analysis report (UFSAR) for the existing units produced internal friction angles ranging
from 23 to 33 degrees, with a median of 30.8 degrees.  Thus, the applicant selected an angle of
30 degrees.  The average effective cohesive component from the UFSAR Appendix 2C tests is
0.275 kps per square foot (ksf).  The applicant selected a value of 0.25 ksf for the cohesive
component.

Based on a large amount of testing performed after low unit weights were measured in the
Zone IIA saprolites in the SWR area, the NAPS licensee concluded that there are isolated lower
densities, but that these are not typical.  Table 3.8-13 of the NAPS UFSAR identifies 125
pounds per cubic foot (pcf) as a design total unit weight.  The 130 pcf shown in SSAR Table
2.5-45 for the Zone IIB saprolites reflects the high relative density of that material.

The applicant stated that the SPT design N-value of 20 blows/ft for the Zone IIA saprolite is
conservatively based on the results reported in SSAR Table 2.5-40.  Those results show
median N-values for the ESP and ISFSI investigations of 21 blows/ft, with the median N-values
for the existing units, abandoned Units 3 and 4, and SWR investigations ranging from 25 to 52
blows/ft.

The shear wave velocities measured in the ESP crosshole seismic tests in the Zone IIA sandy
silt from a depth of 7.5 to 27 feet range from 650 to 1350 ft/s, with an average of 998 ft/s.  The
CPT seismic results are somewhat higher.  The UFSAR has a value of 950 ft/s for the Zone IIA
saprolite.  The applicant selected a value of 950 ft/s for the Zone IIA saprolite, as shown in
SSAR Table 2.5-45.  For the Zone IIB saprolite, the shear wave velocity derived from the low
strain value of shear modulus agrees well with the results from the CPT seismic tests, at
around 1600 ft/s.  Section 2.5.4.7 of the SSAR gives the profile of shear wave velocity versus
depth for the saprolite. 

The applicant derived the high-strain (i.e., in the range of 0.25 to 0.5 percent) elastic modulus
values for the coarse-grained Zone IIA saprolite and the Zone IIB saprolite using the



Draft December 20042-184

relationship with the SPT N-value given in the literature (Ref. 151, SSAR Section 2.5).  In
addition, the applicant derived the high-strain elastic modulus for the fine-grained Zone IIA
using the relationship with undrained shear strength (also given in SSAR Ref. 151).  The
applicant stated that it slightly adjusted the Zone IIA coarse and fine-grained values to obtain a
common value.  The applicant obtained the shear modulus values from the elastic modulus
values using the relationship between elastic modulus, shear modulus, and Poisson’s ratio. 
The applicant derived the low-strain (i.e., 10-4 percent) shear modulus for the Zone IIA saprolite
from the shear wave velocity of 950 ft/s.  Similarly, the applicant derived the low-strain shear
modulus of the Zone IIB saprolite from the shear wave velocity of 1600 ft/s.  The applicant
obtained the elastic modulus values for the Zone IIB saprolite from the shear modulus values
using the relationship between elastic modulus, shear modulus, and Poisson’s ratio (Ref. 150,
SSAR Section 2.5).

The values derived from the settlement studies performed for the SWR pump house, as
detailed in Appendix 3E to the UFSAR, include the recompression ratio and the coefficient of
secondary compression.  The values of unit coefficient of subgrade reaction are based on
values for medium-dense sand (Zone IIA saprolite) and very dense sand (Zone IIB saprolite)
provided by Terzaghi (Ref. 152, SSAR Section 2.5).  The earth pressure coefficients are
Rankine values, assuming level backfill and a zero friction angle between the soil and the wall.

In RAI 2.5.4-4, the staff asked the applicant to explain how the total thickness of the soil layers
sampled at the ESP site (105 ft) is sufficient to characterize the soil properties underlying the
site.  The applicant responded that the 138 borings previously performed by the licensee for
Units 1 and 2 as well as the abandoned Units 3 and 4 characterize the soils at the North Anna
site very well.  The applicant stated that the soils in all of borings show the same general
subsurface profile and that it used the ESP borings to show that the soil (and rock) profiles in
each of the borings fit within the general subsurface profile. 

Chemical Properties  

The applicant performed chemical tests on selected Zone IIA samples.  In addition to the tests
performed for the ESP site investigation (see the results shown in SSAR Table 2.5-43), the
licensee previously performed chemical tests on two samples from the subsurface investigation
for the existing units.  The six pH test results range from 5.7 to 6.9, in the mildly corrosive to
neutral range.  The six sulfate test results range from about 1 to 28 parts per million (ppm),
indicating no aggressiveness toward concrete.  Three of the chloride test results range from
100 to 170 milligrams per kilogram (mg/kg), indicating little corrosive potential toward buried
steel.  The fourth chloride test produced 920 mg/kg, indicating potential corrosiveness toward
buried steel. 

2.5.4.1.3  Exploration

SSAR Section 2.5.4.3 describes the previous subsurface investigations performed at the NAPS
site as well as the ESP exploration program.

Previous Subsurface Investigation Programs.  For the existing Units 1 and 2, the NAPS
licensee performed 60 borings in 1968, with boring depths ranging from 20 to 150 feet.  For the
abandoned Units 3 and 4, the licensee performed 47 borings in 1971, with boring depths
ranging from 40 to 175 feet.  The licensee performed an additional 22 borings in 1975 and
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1976, as well as 9 borings in 1994 for the ISFSI.  The borings used SPT sampling, Dames and
Moore soil samplers, and NX-size double-tube core barrels for rock coring.  SSAR Tables
2.5-30 through 2.5-37 summarize the boring locations, the elevations for each of the subsurface
zones, and RQDs.  Figure 2.5.4-3, reproduced from SSAR Figure 2.5-59, shows the locations
of the previous borings.

In RAI 2.5.4-3, the staff asked the applicant to describe how it integrated the NAPS licensee’s
site investigations for the SWR and the independent spent fuel storage installation (ISFSI) with
its field investigations for the ESP site.  The applicant responded that the SWR and ISFSI
borings are as close to the ESP area as any other borings and disclosed the same subsurface
profile displayed by the other borings at the North Anna site (see SER Figure 2.5.4-3).  In
addition, the applicant stated that it used some of the SWR and ISFSI borings, which are close
to the southeast corner of the ESP footprint, noted in RAI 2.5.4-1, to help characterize the ESP
area. 

ESP Subsurface Investigation Program.  The applicant stated that it performed the ESP
subsurface investigation in 2002, covering the area proposed for the new units and the cooling
towers for the new units.  This investigation consisted of relatively few exploration points,
compared to previous field explorations for the existing units, abandoned units, SWR, and
ISFSI.  According to the applicant, it designed the ESP field explorations primarily to confirm the
results obtained from the previous extensive investigations.  The applicant stated that it would
perform additional structure-specific exploration and testing during detailed engineering, and a
COL application would describe this testing.  Figure 2.5.4-4, reproduced from SSAR Figure
2.5-60, shows the ESP exploration point locations.

The scope of work related to the ESP site investigation consisted of the following:

• seven exploratory borings
• nine observation wells
• eight CPTs
• two downhole seismic cone tests
• two pore pressure dissipation tests
• two sets of crosshole seismic tests
• one downhole seismic test
• a survey of all exploration points
• laboratory testing of borehole samples and cores

Appendix B to SSAR Section 2.5.4 provides details and results of the exploration program.  The
following summarizes the borings, observation wells (OWs), and CPTs.

Borings and Samples/Cores 
 
According to the applicant, the seven borings drilled range from 50 to 170 feet in depth,
averaging 85 feet.  The 170-ft deep boring is 30 feet deeper than the deepest reactor design
considered for the ESP.  The applicant stated that it conducted the SPT in general accordance
with American Society for Testing and Materials (ASTM) D1586 and performed rock coring in
general accordance with ASTM D2113.  The applicant stated that, after removal from the SPT
split inner barrel, it carefully placed the recovered rock in wooden core boxes.  The onsite 
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Figure 2.5.4-3  Locations of previous boreholes
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Figure 2.5.4-4     ESP borehole locations
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geologist visually described the core, noting the presence of joints and fractures and
distinguishing natural breaks from mechanical breaks.  The geologist also computed the
percentage recovery and the RQD.  Appendix B to SSAR Section 2.5.4 provides the boring logs
and the photographs of the rock cores.  These boring logs describe in detail the soil and rock
materials encountered at different depths of the borings and also contain a record of the ground
water level, the SPT blow counts, and the elevation of the top of the rock surface.  The
applicant used these data for the liquefaction analyses, bearing capacity calculations, and
settlement analyses.  The applicant stated that the soil and rock materials encountered in the
ESP borings are similar to those found in the previous sets of borings conducted at the NAPS
site.

In RAI 2.5.4-1, the staff asked the applicant to provide its basis for concluding that the
subsurface conditions in the southeast portion of the ESP footprint (an area of about 500 ft by
1000 ft, in which there are no borings) do not materially differ from conditions in adjacent areas
where borings were made.  In its response, the applicant stated that the North Anna site is
underlain by a consistent geologic profile, which extends to a depth of several thousand feet. 
The 145 borings performed throughout the North Anna site (including 7 for the ESP) indicated a
consistent overall subsurface profile, with expected variations in the thickness of the various
strata.  As such, the applicant concluded that the southeast portion of the ESP footprint (see
SER Figure 2.5.4-3) should be similar to the rest of the site.

In RAI 2.5.4-6, the staff asked the applicant to explain why it did not provide laboratory test
results from the borings of subsurface materials over various depth intervals.  The applicant
responded that the containment (reactor) buildings for the new units would be founded on the
Zone III-IV and/or Zone IV metamorphic gneiss bedrock at the North Anna site.  Rock coring
and testing performed by the licensee for Units 1 and 2 gave unconfined compressive strengths
for the Zone III-IV and Zone IV rock ranging from 1,000 to 16,300 psi with a median strength of
6,800 psi.  The applicant stated that these rock strengths are typical for this type of rock and
more than sufficient to support the maximum containment (reactor) building loads of about 100
psi.  The applicant added that, during logging of the rock cores in the field for the ESP
investigation, it was apparent that the metamorphic rock is a strong material.  The applicant
stated that it performed sufficient tests on the ESP cores to verify that the rock strengths are
similar to or higher than those cores tested for Units 1 and 2.  The applicant determined that the
median value of the unconfined compressive strengths of the Zone III-IV and IV rock from the
ESP investigation is 18,400 psi. 

Observation Wells  

The applicant screened eight OWs with depths ranging from about 25 to 50 feet in soil and/or
weathered rock.  The applicant advanced boreholes for these wells with hollow stem augers. 
The applicant obtained samples at 5-ft intervals to provide information on an appropriate depth
to set the slotted screen.  The applicant screened the ninth well in rock.  Each well was
developed by pumping.  The applicant considered the well developed when the pH and
conductivity stabilized and the pumped water was reasonably free of suspended sediment.  The
applicant then performed permeability tests in each well in general accordance with ASTM
D4044, Section 8, using the slug test method.  Appendix B to SSAR Section 2.5.4 contains the
details of the boring logs for the OWs, the well installation records, the well development
records, and the well permeability test results.  The boring logs of the OWs also describe the
soil and rock seen in these borings.  The applicant stated that it would use the ground water
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level data, as recorded in the OWs, in developing the dewatering program at the time of
construction.

Cone Penetrometer Tests  

The applicant stated that it advanced each of the CPTs to refusal (i.e., no further penetration),
to depths ranging from 4 to 58 feet.  The applicant stated that it performed the piezocone tests
in general accordance with ASTM D5778.  The pore pressure filter was located immediately
behind the cone tip.  The applicant performed pore pressure dissipation tests at a depth of 27
feet in CPT-823, and at a depth of 32.5 feet in CPT-827.  Appendix B to SSAR Section 2.5.4
contains the CPT logs, shear wave arrival times, and pore pressure versus time plots, while
SSAR Tables 2.5-38 and 2.5-39 summarize the CPT locations and depths.

2.5.4.1.4  Geophysical Surveys

Previous Geophysical Survey Programs  

The NAPS licensee performed several geophysical studies for the investigation for the existing
Units 1 and 2, including a seismic refraction survey in 1968.  The seismic (compressional wave)
velocities measured by the licensee in the relatively unweathered rock (Zone IV) range from
13,000 to 16,000 ft/s.  Compressional wave velocities measured in weathered rock are around
5000 ft/s.  Shear wave velocities in the Zone IV rock ranged from about 4000 to 8000 ft/s.  The
corresponding compressional wave velocities were about 8,000 to 16,000 ft/s.  Unit weights
ranged from about 140 to 170 pcf.  Weston Geophysical performed seismic crosshole tests
between the Unit 1 and 2 reactors and obtained shear wave velocities in the Zone IV rock
between 5000 and 6000 ft/s.  The UFSAR for the existing units provides a shear wave velocity
for the saprolite (Zone IIA) of 950 ft/s.

Geophysical Surveys for ESP.  For the ESP site geophysical investigation, the applicant
performed two crosshole seismic tests, one downhole seismic test in a borehole, and two
downhole seismic tests using a cone penetrometer.

Crosshole Seismic Tests  

The applicant performed crosshole seismic tests immediately adjacent to borings B-802 and
B-805.  The applicant stated that it performed these tests in accordance with ASTM D 4428/D
4428M.  The applicant used the B-802 location to obtain readings in rock, while it used the
B-805 location to obtain readings in soil.  The applicant performed tests in boring B-802 at 5-ft
intervals in the rock at depths ranging from 27 to 90 feet; however, it only obtained shear wave
velocity results at depths ranging from 27 to 45 feet.  The applicant stated that severe high-
frequency noise appeared to have degraded the results in general, but particularly below a
depth of 45 feet.  The high-frequency noise obscured all of the compressional wave forms.  The
shear wave velocities in the rock at depths between 27 and 45 feet ranged from 4500 to 6000
ft/s.  The applicant performed tests in borings B-805A, B, and C at 2.5 to 5-foot intervals in the
soil from near the surface to a depth of 27 feet.  The seismic waveforms were reasonably clear,
except for the bottom interval, close to the rock interface.  The shear wave velocities ranged
from about 610 to 1380 ft/s, the compressional wave velocities ranged from about 1240 to 6550
ft/s, and the computed dynamic Poisson’s ratio ranged from 0.27 to 0.49.



Draft December 20042-190

Downhole Seismic Tests  

Since the crosshole tests in borings B-802A, B, and C yielded no compressional wave results
and gave no shear wave velocity results below a depth of 45 feet, the applicant conducted
downhole seismic testing in boring B-802B.  Appendix B to SSAR Section 2.5.4 contains a
detailed description of the results.  The applicant stated that the shear wave was reasonably
well defined to a depth of 45 feet, less defined from a depth of 45 to 65 feet, and not defined
below a depth of 65 feet.  Between 22.5 and 65 feet, shear wave velocities ranged from about
3400 ft/s to 6380 ft/s.  Between 22.5 and 87 feet, compressional wave velocities ranged from
about 10,000 ft/s to 16,600 ft/s.  The computed dynamic Poisson’s ratio ranged from 0.38 to
0.45.

Downhole Seismic Tests with Cone Penetrometer:  

The applicant performed downhole seismic tests at 5-ft intervals in CPT-822 and CPT-825.  It
recorded shear waves with a geophone attached near the bottom of the cone string. 
Appendix B to SSAR Section 2.5.4 plots shear wave arrival times versus depth.  In CPT-822,
the computed shear wave velocity between depths of 10 and 22 feet was about 1275 ft/s.  In
CPT-825, the computed shear wave velocity between depths of 6 and 30 feet was 1175 ft/s. 
For greater depths, between 30 and 45 feet, the computed shear wave velocity was about 1660
ft/s, and between 45 and 52 feet, it was about 2438 ft/s.

In RAI 2.5.4-5, the staff asked the applicant to explain why SSAR Table 2.5-45 does not give
shear wave velocities for Zone IIB saprolite and Zone III and III-IV weathered rock.  In its
response, the applicant stated that SSAR Table 2.5-45 gives average shear wave velocities for
Zones IIB, III, and III-IV but does not provide a range of values.  In contrast, it provides both
average values and a range of shear wave velocity values for Zones IIA and IV.  According to
the applicant, it provided only average values for Zones IIB, III, and III-IV because the ESP
borings did not sample these zones as abundantly as Zones IIA and IV.  In response to this
RAI, the applicant also provided its method for determining the average shear wave velocity
values for Zones IIB (1600 ft/s), III (2000 ft/s), and III-IV (3300 ft/s).  

2.5.4.1.5  Excavation and Backfill

SSAR Section 2.5.4.5 describes the extent of anticipated safety-related excavations, fills, and
slope; excavation methods and stability; backfill sources and quality control; and construction
dewatering impacts.  The applicant stated that the construction of the proposed new units would
involve a substantial amount of excavation in both soil and rock.  Filling would consist almost
entirely of backfilling around structures back up to plant grade.  The only new permanent slope
that may be created would be to the west of the SWR to accommodate the buried ultimate heat
sinks (UHSs), if warranted by the selected design for the proposed additional units.  The
applicant stated that the top of the slope would be at least 200 feet from the top of the SWR
embankment and, therefore, would not impact the SWR.  Next, the applicant described
excavation methods that it would use in soil and rock (i.e., blasting techniques and alternatives
to blasting), backfill sources, and quality control.  The applicant stated that structural fill would
be either lean concrete or a sound, well-graded granular material.  In addition, it would establish
an onsite soils testing laboratory to control the quality of the fill materials and the degree of
compaction.  To control soil erosion, the applicant stated that it would line any sumps and
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ditches constructed for dewatering and slope the tops of excavations back to prevent runoff
down the excavated slopes during heavy rainfall.

2.5.4.1.6  Ground Water Conditions

In SSAR Section 2.5.4.6, the applicant briefly described the ground water conditions at the ESP
site and general plans for construction dewatering.  Section 2.4.12 of the SSAR describes the
ground water conditions at the ESP site in detail.  The following summarizes the applicant’s
description of the ESP site ground water conditions in SSAR Section 2.5.4.6.

Nine OWs installed at the site as part of the ESP subsurface investigation program have
exhibited ground water levels ranging from about Elevation 241' to Elevation 311' between
December 2002 and June 2003.  Based on the results of the slug tests in the wells, hydraulic
conductivity values for the saprolite in which eight of the wells were screened range from 0.2 to
3.4 ft/day.  The applicant estimated the hydraulic conductivity of the shallow bedrock in which
one of the wells was screened to be about 2 to 3 ft/day.  Ground water movement at the site is
generally to the north and east, toward Lake Anna.

The applicant stated that ground water is present in unconfined conditions in both the surficial
sediments and underlying bedrock at the ESP site.  The ground water generally occurs at
depths ranging from about 6 to 58 feet below the present-day ground surface.  The design
ground water level for the new units would range from Elevation 265' to 270'.  Section 2.4.12 of
the SSAR derives this level.  

The applicant stated that it can achieve dewatering for all major excavations using gravity-type
systems.  For soils, because of their relatively impermeable nature, sump-pumping of ditches
would be adequate to dewater the soil.  For rock, the applicant would use sump-pumping to
collect water from relief drains that would be installed in the major rock excavation walls to
prevent hydrostatic pressure buildup behind the walls.

2.5.4.1.7  Response of Soil and Rock to Dynamic Loading

In SSAR Section 2.5.4.7, the applicant estimated the seismic ground motion
amplification/attenuation using the shear wave velocity profiles for the different subsurface
materials, the variation of shear modulus and damping with strain, and the site-specific
acceleration time histories.  The applicant stated that the reactor containment buildings for the
proposed additional units would be founded on Zone III-IV or Zone IV bedrock.  However, other
safety-related structures may be founded on the Zone III weathered bedrock, the Zone IIB very
dense saprolitic sand, and/or the Zone IIA saprolitic sand.

Shear Wave Velocity Profile.  The applicant made various measurements, summarized in
SSAR Section 2.5.4.4, at the ESP site to obtain estimates of the shear wave velocity in the soil
and rock.  The applicant considered the Zone IV bedrock to be the base rock at a depth of 70
feet in the amplification/attenuation analysis.  Table 2.5-45 of the SSAR shows an average
shear wave velocity of 6300 ft/s for Zone IV.  While in some locations the top of Zone III-IV or
Zone IV bedrock is found close to or even above the planned plant grade, sound bedrock is
relatively deep in other locations.  The applicant stated that, in the case of relatively deep
bedrock, some safety-related structures (excluding the reactors) may be founded on the Zone
III weathered rock, Zone IIB saprolite, or Zone IIA saprolite.  SSAR Figure 2.5-62, Profile (a),
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focuses on this situation; it shows the shear wave velocity values measured in Zone IIA
saprolite for the ESP subsurface exploration program using crosshole and CPT downhole
seismic testing.  SSAR Figure 2.5-62 (reproduced previously as SER Figure 2.5.2-5) also
shows the shear wave velocity of 950 ft/s given in the UFSAR of the existing units for the
saprolite.  The applicant took this as the average design value for the Zone IIA saprolite for the
ESP evaluation.  The design shear wave velocity versus depth profile shown on SSAR Figure
2.5-62, Profile (a), is anchored about the design value of 950 ft/s for the Zone IIA saprolite but
reflects the expected increasing values with depth demonstrated in the crosshole and downhole
seismic tests.

The applicant stated, as noted in SSAR Section 2.5.4.10.2, that it would improve any Zone IIA
saprolites supporting safety-related structures to reduce potential settlement.  In RAI 2.5.4-7,
the staff asked the applicant to reconcile two conflicting statements in SSAR Sections 2.5.4.7.1
and 2.5.1.2.6.  The applicant stated in SSAR Section 2.5.1.2.6 that Zone III (weathered rock) is
not a suitable material for safety-related plant structures.  However, the applicant stated in
SSAR Section 2.5.4.7.1 that some safety-related structures (excluding the reactor containment
building) may be founded on the Zone III weathered rock, Zone IIB saprolite, or improved Zone
IIA saprolite.  In response to RAI 2.5.4-7, the applicant stated that the statement in SSAR
Section 2.5.4.7.1 is correct, and therefore it will delete the statement in SSAR Section 2.5.1.2.6. 
The applicant emphasized that only improved Zone IIA saprolite is appropriate for certain
safety-related structures (see RAI 2.5.4-11 below). To compute the response of the improved
Zone IIA saprolite to dynamic loading, the applicant computed the shear wave velocity through
the improved soil based on this increase in stiffness.  Profile (b) of SSAR Figure 2.5-62 shows
these computed shear wave velocities and the unimproved Zone IIA shear wave velocities. 
This profile also shows the shear wave velocity values interpreted in SSAR Appendix 2.5.4B
from the CPT-825 downhole seismic tests at a depth of 52 feet during the ESP subsurface
exploration program.  The applicant interpreted the subsurface materials below a depth of 30
feet in the CPT log as a silty sand and sandy silt mix.  These could be either Zone IIB saprolitic
sands or Zone III weathered rock (or both).  From depths between 30 and 40 feet, the design
profile uses the shear wave velocity for the Zone IIB saprolite from SSAR Table 2.5-45 (1600
ft/s), which is very close to the 1650 ft/s measured in the CPT-825 downhole seismic test. 
From depths of 40 to 55 feet, the design profile uses the shear wave velocity for the Zone III
weathered rock from SSAR Table 2.5-45 (2000 ft/s).  This is close to the mean of the two CPT-
825 downhole seismic velocities measured in this zone, as shown in SSAR Figure 2.5-62,
Profile (b).  The applicant assumed Zone III-IV to extend from depths of 55 to 70 feet.  Shear
wave velocity for this rock is 3300 ft/s, derived from several values measured in the downhole
seismic test performed adjacent to boring B-802 and from elastic modulus values from
unconfined compression tests (SSAR Section 2.5.4.2.5).  

Variation of Shear Modulus and Damping with Strain.  Figure 2.5.4-5, reproduced from SSAR
Figure 2.5-63, shows normalized shear modulus reduction curves, which are taken from
research reports referenced in the SSAR Section 2.5.4.

Curve 1 in this figure represents the Zone IIA saprolite (both unimproved and improved).  This
modulus reduction curve is the average of (1) the 1970 Seed and Idriss (Ref. 167, SSAR
Section 2.5) average curve for sand and (2) five curves (from a 1993 EPRI report (Ref. 170,
SSAR Section 2.5)) that take into account several factors, including reference strain and
effective vertical stress.  One of the five EPRI curves is a low-plasticity clay curve to account for 
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Figure 2.5.4-5  Variation of normalized shear modulus with cycle shear strain
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the cohesive component of the Zone IIA saprolite.  Curve 2 in SSAR Figure 2.5-63 represents
the Zone IIB saprolite and is the modulus reduction curve recommended by Seed, et al. (Ref.
168, SSAR Section 2.5) for gravels, based on tests of four different gravels and crushed stone
samples.  The Zone IIB saprolite contains the relict structure of the parent rock.  Since this
contains up to 50 percent of core rock remaining in the saprolite, the applicant stated that it
would behave more like a gravel or crushed stone than a sand.

The applicant stated that solid rock does not exhibit the strain-softening characteristics of soil. 
Thus, the Zone III-IV rock has no modulus reduction curve.  However, at some stage of
weathering, rock becomes sufficiently decomposed to exhibit modulus reduction.  The applicant
considered Zone III moderately to severely weathered rock as falling into this sufficiently
weathered state.  Curve 3 in SSAR Figure 2.5-63 was developed for mudstone (a soft rock)
with a shear wave velocity of 1500 ft/s (Ref. 169, SSAR Section 2.5).  SSAR Section 2.5.4.7.1
shows that Zone III has a shear wave velocity of 2000 fps.  The applicant stated that when
mudstone Curve 3 is used for shear modulus input in the soil/rock column
amplification/attenuation analysis for the Zone III weathered rock, the shear modulus
attenuation is significantly less than that exhibited by the sand and gravel curves.

In SSAR Section 2.5.4.7.1, the applicant stated the following: 

When the specific locations of safety-related structures are determined, if
structures such as the diesel generator building and/or certain tanks are founded
on saprolite or weathered rock, samples of foundation soils from those locations
would be tested to determine location-specific shear modulus degradation
relationships.

Figure 2.5.4-6, reproduced from SSAR Figure 2.5-64, plots the variation of the equivalent
damping ratio of saprolite and weathered rock as a function of cyclic shear strain.  

Curve I in SSAR Figure 2.5-64 represents the Zone IIA saprolite (both unimproved and
improved).  The applicant stated that this damping ratio versus cyclic shear strain curve is the
average of (1) the Seed and Idriss (Ref. 167, SSAR Section 2.5) average curve for sand, and
(2) seven curves from Ref. 170 that take into account several factors including reference strain
and effective vertical stress.  One of these seven curves is a low-plasticity clay curve to account
for the cohesive component of the Zone IIA saprolite.  Curve II in SSAR Figure 2.5-64
represents the Zone IIB saprolite.  The applicant used the Seed et al. (Ref. 168, SSAR Section
2.5.2) curve for gravels.  Curve III in SSAR Figure 2.5-64 represents the Zone III weathered
rock.  The applicant stated that it derived this curve by comparing Curve 3 in SSAR Figure
2.5-63 with Curves 1 and 2 in SSAR Figure 2.5-63 and applying the differences proportionally
to SSAR Figure 2.5-64.  The applicant stated that the damping ratio of the Zone III-IV rock does
not vary with cyclic shear strain.  However, since this rock has some intrinsic damping
properties, the applicant used a damping ratio of 2 percent.

In RAI 2.5.4-8, the staff asked the applicant to provide its basis for the selected modulus
reduction and damping ratio curves for Zones IIA, IIB, and III.  In its response, the applicant
stated that it used the 1993 EPRI report (Ref. 170, SSAR Section 2.5.2), where applicable, as
the basis for the shear modulus reduction and damping ratio curves. 
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Figure 2.5.4-6  Variation of damping ratio with cyclic shear strain
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In RAI 2.5.4-8(c), the staff asked the applicant to explain its use of a damping ratio of 2 percent
for the Zone III-IV rock.  In its response, the applicant stated that the damping ratio for rock
varies from site to site depending on the various factors, including the mineral composition of
the rock, the integrity and fissuring of the rock mass, and the level of shear deformation in the
rock formation.  According to the applicant, damping ratios for rock are generally between 0.5
and 4.5 percent.  The applicant selected 2 percent for the Zone III-IV rock based on
engineering judgment and past experience.  To determine the sensitivity of the selected
damping ratio, the applicant reran its analysis using damping ratios of 0.5, 1.0, and 5.0 percent. 
The results show only a slight difference in the peak acceleration for the different damping
ratios. 

Site Specific Acceleration-Time Histories.  The applicant developed two single horizontal-
component acceleration time histories, which are compatible with the low- and high-frequency
response spectra developed from the two controlling earthquakes and PSHA hazard curves. 
The applicant used these two acceleration time histories in the soil column amplification
analysis described below.

In RAI 2.5.4-9(a), the staff asked the applicant to describe its method for developing the site-
specific acceleration time histories.  In its response, the applicant stated that it selected two
horizontal-component acceleration time histories which it then matched to the low- and high-
frequency response spectra from the two controlling earthquakes.  The applicant then used
these spectrum-compatible time histories for the site response analysis.  In RAI 2.5.4-9(b), the
staff asked the applicant to further describe the method it used for the development of the soil
column amplification/attenuation analysis.  In its response, the applicant stated that it used the
SHAKE2000 computer program to compute the site dynamic responses for the four soil and
rock profiles described in SSAR Section 2.5.4.7.1.  The applicant provided the input soil
parameters, the depth at which the hard rock ground motion was input (70 feet), and
information on the number of iterations to compute the strain-compatible modulus and damping
values for the SHAKE analysis.  In RAI 2.5.4-9(c) and (d), the staff asked the applicant to
further describe the four soil profiles and how the analysis accounted for the variability of the
soil properties.  In response to RAI 2.5.4-9(c) and (d), the applicant provided the soil properties
for each of the four profiles and described these values that were varied in the analysis.  The
applicant stated that the shear wave velocity (Vs) and the low-strain shear modulus (Gmax),
which is derived from Vs, have the most impact on the amplification/attenuation analysis.  The
applicant showed response spectra for different levels of Gmax (67 to 150 percent).  In RAI
2.5.4-9(e), the staff asked the applicant to justify its use of the mean 10-4 UHS as the input rock
motion.  In response to RAI 2.5.4-9(e), the applicant stated that it initially used a time history
matched to the mean 10-4 UHS; however, it later revised this approach to use time histories that
match the low- and high-frequency response spectra calculated from the two controlling
earthquakes. 

Soil Column Amplification/Attenuation Analysis.  The applicant used the SHAKE2000 computer
program to compute the site dynamic responses for the soil and rock profiles, described in
SSAR Section 2.5.4.7.1.  The analysis, performed in the frequency domain, used the two
acceleration time histories briefly described in the previous section and in SSAR Section 2.5.2. 
The analysis used the (1) low-frequency controlling earthquake time history with a peak
acceleration of 0.15g and (2) the high-frequency controlling earthquake time history with a peak
acceleration of 0.39g. 
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Table 2.5-46 of the SSAR shows the zero period acceleration (ZPA) results for the SHAKE2000
analysis for the four soil profiles, given in SSAR Section 2.5.4.7.1.  The ZPA results for soil
Profile 1, with 30 feet of unimproved Zone IIA saprolite, are 0.80g for the high-frequency case
and 0.39g for the low-frequency case.  The applicant also determined the ZPA results for the
four soil profiles using a Gmax value that was 150 percent of the average Gmax value.  Using
these higher Gmax values, the applicant obtained ZPA values of 0.89g and 0.46g for the high-
and low-frequency cases, respectively.  As described in SSAR Section 2.5.4.8 and below, the
applicant applied these amplified accelerations in the liquefaction evaluation of soils.

2.5.4.1.8  Liquefaction Potential

Soil liquefaction is a process by which loose, saturated, granular deposits lose a significant
portion of their shear strength because of pore pressure buildup resulting from cyclic loading,
such as that caused by an earthquake.  Soil liquefaction can occur, leading to foundation
bearing failures and excessive settlements, when (1) the ground acceleration is high, (2) soil is
saturated (i.e., close to or below the water table), and (3) the site soils are sands or silty sands
in a loose or medium-dense condition.  The applicant stated that the ESP site meets the first
criterion, and the second criterion applies in many areas of the NAPS site; however, the third
criterion, involving the type and density of the soil, is much less clearly applicable.  According to
the applicant, the Zone IIB soils are extremely dense.  The Zone III weathered rock has over 50
percent core stone and has typically been sampled by rock coring.  As such, neither of these
materials meets the loose or medium-dense criterion, and neither has liquefaction potential. 
The applicant stated that any needed structural fill would be a well-compacted, well-graded
crushed stone that is not liquefiable.  Since neither the Zone IIB soils nor the Zone III
weathered rock are susceptible to liquefaction, the applicant only discussed the liquefaction
potential of the Zone IIA saprolitic soil.

The applicant stated that there is no historical evidence that Zone IIA saprolitic soils have
undergone liquefaction at the ESP site.  Attachment 4 to Appendix 3E to the UFSAR indicates
that examination of the structure and fabric of the material “leads to the conclusion that the
saprolite is not susceptible to liquefaction.”  Despite its apparent low potential for liquefaction,
the Zone IIA saprolite at the NAPS site has been the subject of several previous liquefaction
analyses.  SSAR Section 2.5.4.8.2 examines these analyses in view of the accelerations
assumed for the ESP.  In addition, the applicant performed its own liquefaction analysis,
summarized below, on potentially liquefiable samples obtained from the recent ESP exploration
program. 

Effect of Soil Structure and Fabric on Liquefaction Potential.  SSAR Section 2.5.4.8 describes
the soil structure and fabric of the saprolite.  The applicant stated that the fabric of the saprolite
is similar to that of its parent rock, a biotitic quartz gneiss.  According to the applicant, there is a
strong foliation in the saprolite and the fabric is strongly anisotropic.  The applicant contrasted
the highly foliated and anisotropic fabric of the saprolite with that of an alluvial or marine
deposited sand.  The applicant stated that sand shows no foliation and no interlocking of grains. 
In addition, a thin section of sand shows a well-developed void network unlike that of saprolite. 
The applicant concluded by stating that the geometric interlocking of the grains and the lack of
a void network indicates that the saprolite could not liquefy.  Despite this conclusion, the
applicant analyzed the potential of the saprolite to liquefy under both the high-frequency and
low-frequency input bedrock motions.
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Acceptable Factor of Safety Against Liquefaction.  According to RG 1.198 (Ref. 172, SSAR
Section 2.5), a factor of safety (FS) of 1.1 against liquefaction is considered low, FSs of 1.1 to
1.4 are considered moderate, and an FS of 1.4 is considered high.  The Committee on
Earthquake Engineering (Ref. 173, SSAR Section 2.5) states that there is no general
agreement on the appropriate margin (factor) of safety.  If the design earthquake ground
motion is regarded as reasonable, a safety factor of 1.33 to 1.35 is suggested as adequate. 
However, when the design ground motion is excessively conservative, the Committee notes
that engineers are content with a safety factor only slightly in excess of unity.  The SSE at rock
for the existing NAPS units has a maximum acceleration of 0.12g, amplified to 0.18g in the soil. 
The seismic margin maximum acceleration in soil (Ref. 174, SSAR Section 2.5) is 0.30g.  The
maximum ESP acceleration at hard bedrock rock is 0.39g, amplified at the unimproved soil
surface to 0.89g (SSAR Table 2.5-46).  Based on these facts, the applicant stated that it
considers an FS of 1.1 adequate for the Zone IIA soils at the ESP site.

Previous Liquefaction Analyses.  The licensee performed a detailed liquefaction analysis at the
NAPS site in December 1994 for a seismic margin assessment (Ref. 174, SSAR Section 2.5). 
For the analysis, the licensee used a maximum acceleration of 0.3g, a magnitude of 6.8, and
three different approaches to assess the potential for soil liquefaction.  For the first approach,
the licensee used the Seed and Idriss simplified procedure (Ref. 175, SSAR Section 2.5) with
some modifications to account for the age of the saprolites and for the overconsolidated nature
of the saprolites.  The resulting FSs ranged from 1.54 to 3.51.  For the second approach, the
licensee used a threshold strain analysis (Ref. 177, SSAR Section 2.5), with an average shear
wave velocity in the saprolite of 950 ft/s, resulting in an FS just under 3.0.  For the third
approach, the licensee used the results of the 15 stress-controlled cyclic triaxial tests, described
in SSAR Section 2.5.4.2.4.  The FSs against liquefaction ranged from 1.51 to 1.99 for the SWR
facilities (pump house, valve house, tie-in vault, and service water lines).  Analysis of the SWR
embankment gave FS values ranging from 0.91 to 3.61, with an average of more than 1.5.  The
applicant stated that the few values below 1 occurred in localized zones and concluded that
overall factors of safety across the embankment are well within acceptable limits.  No consistent
pattern of low safety factors across the foundation would indicate that significant movements of
the embankments would occur.

Liquefaction Analyses Performed for ESP.  Based on the deaggregation of the PSHA in SSAR
Section 2.5.2, the applicant used two earthquakes in the liquefaction analysis.  The low-
frequency earthquake had a magnitude of 7.2 and a bedrock acceleration of 0.15g.  The high-
frequency earthquake had a magnitude of 5.4 and a bedrock acceleration of 0.39g.  SSAR
Table 2.5-46 shows the zero-period acceleration values for the four soil/rock profiles described
in SSAR Section 2.5.4.7.1.  Since the Zone IIB saprolite and the Zone III weathered rock are
nonliquefiable, the liquefaction analysis did not consider Profiles 2 and 3 in SSAR Table 2.5-46. 
In Profile 4, the Zone IIA saprolite is improved (i.e., this would be the profile for any safety-
related structures founded on the Zone IIA saprolite).  The applicant stated that the soil would
be improved sufficiently to ensure that the improved soil had a FS greater than or equal to 1.1
using the SSE ground motion.  In Profile 1, the Zone IIA saprolite (upper 30 feet) is not
improved.  Thus, the applicant considered only Profile 1 for the liquefaction analysis.  As noted
above, the applicant used PGA values of 0.46g and 0.89g for the liquefaction analyses, which
are described below.

The applicant performed a liquefaction analysis of each sample of Zone IIA saprolite, obtained
by SPT sampling during the ESP subsurface investigation, to determine the FS against
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liquefaction.  The applicant also analyzed the CPT results following the method proposed by
Youd, et al. (Ref. 178, SSAR Section 2.5).  The applicant stated that, using PGA values of
0.46g and 0.89g, the analysis of the SPT results gave FS values against liquefaction of greater
than 1.1, except in one case.  The applicant’s analysis of the CPT results showed 4.5-foot thick
zones in two CPTs and a 21-foot thick zone in another CPT, where the FS values against
liquefaction were less than 1.1, implying that these soil zones would liquefy. 

The applicant also performed a liquefaction analysis using shear wave velocity criteria
incorporating the design values of shear wave velocity shown in SSAR Figure 2.5-62 and
tabulated on SSAR Table 2.5-46.  To correct the shear wave velocity values for overburden
pressure, the applicant used the method outlined in Youd, et al. (Ref. 178, SSAR Section 2.5). 
The resulting values all fell into the no-liquefaction zone in Figure 9 of SSAR Ref. 178. 
However, when the applicant used the lower bound values of the shear wave velocity, shown in
SSAR Table 2.5-45, in the liquefaction analysis, most of the top 20 feet of Profile 1 fell into the
liquefaction zone as shown in Figure 9 of SSAR Ref. 178.

The applicant also determined the liquefaction-induced dynamic settlement using the method
outlined in Tokimatsu and Seed (Ref. 179, SSAR Section 2.5).  The maximum estimated
dynamic settlement of the Zone IIA saprolite caused by earthquake shaking was about 5
inches.

The applicant concluded the following concerning the liquefaction potential of the soils at the
ESP site:

• Only the Zone IIA saprolites fall into the gradation and relative density categories where
liquefaction would be considered possible.

• The structure, fabric, and mineralogy of these saprolites lower the potential for
liquefaction very substantially.

• For a conventional liquefaction analysis, an FS of 1.1 is adequate, based on the
conservative estimate of the ESP design seismic acceleration.

• A liquefaction analysis of the ESP SPT samples using the low- and high-frequency ESP
seismic parameters gave FS values greater than 1.1 for all except one SPT result.

• A liquefaction analysis of the ESP CPT measurements using the low- and high-
frequency ESP seismic parameters indicated an approximately 21-ft-thick zone and two
4.5-ft-thick zones where the FS against liquefaction was less than 1.1.

• A liquefaction analysis of the shear wave velocity profile indicated no liquefaction when
the average shear wave velocity values were used.  Using lower shear wave velocity
values resulted in liquefaction of most of the top 20 feet.

• Estimated dynamic settlements caused by earthquake shaking are about 5 inches.

Based on the above analysis, the applicant concluded that some of the Zone IIA saprolitic soils
have a potential for liquefaction based on the low- and high-frequency ESP seismic parameters. 
The applicant stated that the liquefaction analysis did not take into account the beneficial
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effects of the fabric of the saprolitic soil.  The applicant concluded by stating that, if safety-
related structures are founded on the Zone IIA saprolitic soils, these soils would be improved to
reduce potential settlements and to ensure that the FS against liquefaction is equal to or
greater than 1.1.

In RAI 2.5.4-10, the staff asked the applicant to describe how it varied the significant soil
properties and seismic input values for each of the different liquefaction analyses.  In addition,
the staff asked the applicant to provide a sample liquefaction analysis.  In its response, the
applicant stated that it based its liquefaction analyses on the work of Youd et al. (Ref. 178,
SSAR Section 2.5).  For each of the three different analyses, the applicant varied Gmax, the
peak earthquake acceleration, and the earthquake magnitude. 

2.5.4.1.9  Earthquake Design Basis

SSAR Section 2.5.4.9 refers to SSAR Section 2.5.2.6, which derives and discusses the SSE for
the ESP site in detail.  Section 2.5.2 of this SER contains the staff’s review of that information.

2.5.4.1.10  Static Stability

SSAR Section 2.5.4.10, “Static Stability,” describes the allowable bearing capacities for each
subsurface zone as well as the estimated settlement for each zone.  The applicant stated that
reactor containment buildings at the ESP site would be founded on Zone III-IV or Zone IV
bedrock.  Depending on the location of these buildings, the top of this bedrock could occur
below the level of the shallower reactor designs.  In such cases, the applicant stated that it
would excavate to sound bedrock and pour lean concrete up to the bottom of the reactor
foundation.  In some locations, the top of Zone III-IV or Zone IV bedrock is found close to or
even above the planned plant grade.  In such cases, safety-related structures would be founded
on bedrock or on a thin layer of lean concrete or compacted structural fill on the bedrock.  In
other locations, sound bedrock is relatively deep.  In this case, the applicant stated that safety-
related structures (excluding the reactors) may be founded on the Zone III weathered rock,
Zone IIB saprolite, or Zone IIA saprolite.  The following sections on bearing capacity and
settlement focus on this latter situation.  (As noted in SSAR Section 2.5.4.10.2, the applicant
stated that it would improve any Zone IIA saprolites supporting safety-related structures to
reduce potential settlement.)

Bearing Capacity.  Table 2.5-47 in the SSAR gives the allowable bearing capacity values for
each zone.  The applicant stated that the Zone IIA allowable bearing capacity value of 4 ksf
(4000 lb/ft2) is based on Terzaghi’s bearing capacity equations modified by Vesic (Ref. 180,
SSAR Section 2.5).  According to the applicant, the analysis considers the effective strength
parameters for the coarse-grained material and both the undrained and effective strength
parameters for the fine-grained material given in SSAR Table 2.5-45.  As discussed in SSAR
Section 2.5.4.10.2, settlement considerations usually dominate when this material is used for
supporting foundations, and the actual allowable bearing capacity may be less than 4 ksf
(especially for larger foundations) if the soils are not improved.  The applicant stated that the
Zone IIB allowable bearing capacity value of 8 ksf is based on Terzaghi’s bearing capacity
equations modified by Vesic (Ref. 180, SSAR Section 2.5), using the effective angle of friction
given in SSAR Table 2.5-45.  Since the Zone IIB soil is usually found beneath the ground water
table, the applicant used the effective unit weight of the soil in computing the 8 ksf value.  The
Zone III allowable bearing capacity of 16 ksf is based on the value of 20 percent of the ultimate
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crushing strength given in several building codes.  Table 2.5-45 in the SSAR gives the ultimate
crushing strength as 86 ksf.  The 16 ksf value is slightly lower than the 20 ksf given for
weathered rock in Table 2.5-2 of the UFSAR.  The applicant stated that, although the 16 ksf
allowable bearing capacity exceeds the maximum bearing pressures of many of the reactor
designs considered in this ESP, the containment (reactor) buildings would not be founded on
the Zone III weathered rock.  The Zone III-IV and Zone IV bedrock have unconfined
compressive strengths of 4 ksi (576 ksf) and 12 ksi (1728 ksf), respectively (SSAR Table 2.5-
45).  The applicant stated that allowable bearing capacities of these materials are much higher
than any applied structure bearing pressure.  In addition, the applicant stated that, if excavation
during construction reveals any weathered or fractured zones at foundation level, it would
excavate such zones and replace them with lean concrete.  The allowable values of the bearing
capacity of 80 ksf and 160 ksf for Zone III-IV and Zone IV rock, shown in SSAR Table 2-5.47,
are presumptive values based on various building codes for moderately weathered to fresh
foliated rock.

In RAI 2.5.4-11, the staff asked the applicant to provide further details concerning its calculation
of the bearing capacities of the soil and rock underlying the ESP site.  In its response, the
applicant provided a sample calculation for the staff to review.  In addition, the applicant stated
that the maximum bearing pressure from the containment building foundation is 15 ksf, which is
only a fraction of the allowable bearing capacity of the bedrock (Zone III-IV is 80 ksf and
Zone IV is 160 ksf).

Settlement Analysis.  Peck et al. (Ref. 182, SSAR Section 2.5) indicates that total settlement
should be limited to 2 inches, and differential settlement to 0.75 inch, for the large mat
foundations that support major power plant structures.  According to Peck, for footings that
support smaller plant components, the total settlement should be limited to 1 inch and the
differential settlement to 0.5 inch.

Settlement of Materials in Zones IIB, III, III-IV, and IV  

The applicant stated that the settlement of the materials in Zones IIB, III, III-IV, and IV is
essentially elastic.  The applicant analyzed a large foundation with an assumed size of 150 feet
by 300 feet (e.g., a turbine building foundation) for settlement assuming a soil profile of 20 feet
for Zone IIB, underlain by 30 feet of Zone III, 50 feet of Zone III-IV, and 400 feet of Zone IV. 
The stiffness values the applicant used were the high-strain elastic modulus values given in
SSAR Table 2.5-45.  The applicant found that the foundation has an average bearing pressure
of 6 ksf.  The computed total settlement of this structure is less than 0.5 inch.

Settlement of Zone IIA 

The applicant stated that the licensee recorded larger settlements than expected (i.e., 4.6
inches) beneath the SWR pump house of the existing units because of the weight of the pump
house and the 30 feet of embankment fill that was built up around it.  This settlement occurred
over a 30-month period.  The in-situ soil that settled beneath the pump house consisted of
about 65 feet of Zone IIA, mainly micaceous sandy silt.  The applicant stated that the primary
cause of this fairly large settlement appears to be the 5 to 20 percent mica content of these
saprolites, along with a significant portion of low-plasticity clay minerals.  The applicant
concluded that, although the settlement of the SWR pump house is an extreme case and
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resulted from several factors, the potential for excessive settlement of the Zone IIA saprolite
makes this material unsuitable for support of any safety-related structure without ground
improvement.

2.5.4.1.11  Design Criteria

SSAR Section 2.5.4.11 summarizes the geotechnical design criteria.  In addition, various
sections of the SSAR cover other applicable design criteria.  SSAR Section 2.5.4.8 specifies
that the acceptable FS against liquefaction of site soils should be 1.1.  SSAR Section 2.5.4.10
presents bearing capacity and settlement criteria.  SSAR Table 2.5-47 provides allowable
bearing capacity values for the site subsurface materials.  Generally acceptable total and
differential settlements are limited to 2 inches and 0.75 inch, respectively, for mat foundations,
and 1 inch and 0.5 inch, respectively, for footings.  SSAR Section 2.5.5.2 specifies that the
minimum acceptable long-term static FS against slope stability failure is 1.5.  SSAR Section
2.5.5.3 specifies that the minimum acceptable long-term seismic FS against slope stability
failure is 1.1.

In RAI 2.5.4-12, the staff asked the applicant to explain why it did not provide design criteria
pertaining to structural design.  In its response, the applicant stated that structural criteria such
as allowable wall rotation and factors of safety against structure sliding and overturning are not
site specific and thus are not included in SSAR Section 2.5.  The applicant stated that a COL
application would describe these structural criteria. 

2.5.4.1.12  Techniques to Improve Subsurface Conditions

SSAR Section 2.5.4.12 outlines several ground improvement techniques that would be
implemented before the Zone IIA saprolitic soils could be used to support safety-related
foundations.  As its primary choice for reducing the settlement potential of the Zone IIA
saprolitic soils, the applicant considered vibro-stone columns.  According to the applicant, vibro-
stone columns have several advantages, including reduction of settlement, improvement of
bearing capacity, and reduction of liquefaction potential.  The vibro-stone column method
involves the insertion of a vibratory probe (aided by water jets or compressed air) into the base
of the stratum that needs improvement.  Crushed stone is poured into the annulus and is
densified by the vibrator.  This process results in a series of highly compacted stone columns,
typically about 3 feet in diameter, spaced on about 5- to 8-ft centers.

2.5.4.2  Regulatory Evaluation

SSAR Section 2.5.4 describes the applicant’s evaluation of the stability of the subsurface
materials and foundations at the ESP site.  In SSAR Section 1.8, the applicant stated that it
developed the geological, geophysical, and geotechnical information used to evaluate the
stability of the subsurface materials in accordance with the requirements of 10 CFR 100.23. 
The applicant applied the guidance of Review Standard (RS)-002, “Processing Applications for
Early Site Permits”; RG 1.70; DG-1105 (which has been superseded by RG 1.198 since the
applicant submitted the SSAR); RG 1.132; and RG 1.138, “Laboratory Investigations of Soils for
Engineering Analysis and Design of Nuclear Power Plants.”  The staff finds that, in SSAR
Section 2.5.4, the applicant identified the regulatory requirements applicable to the
characterization of the stability of subsurface materials.  
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In its review of SSAR Section 2.5.4, the staff considered the regulatory requirements in
10 CFR 100.23(c) and 10 CFR 100.23(d)(4).  According to 10 CFR 100.23(c), applicants must
investigate the engineering characteristics of a site and its environs in sufficient scope and
detail to permit an adequate evaluation of the proposed site.  Pursuant to 10 CFR 100.23(d)(4),
applicants must evaluate siting factors such as soil and rock stability, liquefaction potential, and
natural and artificial slope stability.  Section 2.5.4 of RS-002 provides specific guidance
concerning the evaluation of information characterizing the stability of subsurface materials,
including the need for geotechnical field and laboratory tests as well as the geophysical
investigations.

2.5.4.3  Technical Evaluation

This section provides the staff’s evaluation of the geophysical and geotechnical investigations
carried out by the applicant to determine the static and dynamic engineering properties of the
materials that underlie the ESP site.  The technical information presented in SSAR Section
2.5.4 resulted from the applicant’s field and laboratory investigations performed for the ESP. 
The applicant intended its additional field and laboratory investigations to confirm the large
volume of geotechnical data developed by the licensee for the existing units and the abandoned
Units 3 and 4 within the ESP site area.  The applicant used the subsurface material properties
from its field and laboratory investigations to evaluate the liquefaction potential, bearing
capacity, and potential for settlement.

Through its review of SSAR Section 2.5.4, the staff determined whether the applicant
demonstrated the stability of the subsurface materials under both static and dynamic conditions. 
The staff also reviewed the applicant’s field and laboratory investigations used to determine the
geotechnical properties of the soil and rock underlying the ESP site.  In addition, the staff
observed some of the applicant’s on-site borings and field explorations, performed in November
and December 2002, to determine whether the applicant followed the guidance in RG 1.132.

2.5.4.3.1 Geologic Features

SSAR Section 2.5.4.1 references SSAR Sections 2.5.1.1 and 2.5.1.2 for a description of the
regional and site geology.  Section 2.5.1.3 of this SER presents the staff’s evaluation of these
two sections.

2.5.4.3.2  Properties of Subsurface Materials

The staff focused its review of SSAR Sections 2.5.4.2 and 2.5.4.3 on the applicant’s description
of (1) subsurface materials, (2) field investigations, (3) laboratory testing, and (4) static and
dynamic engineering properties of the ESP site subsurface materials.  

Normally, an applicant performs a complete field investigation and sampling program to
evaluate the engineering properties and stability of the soil and rock underlying the site. 
However, since the applicant relied on the licensee’s previous field and laboratory investigations
for the existing and abandoned units, the applicant’s ESP investigations were used to confirm
previously established soil and rock properties.  In RAI 2.5.4-1, the staff asked the applicant to
provide its basis for concluding that the subsurface conditions in the southeast portion of the
ESP footprint (an area of about 500 ft by 1000 ft, in which there are no borings) do not
materially differ from conditions in adjacent areas, where borings were made.  In response to
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RAI 2.5.4-1, the applicant stated that the North Anna site is underlain by a consistent geologic
profile, which extends to a depth of several thousand feet.  The applicant stated that the 145
borings performed throughout the North Anna site (including 7 borings for the ESP) indicated a
consistent overall subsurface profile, with expected variations in the thickness of the various
strata.  As such, the applicant concluded that the southeast portion of the ESP footprint (see
SER Figure 2.5.4-3) should be similar to the rest of the site.  Because of the consistency of the
soil and rock engineering properties across the NAPS and ESP sites, the staff has determined
that the licensee’s past investigations, combined with the ESP applicant’s explorations, are
adequate to characterize the subsurface conditions in the locations where data were collected. 
Further, based on its review of the NAPS and ESP borings, the staff has determined that a
consistent geologic profile underlies the North Anna ESP site.  The staff concludes, therefore,
that the uncharacterized southeast portion of the site should have subsurface conditions similar
to those found at the rest of the site.  Accordingly, the site staff concludes that the applicant has
provided an adequate description of the subsurface profile.  The applicant’s commitment to
perform additional borings to confirm its conclusions regarding engineering properties and the 
stability of soil and rock underlying future plant SSCs is COL Action Item 2.5-1.

In RAI 2.5.4-3, the staff asked the applicant to describe how it integrated the licensee’s site
investigations for the SWR and the ISFSI with its field investigations for the ESP site.  In its
response, the applicant stated that the SWR and ISFSI borings are as close to the ESP area as
any other borings and disclosed the same subsurface profile displayed by the other borings at
the North Anna site (see SER Figure 2.5.4-3).  In addition, the applicant stated that it used
some of the SWR and ISFSI borings, which are close to the southeast corner of the ESP
footprint, noted in RAI 2.5.4-1, to help characterize the ESP area.  Because of the consistency
of the soil and rock engineering properties across the NAPS and ESP sites, the staff has
determined that the licensee’s past investigations, combined with the ESP applicant’s
explorations, are adequate to characterize the subsurface conditions in the locations where
data were collected. 

In RAI 2.5.4-4, the staff asked the applicant to explain how the total thickness of the soil layers
sampled at the ESP site (105 ft) is sufficient to characterize the soil properties underlying the
site.  In its response, the applicant stated that the 138 borings performed previously by the
licensee for Units 1 and 2 as well as abandoned Units 3 and 4 characterizes the soils at the
North Anna site very well.  The applicant stated that the soils in all the borings showed the
same general subsurface profile and that it used the ESP borings to show that the soil (and
rock) profiles in each of the borings fit within the general subsurface profile.  Based on the
results of the NAPS and ESP borings, the staff has determined that a consistent geologic
profile underlies the North Anna ESP site.  The staff concludes, therefore, that the applicant
adequately sampled the soil underlying the ESP site in order to confirm the results of borings
previously performed by the licensee.

In RAI 2.5.4-2(a), the staff asked the applicant to describe the extent of severely weathered
fracture zones in the Zone III-IV and IV rock that the licensee observed during the site
investigation for abandoned Units 3 and 4.  The applicant observed similarly fractured rock in
four of the seven ESP borings.  In its response, the applicant provided a table that showed an
RQD of less than 25 percent in nine of the borings for abandoned Units 3 and 4.  The applicant
noted that most of the rock for the low RQD intervals (less than 10 percent) is only 1 to 2 feet
thick.  In RAI 2.5.4-2(b), the staff asked the applicant to describe the impact of these fractured
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rock zones on the suitability of the site to host safety-related structures.  In its response, the
applicant stated the following:

As noted in these SSAR sections, any weathered or fractured zones
encountered at foundation level would be excavated and replaced with lean
concrete.  If such zones exist below sound rock beneath the foundation, they
would have no impact on the stability of the foundation, since these zones are
typically only 0.5 to 1-foot thick, and are confined within an unfractured rock
mass with strengths of 4,000 to 12,000 psi (compared to the maximum
foundation pressure of just over 100 psi).  The foundation itself would consist of
a large, thick, highly-reinforced concrete mat that is so stiff that it cannot logically
yield.

Multiple borings would be performed at each structure location once the building
locations are chosen as part of detailed engineering.  These borings would
identify whether there are any thicker fracture zones beneath the foundation than
those encountered in the ESP borings and in the abandoned Units 3 and 4
borings.  If any thicker zones are found, analysis would be performed to identify
their impact on foundation stability.  If they are close enough to the foundation to
potentially impact stability, they would be excavated and replaced with lean
concrete.

In its response to RAI 2.5.4-2, the applicant stated its commitment to excavate and replace with
lean concrete any weathered or fractured zones found at the foundation level, and the staff will
include a condition in the ESP to require such activities (Permit Condition 2.5-1).  The
replacement of fractured rock with lean concrete is well understood and commonly done to
enhance the strength and stability of the rock to support building loads. The excavation of
weather or fractured rock zones and their replacement with lean concrete will ensure the
bearing capacity of such zones, and the staff concludes that this is adequate to ensure the
stability of structures that might be constructed on the proposed site.

In RAI 2.5.4-6, the staff asked the applicant to explain why it did not provide laboratory test
results from the borings of subsurface materials over various depth intervals.  In response to
RAI 2.5.4-6, the applicant stated that the containment (reactor) buildings for the new units
would be founded on the Zone III-IV and/or Zone IV metamorphic gneiss bedrock at the North
Anna site.  Rock coring and testing performed by the licensee for Units 1 and 2 gave
unconfined compressive strengths for the Zone III-IV and Zone IV rock ranging from 1,000 to
16,300 psi with a median strength of 6,800 psi.  The applicant stated that these rock strengths
are typical for this type of rock and more than sufficient to support the maximum containment
(reactor) building loads of about 100 psi.  The applicant added that during logging of the rock
cores in the field for the ESP investigation, it was apparent that the metamorphic rock is a
strong material.  The applicant performed sufficient tests on the ESP cores to verify that the
rock strengths are similar to or higher than those cores tested for Units 1 and 2.  The applicant
determined that the median value of the unconfined compressive strengths of the Zone III-IV
and IV rock from the ESP investigation was 18,400 psi.  Because the applicant verified through
rock coring and testing during its ESP investigation that the unconfined compressive strength of
the Zone III-IV and IV rock is similar to or higher that the cores tested for Units 1 and 2, the
staff concludes that the applicant has adequately sampled the Zone III-IV and IV rock. 
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Furthermore, the staff concurs with the applicant’s conclusion that the strength of the Zone III-
IV and IV rock is sufficient to support the load of a containment building.

Based on its review of SSAR Sections 2.5.4.2 and 2.5.4.3 and the applicant’s responses to its
RAIs, as described above, the staff concludes that the applicant adequately determined the
engineering properties of the soil and rock underlying the ESP site through its field and
laboratory investigations.  In addition, the applicant used the latest field and laboratory
methods, in accordance with RGs 1.132 and 1.138, to determine these properties.  The staff
concludes that the applicant performed sufficient field investigation and laboratory testing to
determine the overall subsurface profile as well as the material properties underlying the ESP
site.  The staff notes that the applicant committed to perform additional investigations once it
has selected the building locations.  The COL (or CP) applicant would describe these additional
investigations in its COL (or CP) application.

2.5.4.3.3  Relationship of Foundations and Underlying Materials

Section 2.5.4.3 in RS-002 directs the staff to compare the applicant’s plot plans and the profiles
of all seismic Category I facilities with the subsurface profile and material properties.  Based on
this comparison, the staff can determine if (1) the applicant performed sufficient exploration of
the subsurface and (2) the applicant’s foundation design assumptions contain adequate
margins of safety.  The applicant decided to provide this information as part of its COL
submittal.  Submission of the applicant’s plot plans and the profiles of all seismic Category I
facilities for comparison with the subsurface profile and material properties is COL Action Item
2.5-2.

2.5.4.3.4  Geophysical Surveys

The staff focused its review of SSAR Section 2.5.4.3 on the adequacy of the applicant’s
geophysical investigations to determine soil and rock dynamic properties.  The applicant
performed two cross-hole seismic tests, one down-hole seismic test, and two CPT seismic
tests.  The applicant compared the dynamic properties it obtained from these tests with the
results from the previous geophysical surveys of the North Anna site performed by the licensee.

In RAI 2.5.4-5, the staff asked the applicant to explain why SSAR Table 2.5-45 does not provide
shear wave velocities for Zone IIB saprolite and Zone III and III-IV weathered rock.  In its
response, the applicant stated that SSAR Table 2.5-45 gives average shear wave velocities for
Zones IIB, III, and III-IV but does not provide a range of values.  In contrast, it gives both
average values and a range of shear wave velocity values for Zones IIA and IV.  The applicant
stated that it provided only average values for Zones IIB, III, and III-IV because the ESP borings
did not sample these zones as abundantly as Zones IIA and IV.  In response to this RAI, the
applicant also provided its method for determining the average shear wave velocity values for
Zones IIB (1600 ft/s), III (2000 ft/s), and III-IV (3300 ft/s).  Because the applicant used both
cross-hole and down hole seismic tests, as well as direct and indirect methods, the staff
concludes that the applicant has adequately measured the shear wave velocity for each of the
soil and rock zones.  For those zones (IIB, III, and III-IV) that were not sampled as well by the
ESP borings, the applicant used its laboratory measurements of the soil/rock properties to
indirectly determine the shear wave velocities.  Accordingly, the staff concludes that the
applicant adequately sampled the soil and rock underlying the ESP site in order to determine
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the consistency of its dynamic properties with those previously obtained by the licensee in
earlier explorations.

The staff has determined that the applicant used the latest geophysical and geotechnical
measurement methods and equipment in accordance with the recommendations of RGs 1.132
and 1.138 to determine the dynamic properties of the soil and rock underlying the site. Based
on its review of SSAR Section 2.5.4.4 and the applicant’s response to the RAI, described
above, the staff concludes that the applicant adequately determined the soil and rock dynamic
properties through its geophysical survey of the ESP site. 

2.5.4.3.5  Excavation and Backfill

In SSAR Section 2.5.4.5, the applicant provided a general description of (1) the extent
(horizontally and vertically) of anticipated safety-related excavations, fills, and slopes,
(2) excavation methods and stability, (3) backfill sources and quality control, and (4) control of
ground water during excavation.  The staff found this general description to be useful. 
However, the applicant has not selected a reactor design or location within the ESP site, and it
did not provide detailed excavation and backfill plans or plot plans and profiles as outlined in
Section 2.5.4 of RS-002.  Therefore, the staff could not adequately evaluate the applicant’s
excavation and backfill plans and will await the future submittal of these plans as part of the
COL or CP application.  This is COL Action Item 2.5-3.  The staff notes that in SSAR Section
2.5.4.5, the applicant stated that it would (1) geologically map future excavations for safety-
related structures, and (2) evaluate any unforseen geologic features that are encountered.  In
addition, the applicant stated that it would notify the NRC “when any excavations for safety-
related structures are open for their examination and evaluation.”  This is Permit Condition
2.5-4.

2.5.4.3.6  Groundwater Conditions

In SSAR Section 2.5.4.6, the applicant provided a general description of (1) ground water
measurements and elevations and (2) construction dewatering plans.  The staff found this
general description to be useful.  However, the applicant has not selected a reactor design or
location within the ESP site and did not provide an evaluation of ground water conditions as
they affect foundation stability or detailed dewatering plans as outlined in Section 2.5.4 of RS-
002.  Therefore, the staff could not evaluate the ground water conditions as they affect the
loading and stability of foundation materials or the applicant’s dewatering plans during
construction as well as ground water control throughout the life of the plant.  As such, the staff
will await the future submittal of these evaluations and plans as part of the COL or CP
application.  The need to evaluate ground water conditions as they affect foundation stability or
detailed dewatering plans is COL Action Item 2.5-4.

2.5.4.3.7  Response of Soil and Rock to Dynamic Loading

In its review of SSAR Section 2.5.4.7, “Response of Soil and Rock to Dynamic Loading,” the
staff focused on the applicant’s shear wave velocity design profiles to determine the response
of the soil and rock underlying the ESP site to dynamic loading.  In addition, the staff reviewed
the applicant’s modeling of the variation of soil shear modulus and damping with cyclic shear
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strain.  Finally, the staff reviewed the applicant’s site dynamic response, which was based on a
soil amplification/attenuation analysis using the four soil profiles.

In RAI 2.5.4-7, the staff asked the applicant to reconcile two conflicting statements in SSAR
Sections 2.5.4.7.1 and 2.5.1.2.6.  The applicant stated in SSAR Section 2.5.1.2.6 that Zone III
(weathered rock) is not a suitable material for safety-related plant structures.  However, the
applicant stated in SSAR Section 2.5.4.7.1 that some safety-related structures (excluding the
reactor containment building) may be founded on the Zone III weathered rock, Zone IIB
saprolite, or improved Zone IIA saprolite.  In response to RAI 2.5.4-7, the applicant stated that
the statement in SSAR Section 2.5.4.7.1 is correct and that it will delete the statement in SSAR
Section 2.5.1.2.6.  The applicant emphasized that only improved Zone IIA saprolite is
appropriate for certain safety-related structures (see RAI 2.5.4-11 below).  Based on the
applicant’s clarification in its response to RAI 2.5.4-7, the staff concludes that it is appropriate to
consider the construction of safety-related structures on improved Zone IIA, Zone IIB and Zone
III materials.

In RAI 2.5.4-8, the staff asked the applicant to provide its basis for the selected modulus
reduction and damping ratio curves for Zones IIA, IIB, and III.  In response to RAI 2.5.4-8, the
applicant stated that it used the 1993 EPRI report (Ref. 170, SSAR Section 2.5.2), where
applicable, as the basis for the shear modulus reduction and damping ratio curves.  The staff
reviewed the curves that the applicant selected for each of the soil and rock zones to determine
whether the applicant based its selection on appropriate criteria, such as grain size,
cohesiveness, confining pressure, and shear wave velocity. The staff concludes that the shear
modulus and damping curves selected by the applicant were based on appropriate criteria and
are suitable for Zones IIA, IIB, and III soil and rock.

In RAI 2.5.4-8(c), the staff asked the applicant to explain its use of a damping ratio of 2 percent
for the Zone III-IV rock.  In response to RAI 2.5.4-8(c), the applicant stated that the damping
ratio for rock varies from site to site depending on various factors, including the mineral
composition of the rock, the integrity and fissuring of the rock mass, and the level of shear
deformation in the rock formation.  According to the applicant, damping ratios for rock are
generally between 0.5 to 4.5 percent.  The applicant selected 2 percent for the Zone III-IV rock
based on engineering judgment and past experience.  To determine the sensitivity of the
selected damping ratio, the applicant reran its analysis using damping ratios of 0.5, 1.0, and 5.0
percent.  The results reveal only a slight difference in the peak acceleration for the different
damping ratios.  Based on these results, the staff concludes that a damping ratio of 2 percent
for the Zone III-IV rock is suitable.

In RAI 2.5.4-9(a), the staff asked the applicant to describe the method that it used for the
development of the site-specific acceleration time histories.  In response to RAI 2.5.4-9(a), the
applicant stated that it selected two horizontal-component acceleration time histories, which it
then matched to the low- and high-frequency response spectra from the two controlling
earthquakes.  The applicant next used these spectrum-compatible time histories for the site
response analysis.  In RAI 2.5.4-9(b), the staff asked the applicant to further describe the
method it used for the development of the soil column amplification/attenuation analysis.  In
response to RAI 2.5.4-9(b), the applicant stated that it used the SHAKE2000 computer program
to compute the site dynamic responses for the four soil and rock profiles described in SSAR
Section 2.5.4.7.1.  The applicant provided the input soil parameters, the depth at which the hard
rock ground was input (70 ft), and information on the number of iterations to compute the strain-
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compatible modulus and damping values for the SHAKE analysis.  In RAI 2.5.4-9(c) and (d), the
staff asked the applicant to further describe the four soil profiles and how it accounted for the
variability of the soil properties in the analysis.  In response to RAI 2.5.4-9(c) and (d), the
applicant provided the soil properties for each of the four profiles, and an analysis that
demonstrated how it varied these properties.  The applicant stated that the shear wave velocity
(Vs) and the low-strain shear modulus (Gmax), which is derived from Vs, have the most impact on
the amplification/attenuation analysis.  The applicant showed response spectra for different
levels of Gmax (67 to 150 percent).  In RAI 2.5.4-9(e), the staff asked the applicant to justify its
use of the mean 10-4 UHS as the input rock motion.  In response to RAI 2.5.4-9(e), the
applicant stated that it initially used a time history matched to the mean 10-4 UHS; however, in
Revision 3 to its SSAR, it revised this approach to use time histories that match the low- and
high-frequency response spectra calculated from the two controlling earthquakes.  Because the
applicant used both the low-frequency and high-frequency time histories and four different
rock/soil profiles, and accounted for the variability in the soil and rock properties, the staff
concludes that the applicant has accurately determined the dynamic response of the soil and
rock underlying the ESP site to the input hard rock ground motion.  As a result of RAI 2.5.4-9,
the applicant revised portions of SSAR Sections 2.5.4.7 and 2.5.4.8.

Based on its review of SSAR Section 2.5.4.7 and the applicant’s responses to the RAIs noted
above, the staff concludes that the applicant adequately determined the response of the soil
and rock underlying the ESP site to dynamic loading.  The staff notes the applicant’s
commitment in response to RAI 2.5.4-9 to perform further soil column amplification/attenuation
analyses at the COL stage, once it selects specific locations for the nuclear power plant
structures.  This is COL Action Item 2.5-5.  The applicant stated that this analysis would
involve subsurface investigations to determine actual strata thicknesses and confirm the
subsurface material properties at each location.

2.5.4.3.8  Liquefaction Potential

In its review of SSAR Section 2.5.4.8, “Liquefaction Potential,” the staff evaluated the
applicant’s liquefaction analyses.  The staff’s review focused on the applicant’s conclusion that
only the Zone IIA saprolite is susceptible to liquefaction, as well as the various liquefaction
analyses and parameter inputs to these analyses.  The applicant concluded that soil Profile 1,
which has 30 feet of unimproved Zone IIA saprolite, is susceptible to liquefaction in most of the
upper portions.  The applicant stated that if safety-related structures are founded on the Zone II
saprolitic soils, these soils would be improved to reduce any liquefaction potential.

In RAI 2.5.4-10, the staff asked the applicant to describe how it varied the significant soil
properties and seismic input values for each of the different liquefaction analyses.  In addition,
the staff asked the applicant to provide a sample liquefaction analysis.  In its response, the
applicant stated that it based the liquefaction analyses on the work of Youd et al. (Ref. 178,
SSAR Section 2.5).  For each of the three different analyses, the applicant varied Gmax, the
peak earthquake acceleration, and the earthquake magnitude.  Based on its review of the
sample liquefaction analysis, the staff concludes that the applicant used the latest empirical
method and adequately varied the significant soil and seismic input parameters in accordance
with the guidance provided in RG 1.198.  Therefore, the applicant’s liquefaction analyses are
acceptable.
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Based on its review of SSAR Section 2.5.4.8 and the applicant’s response to RAI 2.5.4-10,
described above, the staff concludes that the applicant has employed an acceptable
methodology to determine the liquefaction potential of the soil underlying the ESP site. 
Because portions of the Zone IIA saprolite are susceptible to liquefaction, the applicant stated
that if safety-related structures are founded on the Zone II saprolitic soils, these soils would be
improved to reduce any liquefaction potential.  This is Permit Condition 2.5-5.  The applicant
described techniques for improving the Zone IIA saprolitic soils in SSAR Section 2.5.4.12.

2.5.4.3.9  Earthquake Design Basis

SSAR Section 2.5.2.6 presents the applicant’s derivation of the SSE.  Section 2.5.2.3.6 of this
SER summarizes the staff’s evaluation of the SSE.  

2.5.4.3.10  Static Stability

In its review of SSAR Section 2.5.4.10, the staff focused on the applicant’s determination of the
bearing capacities for each of the soil and rock zones, as well as the applicant’s settlement
analysis.  The applicant presented bearing capacities for each of the soil and rock zones and
described how it obtained these results.  In addition, the applicant stated that the settlement of
a large foundation with an assumed size of 150 ft by 300 ft, underlain by Zone IIB, would be
less than ½ inch.

In RAI 2.5.4-11, the staff asked the applicant to provide further details concerning its calculation
of the bearing capacities of the soil and rock underlying the ESP site.  In its response, the
applicant provided a sample calculation for the staff to review.  In addition, the applicant stated
that the maximum bearing pressure from the containment building foundation is 15 ksf, which is
only a fraction of the allowable bearing capacity of the bedrock (Zone III-IV is 80 ksf and
Zone IV is 160 ksf).  Based on its review of the sample bearing capacity calculation, the staff
determined that the applicant used the widely accepted bearing capacity formulas developed by
Terzaghi (D.P. Coduto, “Foundation Design” [2nd edition], 2001).  Accordingly, the staff
concludes that the applicant adequately determined bearing capacity values for each of the soil
and rock zones.  In addition, the staff concludes that the bearing capacities of Zones III-IV and
Zone IV rock are sufficient to handle the load of a containment building foundation.

Based on its review of SSAR Section 2.5.4.10, the staff concludes that the applicant provided
an adequate preliminary assessment of the static stability of the ESP site.  However, as
described in RS-002, for the staff to perform a complete review of the static stability, the COL or
CP applicant will need to provide an analysis of the stability of all planned safety-related
facilities when the locations of the plant structures are finally specified.  This analysis should
include bearing capacity, rebound, settlement, differential settlements, as well as lateral loading
conditions for all safety-related facilities.  Therefore, the staff concludes that the applicant’s
description of the static stability is adequate to provide an assurance of the stability of the ESP
site, but additional information is needed to support any finding regarding detailed structure-
specific stability.  The need to provide an analysis of the stability of all planned safety-related
facilities, including bearing capacity, rebound, settlement, and differential settlements under
deadloads of fills and plant facilities, and lateral loading conditions is COL Action Item 2.5-6.
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2.5.4.3.11  Design Criteria

In SSAR Section 2.5.4.11, the applicant provided general geotechnical criteria, such as
acceptable FS against liquefaction, allowable bearing capacities, acceptable total and
differential settlements, and acceptable FS against slope stability failure.  The applicant did not
provide structural design criteria, such as wall rotation, sliding, and overturning.

In RAI 2.5.4-12, the staff asked the applicant to explain why it did not provide design criteria
pertaining to structural design.  In its response, the applicant stated that structural criteria, such
as allowable wall rotation and factors of safety against structure sliding and overturning, are not
site specific and thus are not included in SSAR Section 2.5.  The applicant stated that a COL
application would describe these structural criteria.  Since 10 CFR Part 52, Subpart A, does not
require the submission of such information, the staff concludes that the applicant’s decision not
to include structural design criteria in the ESP application is justified.

Based on its review of SSAR Section 2.5.4.11 and the applicant’s response to the RAI, the staff
concludes that the applicant adequately presented the necessary design criteria for the ESP
site.  The need to provide design-related criteria that pertain to structural design (such as wall
rotation, sliding, and overturning) is COL Action Item 2.5-7.

2.5.4.3.12  Techniques to Improve Subsurface Conditions

In SSAR Section 2.5.4.12, the applicant presented a general description of the ground
improvement techniques it may employ so that the Zone IIA saprolitic soils could be used to
support safety-related foundations.  Although this  general description was useful to the staff in
performing a complete review, the COL or CP applicant will need to provide specific plans for
each proposed ground improvement technique it plans to employ so that the Zone IIA saprolitic
soils will be able to support safety-related foundations.  This is COL Action Item 2.5-8.

2.5.4.4  Conclusions

Based on its review of SSAR Section 2.5.4 and the applicant’s responses to the associated
RAIs, described above, the staff concludes that the applicant adequately determined the
engineering properties of the soil and rock underlying the ESP site through its field and
laboratory investigations.  In addition, the applicant used the latest field and laboratory
methods, in accordance with RGs 1.132,1.138, and 1.198 to determine these properties. 
Accordingly, the staff concludes that the applicant performed sufficient field investigations and
laboratory testing to determine the overall subsurface profile, as well as the properties of the
soil and rock underlying the ESP site. Specifically, the staff concludes that the applicant
adequately determined (1) the soil and rock dynamic properties through its geophysical tests,
(2) the response of the soil and rock to dynamic loading, (3) the liquefaction potential of the
Zone IIA saprolitic soils, and (4) the bearing capacities of the soil and rock.  The staff notes that
the applicant committed to perform additional field investigations once it has selected the
locations for safety-related structures at the COL stage. 

In SSAR Sections 2.5.4.5 (excavation and backfill), 2.5.4.6 (ground water conditions), 2.5.4.10
(static stability), 2.5.4.11 (design criteria), and 2.5.4.12 (techniques to improve subsurface
conditions), the applicant did not provide sufficient information for the staff to perform a
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complete evaluation.  In addition, the applicant did not provide any information on the
relationship of the foundation and underlying materials (Section 2.5.4.3 in RS-002).  Each of the
these topics depends on specific information related to building location and design and will be
needed as part of any COL or CP application.

In SSAR Table 1.9-1, “ESP Site Characteristics and Design Parameters,” the applicant
identified three subsurface material properties as ESP site characteristics and design
parameters.  The first design parameter specifies that there is no potential for liquefaction at the
ESP site.  The applicant demonstrated, in SSAR Section 2.5.4.1.8, that any liquefaction at the
ESP site would be limited to the Zone IIA saprolites, and if any safety-related structures are
founded on the Zone IIA saprolites, these soils would be improved to reduce potential
settlements and to ensure an FS greater than or equal to 1.1.  The second design parameter
specifies a minimum bearing capacity value of 15 ksf.  The bearing capacities for rock of Zones
III and above underlying the ESP site are greater than 15 ksf (see SSAR Table 2.5-45).  Finally,
the third design parameter specifies a minimum shear wave velocity of 3500 ft/s for the material
underlying the foundation.  The applicant stated that the reactor containment would be founded
on Zone III-IV or IV bedrock.  Because the average shear-wave velocity (Vs) of the Zone III-IV
bedrock is slightly less (3300 ft/sec) than this postulated design value (3500 ft/sec), the COL or
CP applicant will need to determine the Vs of the actual material underlying the foundation for
the reactor containment to ensure that Vs equals or exceeds that of the chosen design.  This is
COL Action Item 2.5-9.  The staff has reviewed the applicant’s suggested site characteristics
and plant design parameters related to SSAR Section 2.5.4 for inclusion in an ESP, should the
NRC issue one to the applicant.  For the reasons set forth above, the staff agrees with the
applicant’s characteristics, parameters, and values for those characteristics and parameters. 

2.5.5  Stability of Slopes

SSAR Section 2.5.5 presents information on the stability of permanent slopes at the NAPS site. 
The applicant used previous geological, geophysical, and geotechnical investigations as a basis
for determining the stability of the slopes at the site.  SSAR Section 2.5.5.1 describes the
existing slope characteristics, SSAR Section 2.5.5.2 describes the design criteria and analyses
of slope stability, SSAR Section 2.5.5.3 presents information from two sample borings on or
close to the slope, SSAR Section 2.5.5.4 states that the slope does not contain compacted fill,
and SSAR Section 2.5.5.5 describes a potential new slope that may be excavated at the site.

2.5.5.1  Technical Information in the Application

2.5.5.1.1  Slope Stability Analysis and Design Criteria

Existing Slope Characteristics.  SSAR Section 2.5.5.1 describes an existing 2-horizontal to
1-vertical (2h:1v), 55-ft high slope that descends from north of the SWR down to the south of
the existing excavation made for the abandoned NAPS Units 3 and 4.  The slope was
excavated during construction of NAPS Units 1 and 2 and is made almost entirely of cut
material.  Since the top of this slope is 200 feet from the top of the SWR embankment, the
applicant concluded that any potential instability of the slope would have no impact on the
stability of the SWR embankment.  However, sloughing or collapse of the slope could impact
the new units, depending on their final location.
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The NAPS licensee took two slope borings, conducted for the Unit 1 and 2 investigation, close
to the area of the slope.  As shown in the boring profiles, the soils in the slope consist almost
entirely of Zone IIA saprolites.  Saprolites are a further stage of weathering beyond weathered
rock.  Although saprolites are classified as soils, they still contain the relict structure of the
parent rock and some core stone of the parent rock.  About 75 percent of the Zone IIA
saprolites are classified as coarse grained (sands, silty sands), while the remainder are fine
grained (clayey sands, sandy and clayey silts, and clays).  The majority of the saprolites
obtained from the borings in the slope area are dense silty sands.

Design Criteria and Analyses.  SSAR Section 2.5.5.2 presents the design criteria for the slope,
as well as an analysis of the static and dynamic (seismic) stability analysis.  The design criteria
used for the slope include the following minimum factors of safety:

• end of construction—FS=1.4
• long-term static (nonseismic)—FS=1.5
• long-term seismic—FS=1.1

The applicant inspected the slope during the ESP site investigation and found no signs of
distress.  In addition, a comparison of recent and old photographs of the site shows that the
condition of the slope is unchanged.

For the static and dynamic analyses of the slope, the applicant used the computer program
SLOPE/W, which is a commercial software product that employs limit equilibrium theory to
compute the FS of earth and rock slopes.  For the static analysis, the SLOPE/W program used
the Bishop method of slices.  The applicant assumed that the saprolite is predominantly coarse
grained, with a unit weight of 125 pcf, an angle of internal friction (φ’) of 30 degrees, and an
effective cohesion (c’) of 0.25 ksf.  The resulting FS for the static analysis is 1.75, which is
above the minimum FS of 1.5 for long-term static stability.

For the seismic slope stability analysis, the applicant used the pseudostatic approach, which
assumes that the horizontal and vertical seismic forces act on the slope in a static manner as a
constant force.  Since an actual seismic event would last only seconds, with the peak motions
occurring for a small portion of the total duration, the applicant concluded that the pseudostatic
approach is a conservative approach.  For the high-frequency earthquake, the applicant used a
peak horizontal acceleration of 0.57g, which is the average peak acceleration in the top 55 feet
of unimproved soil (see SSAR Table 2.5-46).  Similarly, the applicant used a vertical peak
acceleration of 0.29g.  The applicant stated that the resulting FS is significantly less than 1.1,
which is the minimum FS required for seismic slope stability.  For the low-frequency
earthquake, the applicant used a peak horizontal acceleration of 0.21g, which is the average
peak acceleration in the top 55 ft, and a vertical acceleration of 0.105g.  The computed FS for
this case is slightly greater than 1.1.

As an alternative to applying the peak acceleration values for the pseudostatic analysis, the
applicant chose to use horizontal accelerations of 0.15g and 0.10g and a vertical acceleration of
zero.  The applicant provided the following argument to support these acceleration values:

Seed [Ref. 186], in the 19th Rankine Lecture, addressed the over-conservatism
intrinsic in the pseudo-static analysis.  He looked at the more rational approach
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proposed by Newmark [Ref. 187], where the effective acceleration time-history is
integrated to determine velocities and displacements of the slope.  He also
examined dams in California that had been subjected to seismic forces, including
several dams that survived the 1906 San Francisco earthquake.  Based on his
studies, he concluded that for embankments that consist of materials that do not
tend to build up large pore pressures or lose significant percentages of their
shear strength during seismic shaking, seismic coefficients of only 0.15g are
adequate to ensure acceptable embankment performance for earthquakes up to
Magnitude M=8.25 with peak ground accelerations of 0.75g.  For earthquakes in
the range of M=6.5, Seed recommends a horizontal seismic coefficient of only
0.1g with a vertical seismic coefficient of zero.

Since the fabric and interlocking angular grain structure of the Zone IIA saprolite have a low
susceptibility to pore pressure buildup and liquefaction, the applicant concluded that it would not
lose a significant portion of its shear strength during shaking.  In addition, since the controlling
earthquake magnitudes for the ESP site are 5.4 and 7.2, the applicant concluded that using the
acceleration values recommended by Seed was justified.  Using horizontal accelerations of
0.10g and 0.15g with a vertical acceleration of zero, the computed FS are greater than 1.1,
which is higher than the minimum FS for seismic slope stability.  In summary, the applicant
stated “the Seed reductions are considered reasonable and valid, and it is concluded that the
SWR slope has an adequate factor of safety against failure.”

In RAI 2.5.5-1, the staff asked the applicant to provide its basis for concluding that the existing
slope has a low susceptibility to liquefaction, and therefore concluding that a horizontal
acceleration of 0.1g is suitable for the slope stability analysis.  In its response, the applicant
stated that it has revised its previous liquefaction analysis because it is now basing the SSE on
the RG 1.165 approach.  The applicant’s revised liquefaction analysis (see SSAR Section
2.5.4.8) showed more widespread liquefaction within the Zone IIA saprolitic soils.  However,
since this analysis did not take into account the age, fabric, structure, and mineralogy of the
saprolite, the applicant maintained that any liquefaction would not be widespread.  The
applicant also defended its use of 0.10g and 0.15g as the peak accelerations for the
pseudostatic slope stability analysis.  The applicant cited the research of Seed (Ref. 186, SSAR
Section 2.5), who concluded that if embankments do not liquefy or lose a significant amount of
strength during a seismic event, they would displace at the crest, but typically not fail in the
conventional sense.  The applicant stated that the design high-frequency earthquake has
relatively low energy (magnitude 5.4), and therefore an acceleration of 0.10 g is adequate.  For
the low-frequency earthquake, the applicant used a value of 0.15g for the peak acceleration. 
The pseudostatic slope stability analyses run with 0.1g and 0.15g both give FS values greater
than 1.1.

The applicant also used the pseudostatic approach recommended by Kramer (Ref. 188, SSAR
Sec 2.5), which uses half of the peak acceleration value rather than a set peak value based on
magnitude.  Using Kramer’s method, for the high frequency earthquake the applicant used a
horizontal peak acceleration value of 0.285g and a vertical peak acceleration of 0.1425g.  For
the low-frequency earthquake the applicant used a horizontal peak acceleration of 0.105g and
a vertical peak acceleration of 0.05g.  With these peak acceleration values, the applicant found
that the FS is just below 1.0 for the high-frequency ground motion and greater than 1.1 for the
low-frequency ground motion.  Since the FS is below 1.0 using Kramer’s method, the applicant
stated that it could not rule of the possibility of some liquefaction in the slope area.
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Boring Logs.  The applicant drilled two sample borings on or close to the existing 2h:1v slope to
the north of the SWR.  Figures 2.5-71 and 2.5-72 in the SSAR reproduce the logs of the two
borings.

Compacted Fill.  SSAR Section 2.5.5.4 states that the existing 2h:1v slope is a cut slope and
does not contain fill materials in any significant quantity.

Proposed New Slope.  SSAR Section 2.5.5.5 states that a new slope may be excavated to the
west of the SWR to accommodate UHSs for the new units.  The new slope would be
approximately the same height and would have the same 2h:1v slope as the existing slope.  In
addition, this proposed new slope would comprise similar materials as the existing slope. 
Therefore, the applicant concluded that the analytical conclusions for the existing slope would
apply to the new slope; the new slope would be stable under seismic and long-term static
conditions.

Conclusions.  In SSAR Section 2.5.5.6, the applicant stated that based on the possibility of
some liquefaction in the slope area (existing slope), as well as the marginal results that it
obtained using Kramer’s method (Ref 188, SSAR Section 2.5), it would take measures to
ensure the safety of the slope and the structures that may be located close to the bottom of the
slope.  The applicant stated that these measures could include reducing slope steepness,
removing and replacing materials that could lose significant strength during the design
earthquake, implementing ground improvement measures such as soil nailing, moving
structures further from the toe of the slope, and/or providing walls/barriers to protect those
structures. 

2.5.5.2  Regulatory Evaluation

SSAR Section 2.5.5 presents information on the stability of permanent slopes at the ESP site. 
The applicant stated in SSAR Section 1.8 that it developed the information regarding slope
stability in accordance with the guidance presented in Section 2.5.5 of RS-002 and RG 1.70,
and that the information is intended to satisfy the requirements of 10 CFR 100.23.  The staff
finds that the applicant identified the guidance and regulatory requirements applicable to the
determination of slope stability at the ESP site.  

In its review of the application, the staff considered the regulatory requirements in
10 CFR 100.23, which states that the applicant for an ESP must describe the geologic and
seismic conditions of the proposed site necessary to determine site suitability.  Section 2.5.5 of
RS-002 provides specific guidance concerning the evaluation of information characterizing the
stability of slopes under SSE conditions.

2.5.5.3  Technical Evaluation

The staff’s review of SSAR Section 2.5.5 focused on the applicant’s analysis of the stability of
an existing slope adjacent to the ESP site, the failure of which might impact future structures
located close to the slope.  The staff reviewed the applicant’s description of the existing slope
characteristics, design criteria and analyses, and proposed new slope and design modifications.
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2.5.5.3.1  Slope Stability Analysis and Design Criteria

The staff focused its review of SSAR Sections 2.5.5.1 through 2.5.5.6 on the adequacy of the
applicant’s slope stability analysis of an existing slope adjacent to the ESP site.  In addition, the
staff reviewed the applicant’s summary of the slope subsurface conditions, as well as its
proposed new slope and potential design modifications to ensure the safety of the slope and of
the structures located close to the bottom of the slope.

In RAI 2.5.5-1, the staff asked the applicant to provide its basis for concluding that the existing
slope has a low susceptibility to liquefaction, and therefore concluding that a horizontal
acceleration of 0.1g is suitable for the slope stability analysis.  In response to RAI 2.5.5-1, the
applicant stated that it has revised its previous liquefaction analysis because it is now basing
the SSE on the RG 1.165 approach.  For the low-frequency earthquake, the applicant used a
value of 0.15g for the peak acceleration.  The pseudostatic slope stability analyses run with
0.10g and 0.15g both gave FS values greater than 1.1.  The applicant concluded its response
to RAI 2.5.5-1 by stating, “in recognition of the high near-surface accelerations and the results
of the liquefaction analysis, the SSAR will be revised to indicate measures that would be taken
to ensure the safety of the slope and of the structures that may be located close to the bottom
of the slope.”  The staff concludes that, for the purposes of the ESP application, the
pseudostatic analysis used by the applicant is adequate to analyze the stability of the existing
slope.  For the pseudostatic analysis, the applicant used the peak acceleration values
recommended by Seed (Ref. 186, SSAR Section 2.5).  The pseudostatic approach developed
by Seed is a commonly used empirical method accepted by RG 1.198.

2.5.5.4  Conclusions

Based on its review of SSAR Section 2.5.5 and the applicant’s response to RAI 2.5.5-1,
described above, the staff concludes that the applicant sufficiently demonstrated the stability of
the existing slope for the purposes of the ESP application.  However, because of the
susceptibility of the Zone IIA saprolites to liquefaction, the staff concludes that the COL or CP
applicant will need to conduct a more detailed dynamic analysis of the stability of the existing
slope and any new slopes using the SSE ground motion.  This is COL Action Item 2.5-10.  A
more extensive dynamic analysis would be appropriate at the COL or CP stage, since the
applicant will have determined the locations of safety-related structures relative to the existing
or new slopes.  In addition, the COL or CP applicant will need to provide plot plans and cross
sections/profiles of all of the safety-related slopes, and will need to specify the measures that it
will take to ensure the safety of the slopes and any structures located adjacent to the slopes. 
This is COL Action Item 2.5-11.

2.5.6  Embankments and Dams

2.5.6.1  Technical Information in the Application

In SSAR Section 2.5.6, the applicant stated that since Lake Anna would only be used for
normal (i.e., nonsafety-related) plant cooling of the new units, it did not reanalyze the North
Anna Dam as part of the ESP application.  According to the applicant, the North Anna Dam was
designed and constructed to meet the requirements for a seismic Category I structure in
support of the existing NAPS units.
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2.5.6.2  Regulatory Evaluation

SSAR Section 2.5.6 states that the applicant did not reanalyze the North Anna Dam since Lake
Anna would only be used for normal plant cooling of the new units.  As such, the applicant did
not list any regulatory guidance or cite any regulations as applicable to SSAR Section 2.5.6.

Section 2.5.6, “Embankments and Dams,” of RG 1.70, describes the necessary information and
analysis related to the investigation, engineering design, proposed construction, and
performance of all embankments used for plant flood protection or for impounding cooling
water.  Sections 2.4.4, “Potential Dam Failures,” and 2.5.5, “Stability of Slopes,” in RS-002
provide similar information and guidance.

2.5.6.3  Technical Evaluation

Section 2.4.4 of this SER provides the staff’s evaluation of potential dam failures; Section 2.5.5
of this SER provides its evaluation of slope stability.

2.5.6.4  Conclusions

Sections 2.4.4 and 2.5.5 of this SER present the staff’s conclusions regarding dam failures and
slope stability, respectively.
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