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2 SITE CHARACTERISTICS 

2.4 Hydrologic Engineering (text in ML101800144) 

2.5 Geology, Seismology, and Geotechnical Engineering 

In COL FSAR Section 2.5, “Geology, Seismology, and Geotechnical Engineering,” the COL 
applicant described geologic, seismic, and geotechnical engineering characteristics of the 
proposed COL site.  Following the guidance in RG 1.206, “Combined License Applications for 
Nuclear Power Plants (LWR Edition),” and RG 1.208, “A Performance Based Approach to 
Define the Site Specific Earthquake Ground Motion,” the COL applicant defined the following 
four zones around the CCNPP site and conducted investigations in these zones: 

1. Site region - Area within a 320 km (200 mi) radius of the site location. 

2. Site vicinity - Area within a 40 km (25 mi) radius of the site location. 

3. Site area - Area within an 8 km (5 mi) radius of the site location. 

4. Site location - Area within a 1 km (0.6 mi) radius of proposed CCNPP Unit 3. 

Since the COL Unit 3 site is located adjacent to CCNPP Units 1 and 2, in COL FSAR 
Section 2.5, the COL applicant stated that it used the previous site investigations for these 
facilities as the starting point for the characterization of the geologic, seismic and geotechnical 
engineering properties of the COL site.  The material in COL FSAR Section 2.5 for CCNPP 
Unit 3, however, includes newly published information since the CCNPP Units 1 and 2 FSAR 
was issued in 1968 as well as any recent geologic, seismic, geophysical and geotechnical 
investigations performed for the COL site 

The COL applicant submitted the original COL FSAR in March 2008, which is docketed under 
NRC Docket No. 52-016.  In this original submission to address the seismic source 
characterization and the vibratory ground motion at the site, the COL applicant used seismic 
source models published by the Electric Power Research Institute (EPRI, 1986, 1989) as the 
starting point and updated them using new information and data prior to its use in the CCNPP 
seismic hazard calculations.  The COL applicant used the EPRI (2004) and EPRI (2006) ground 
motion prediction equations to estimate the vibratory ground motion at the site.  The COL 
applicant then employed the performance based approach described in RG 1.208 to develop 
the Ground Motion Response Spectra (GMRS) for the site. 

The staff reviewed COL FSAR, Revision 8, Section 2.5 “Geology, Seismology, and 
Geotechnical Engineering,” extensively, interacted with the COL applicant on many occasions at 
public meetings, and requested additional information to substantiate and support the 
conclusions provided in the COL FSAR.  However, on September 27, 2012, the COL applicant 
submitted a response to RAI 284, Question 02.05.02-22, RAI 322, Question 02.05.02-23, and 
RAI 345, Question 02.05.02-24, which included COL FSAR markups for a significantly modified 
Revision 8 of COL FSAR Section 2.5; replacing some of the key information and calculations 
related to seismic hazard estimates at the CCNPP Unit 3 site.  The COL applicant committed 
that in the next version of the COL FSAR, it will include these markup changes.  In this RAI 
response the COL applicant replaced the base seismic source model used in seismic hazard 
analysis from the EPRI (1986, 1989) seismic source model to the newly published 
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NUREG-2115, “Central and Eastern United States Seismic Source Characterization for Nuclear 
Facilities” seismic source model.  This change was a result of NRC actions that took place 
shortly after the Fukushima Dai-ichi nuclear power plant accident following the Great Tohoku 
earthquake and the subsequent tsunami in Japan in 2011.  The NRC Near Term Task Force 
(NTTF) issued a series of recommendations to improve nuclear power plant safety in the U.S. 
following the Fukushima Dai-ichi accident.  Subsequently, the NRC issued an information 
request letter dated March 12, 2012, and requested that all operating nuclear power plants in 
the U.S. re-evaluate seismic hazard using the most recent information and methodologies 
available.  The information request letter stated that nuclear power plant sites in the Central and 
Eastern United States (CEUS) will be able to use the newly published seismic source model in 
NUREG-2115 to characterize the seismic hazard for their plants.  Following the issuance of this 
information request letter to the operating nuclear power plants, the staff also requested that all 
COL and Early Site Permit (ESP) applicants address this issue.  Therefore, in RAI 345, 
Question 02.05.02-24, the staff asked the COL applicant to reassess their calculated seismic 
hazard using the newly published NUREG-2115 seismic source model and modify their GMRS, 
if needed.  In a September 12, 2012, response to RAI 345, Question 02.05.02-24, the COL 
applicant informed the NRC that it is changing its seismic source model and would use the 
NUREG-2115 seismic model in its seismic hazard calculations for the CCNPP Unit 3 site.  This 
resulted in the COL applicant revising COL FSAR Section 2.5 significantly, especially COL 
FSAR Section 2.5.2, “Vibratory Ground Motion” and the calculations therein.  The COL applicant 
submitted COL FSAR markups to Revision 8, Section 2.5 in its September 27, 2012, response.  
With this change of the base seismic source model, many of the previous RAIs the staff had 
asked have become irrelevant.  The following sections of this report describe only the most 
recent version of the COL FSAR (Revision 8), as well as further COL FSAR markups provided 
in the September 27, 2012, response to RAI 345, Question 02.05.02-24.  The staff's technical 
evaluations do not discuss the replaced portions of the COL FSAR and many of the staff's 
earlier RAIs, which are now obsolete and closed without specific resolution.  Those RAIs that 
maintained applicability for the staff’s review following the change in the base seismic source 
model are discussed below in detail along with the staff's new RAIs related to the most recent 
version of the COL FSAR. 

This report for Section 2.5 is divided into five main parts, Sections 2.5.1 through 2.5.5, which 
parallel the five COL FSAR sections prepared by the COL applicant for the CCNPP COL 
application (COLA).  The five sections in this report are Section 2.5.1, "Basic Geologic and 
Seismic Information"; Section 2.5.2, “Vibratory Ground Motion”; Section 2.5.3, "Surface 
Faulting"; Section 2.5.4, "Stability of Subsurface Materials and Foundations"; and Section 2.5.5, 
"Stability of Slopes" (including information regarding embankments and dams).  These sections 
of this report present the staff's evaluations and conclusions with regard to the geologic, 
seismic, and geotechnical engineering characteristics for proposed CCNPP Unit 3.  Each 
section has two parts, the summary part and the technical evaluation part.  In the summary 
section, the staff summarized the material provided by the COL applicant and the analyses, 
statements, and conclusions drawn by the COL applicant and documented in the COL FSAR.  
In the technical evaluation part, the staff discusses what they did for the safety review, the RAIs 
they asked the COL applicant, the staff’s evaluation of the RAI responses, and staff’s 
conclusions and findings for that section. 



2-3 

2.5.1 Basic Geologic and Seismic Information 

2.5.1.1 Introduction 

COL FSAR Section 2.5.1 describes the geologic, seismic information that the COL applicant 
collected during site characterization investigations.  This information addresses regional and 
site-specific geologic characteristics.  The results are derived primarily from surface and 
subsurface investigations, performed in progressively greater detail closer to the site, within 
each of four circumscribed areas corresponding to site region, vicinity, area, and location, as 
previously defined.  The COL applicant conducted these investigations to assess geologic and 
seismic suitability of the site; to determine whether new geologic or seismic data exist that could 
significantly impact seismic design based on the results of probabilistic seismic hazard analysis 
(PSHA); and to provide the geologic and seismic data appropriate for plant design. 

2.5.1.2 Summary of Application 

COL FSAR, Revision 8, Section 2.5.1 incorporates by reference U.S. EPR FSAR Tier 2, 
Section 2.5.1. 

In addition, in COL FSAR Section 2.5.1, the COL applicant provided supplemental, site-specific 
information to address the following: 

A COL applicant that references the U.S. EPR design certification will use 
site-specific information to investigate and provide data concerning geological, 
seismic, geophysical, and geotechnical information. 

COL FSAR Section 2.5.1 is divided into two main sections.  COL FSAR Section 2.5.1.1, 
"Regional Geology," describes the geologic and tectonic setting within a 320 km (200 mi) radius 
of the site, while COL FSAR Section 2.5.1.2, "Site Area Geology," describes the geology and 
tectonic setting of the 40 km (25 mi), 8 km (5 mi), and 1 km (0.6 mi) site radii. 

The COL applicant developed COL FSAR Section 2.5.1 based on information derived from 
previously prepared reports for CCNPP Units 1 and 2, and new geologic and geotechnical field 
studies performed specifically for characterization of the proposed CCNPP Unit 3 site.  The COL 
applicant used recently published literature, reports, and maps from State and Federal agencies 
and research workers to supplement and update existing geologic and seismic information and 
consulted with individual researchers at universities and state agencies familiar with previous or 
ongoing investigations in the site region, vicinity and area. 

Based on its investigations for CCNPP Unit 3, the COL applicant concluded in COL FSAR 
Section 2.5.1 that no geologic conditions exist at the CCNPP Unit 3 site that would negatively 
impact the construction, or the operation of safety-related buildings, or structures.  The COL 
applicant further concluded that no geologic hazards have been identified within the CCNPP 
site.  There were no deformation zones encountered in the excavation for CCNPP Units 1 and 2 
and none have been found in the site investigation for CCNPP Unit 3.  There are no geologic 
units at the site subject to dissolution.  A summary of the geologic and seismic information 
provided by the COL applicant in COL FSAR Section 2.5.1 is presented below. 

2.5.1.2.1 Regional Geology 

COL FSAR Section 2.5.1.1 presents information about the regional geology within a 320 km 
(200 mile) radius of the CCNPP site.  Figure 2.5.1-1 of this report shows the location of CCNPP 
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with a red star, and the circle around the site location indicates the extent of the regional 
geology discussions in the COL FSAR text.  The COL applicant covered major geologic topics 
including:  physiography, geomorphology, geologic history, stratigraphy, and tectonic setting. 

The CCNPP site is located on the eastern U.S. passive continental margin, in the Coastal Plain 
geologic province.  Nearby, to the west is the Piedmont geologic province, which also underlies 
the Coastal Plain section, beneath the site.  The COL applicant described several Triassic-aged 
(248 to 206 Ma) rift basins, both buried and exposed at the surface within the 320 km 
(200 miles) region of the CCNPP site.  This region also reflects Cenozoic-aged (younger than 
65 Ma), continental margin lithospheric flexure observed as uplift arches (e.g., South 
New Jersey and Norfolk Arches) and subsidence basins or embayments (e.g. Salisbury 
Embayment) along the Coastal Plain and Continental Shelf. 

2.5.1.2.1.1 Regional Physiography and Topography 

The regional physiography and geomorphology of the CCNPP site is described in COL FSAR 
Section 2.5.1.1.1.  From west to east, the site region includes parts of the Appalachian Plateau, 
Valley and Ridge, Blue Ridge, Piedmont, Coastal Plain and the Continental Shelf physiographic 
provinces.  The COL applicant described the CCNPP site as located on the Coastal Plain 
Physiographic Province, an area of low topographic relief with elevations ranging from near sea 
level to 88 m (290 ft) above mean sea level.  The terrain is a gently rolling surface developed on 
unconsolidated sediments (gravel, sand, silt, and clay).  Multiple sea level changes, as well as 
coastal and fluvial geomorphic processes influence the landforms that dominate this province. 

The COL applicant noted that the Piedmont Physiographic Province is located immediately to 
the west of the CCNPP site.  Crystalline rock, exposed at the surface is heavily weathered and 
highly variable and results in an irregular surface across the province.  The topography is 
typically at a higher elevation than the Coastal Plain province to the east. 

2.5.1.2.1.2 Regional Geologic History 

COL FSAR Section 2.5.1.1.2 describes the regional geologic history through episodes of 
mountain building (orogenesis) and continental rifting events from the Precambrian (older than 
542 Ma) Grenville orogeny to the Cenozoic (since 65 Ma) passive margin. 

The COL applicant stated that the Grenville orogeny occurred during Middle to Late 
Precambrian time (approximately 1 billion years ago).  The Blue Ridge and Piedmont geologic 
provinces contain the rock associated with this early mountain building episode.  The Iapetus 
Ocean formed during the Late Precambrian (900 to 542 Ma) with continental rifting along the 
eastern edge of the North American plate.  As the Iapetus Ocean opened, clastic sediments 
began to accumulate through the early Cambrian (542 to 521 Ma) along the newly formed 
continental margin.  Clastic sediments are mineral particles eroded out of any rock exposed to 
weathering or surficial processes, then subsequently transported, and ultimately deposited in 
low lying areas, including offshore.  Clastic sediments are distinguished from carbonate 
sediments that form from minerals precipitated out of solution.  Later in the Cambrian into 
Ordovician time (512 to 470 Ma) thick units of carbonate sediments deposited on top of the 
older clastic sediments in sea-ward thickening wedges.  The COL applicant provided details of 
subsequent, convergent orogenies that are part of the entire Appalachian orogen and that 
accreted various geologic terranes to the North American margin including the:  
Potomac/Penobscot, Taconic, Acadian, and Alleghanian orogenies.  The Alleghanian orogeny 
represents the final convergent phase in the closing of the Iapetus Ocean and the collision of 
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the North American and African plates.  Significant, regional deformation, and metamorphism 
accompanied these orogenies. 

The COL applicant described the continental rifting that occurred during Late Triassic through 
Jurassic time (227 to 144 Ma) that resulted in the breakup of Pangaea and the formation of the 
current Atlantic Ocean.  The COL applicant stated that this extensional episode produced 
numerous fault-bounded, closed basins ("Triassic basins") along eastern North America.  The 
elongate basins generally trend northeast, parallel to the pre-existing structures formed during 
the preceding orogenies.  The basins may be:  exposed at the surface (Gettysburg and 
Culpeper Basins); buried beneath sediments of the Coastal Plain; or buried offshore on the 
continental margin.  The COL applicant described the change from continental rifting to sea floor 
spreading at the Mid-Atlantic spreading center during Cenozoic time (since 65 Ma).  The COL 
applicant stated that the eastern North American continental margin cooled and subsided and 
received large amounts of sediments (Coastal Plain sedimentary section) from the eroding 
Appalachian Mountains to the west.  The coastal plain sediments cover crystalline rock terranes 
of the Piedmont geologic province as well as Triassic rift basins. 

The COL applicant described the Quaternary period (since 2.6 Ma) in terms of multiple episodes 
of continental glaciation, isostatic uplift and eustatic sea level changes that have resulted in the 
present day landscape and shoreline.  The mid-Atlantic margin erodes at approximately 
10m/m.y.  The Appalachian Piedmont is uplifted and the Salisbury Embayment subsides across 
a regional hinge zone physiographically represented by the Fall Zone. 

2.5.1.2.1.3 Regional Stratigraphy 

COL FSAR Section 2.5.1.1.3 describes the regional stratigraphy within the 320 km (200 mi) 
radius of the site.  The COL applicant provided several maps and stratigraphic columns to 
describe three age-bounded, major stratigraphic sections:  Pre-Silurian (older than 443 Ma), 
Silurian through Jurassic (443 to 144 Ma), and Cretaceous through Quaternary (since 144 Ma).  
The stratigraphic assemblages and relationships discussed in this section also provide a basis 
for understanding the regional geologic history and the tectonic setting.  The COL applicant 
explained that pre-Silurian (older than 443 Ma) stratigraphic units represent continental, 
oceanic, and island arc terranes.  The COL applicant described Silurian through Jurassic 
(443 to 144 Ma) stratigraphic units that formed during the Paleozoic orogenies: Taconic 
(~470 to 440 Ma), Acadian (~417 to 375 Ma), and Alleghanian (~325 to 254 Ma).  Finally, the 
COL applicant described limestone/coral reef shelf deposition followed by mud and siltstone 
deposition sequences and topped by quartz sand deposition sequences. 

The Alleghanian orogeny resulted in the formation of the super continent Pangaea which began 
to breakup 230 Ma ago with the initiation of continental rifting.  This is the origin of the Mesozoic 
(248 to 65 Ma) rift basins that have formed along the length of the North American Atlantic 
margin.  The COL applicant described both buried and exposed rift basins and the general 
stratigraphy of the Newark Supergroup.  The Newark supergroup is a regional stratigraphic 
assemblage that encompasses all the separate formations described in specific, exposed rift 
basins. 

2.5.1.2.1.3.1 Cretaceous through Quaternary Stratigraphic Units 

In COL FSAR Section 2.5.1.1.3.5, the COL applicant described Cretaceous (144 to 65 Ma), 
Tertiary (65 to 2.6 Ma) and Quaternary (since 2.6 Ma) stratigraphic units that drape basement 
rock with Coastal Plain and continental shelf sequences within the 320 km (200 mi) radius of the 
CCNPP site.  The CCNPP site is located directly on the St. Mary's Formation and Upland 
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deposits (11.2 to 16.4 Ma) of the Coastal Plain sedimentary sequence.  The COL applicant 
described Coastal Plain sediments as a seaward thickening wedge deposited on the continental 
margin consisting of inter-bedded, silty-clay, sand, and gravel layers deposited in both marine 
and non-marine environments. 

The COL applicant explained that the youngest deposits in the Coastal Plain consist of the 
Pliocene-age (5.3 to 2.6 Ma) Upland deposits and the Pleistocene to Holocene (2.6 Ma to 
present) Lowland deposits.  The upland Pliocene deposits are sand with gravel cobbles and 
boulders that blanket topographically high areas.  The Upland deposits cap the higher 
interfluvial divides and represent a highly dissected sediment sheet that in general slopes 
toward the southwest (Glaser, 1971) (Hansen, 1996).  The COL applicant explained that the 
erosion might be the result of differential uplift during the Pliocene or down cutting in response 
to lower base levels when sea level was lower during period of Pleistocene glaciation.  The 
Pleistocene to Holocene Lowland deposits in southern Maryland are fluvial to estuarine units 
(Hansen, 1996) and are located along the Patuxent and Potomac River valleys and the 
Chesapeake Bay. 

2.5.1.2.1.4 Regional Tectonic Setting 

COL FSAR Section 2.5.1.1.4 describes the regional tectonic setting within a 320 km (200 mi) 
radius of the CCNPP site.  The COL applicant included in the regional tectonic setting a 
description of seismic sources in the CCNPP site region that have been addressed in the 
Central and Eastern United States Seismic Source Characterization for Nuclear Facilities 
(CEUS SSC) Project (NUREG 2115 ).  The COL applicant pointed out that details of the 
CCNPP site PSHA are presented in COL FSAR Section 2.5.2. 

The COL applicant reported that the CCNPP site is located largely within the Extended 
Continental Crust-Atlantic Margin (ECC-AM) seismotectonic zone of the CEUS SSC.  The 
ECC-AM includes several major faults and shear zones:  Faults related to Paleozoic orogenic 
events, faults associated with the Mesozoic rift basins, and Cenozoic faults typically oriented 
sub-parallel to the Paleozoic and Mesozoic structures (northeast to southwest).  Evidence for 
Cenozoic activity is observed on the Stafford and Brandywine faults systems; and the 
Everona-Mountain Run and Hopewell/Dutch Gap faults.  Seismicity within the ECC-AM is 
spatially variable, with moderate concentrations of earthquake activity located in central Virginia, 
the greater New York City and Philadelphia areas, the Charleston, South Carolina area, the 
Piedmont region of South Carolina and Georgia, and New England. 

The COL applicant divided COL FSAR Section 2.5.1.1.4 into several topical areas, including:  
Plate Tectonic Evolution of the Atlantic Margin, Tectonic Stress in the Mid-Continent Region, 
Gravity and Magnetic Data and Features of the Site Region and Site Vicinity, Principal Tectonic 
Structures, and Seismic Sources Defined by Regional Seismicity.  A brief description of each of 
these sections is presented below. 

2.5.1.2.1.4.1 Plate Tectonic Evolution of the Atlantic Margin 

The COL applicant divided the regional plate tectonic history into:  (1) Late Proterozoic and 
Paleozoic tectonic history; (2) Mesozoic and Cenozoic passive margin evolution; and 
(3) Cenozoic passive margin flexural tectonics.  The COL applicant provided information about 
the earliest collisions and rifting events that impacted the eastern North American continent from 
the Grenville orogeny until the opening of the Atlantic Ocean during the early to through middle 
Mesozoic (242 to 144 Ma).  The COL applicant described the rifting of Pangea in the early 
Triassic and the ultimate formation of the Eastern North American passive continental margin. 
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The COL applicant described the continental margin in terms of five types of crust including:  
Iapetan-extended crust; rifted continental crust; rift-stage or transitional crust; marginal oceanic 
crust and oceanic crust.  For the CCNPP site region, rifted-continental crust extends from the 
exposed rift basins to the west of CCNPP (such as the Danville, Scottsville, Culpeper, 
Gettysburg, and Newark basins) to buried basins to the east of CCNPP site approximately 
coincident with the seaward edge of the continental shelf. 

The COL applicant described vertical tectonic motion along the Atlantic continental margin in the 
Cenozoic as lithospheric flexure both parallel and perpendicular to the margin.  These flexures 
are observed as stratigraphic arches and embayments perpendicular to the coast line 
(e.g., South New Jersey and Norfolk Arches and Salisbury embayment) and as the basement 
(offshore) and the fall line hinge zones.  The fall line hinge marks the boundary between erosion 
of the Appalachian core and deposition onto the continental margin.  The COL applicant 
described the Salisbury Embayment as a broad center of deposition in the site region, 
coincident with the Chesapeake and Delaware Bays.  The COL applicant concluded that these 
features are not capable tectonic sources because there is no spatial association of seismicity 
with them and there are no publications suggesting causality between the flexural tectonic 
movement and potentially seismogenic structures. 

2.5.1.2.1.4.2 Tectonic Stress in the Mid-Continent Region 

In COL FSAR Section 2.5.1.1.4.2, the COL applicant stated that ambient tectonic stress in the 
CEUS region is characterized by northeast to southwest directed horizontal compression.  This 
is consistent with modeled stress trajectories from seafloor spreading at the Mid-Atlantic ridge 
and mantle flow beneath the continent.  Researchers also indicate mantle flow beneath the 
continent and shear and compressive stresses from the San Andreas fault and the Caribbean 
plate boundary also contribute to the stress framework for the CEUS.  The COL applicant 
reported research that indicates localized variations from the regional stress direction in some 
seismic zones in the CEUS.  Mazzotti et a.l (2010) report a 30 to 50 degree clockwise rotation of 
stress direction from the regional stress in 6 out of 10 seismic zones including the Central 
Virginia Seismic zone. 

2.5.1.2.1.4.3 Gravity and Magnetic Data and Features of the Site Region and Site Vicinity 

COL FSAR Section 2.5.1.1.4.3 describes the gravity and magnetic data and interpretation 
currently available and used for the CCNPP Unit 3 study.  The COL applicant concluded that the 
gravity and magnetic data do not reveal any new anomalies related to geologic structures not 
previously identified. 

2.5.1.2.1.4.4 Principal Tectonic Structures 

COL FSAR Section 2.5.1.1.4.4 describes specific tectonic features within the 320 km (200 mi) 
CCNPP region and any evidence for seismic activity associated with these structures.  The COL 
applicant divided the section into five categories based on age of formation or most recent 
reactivation.  These categories include:  Late Proterozoic (greater than 543 Ma), Paleozoic 
(543 to 248 Ma), Mesozoic (248 to 65 Ma), Tertiary (65 to 2.6 Ma) and Quaternary (since 
2.6 Ma).  Principle structures that formed during the major orogenic and rifting events are 
relevant to current seismic hazard in that they penetrate the seismogenic crust, they subdivide 
different crustal elements that may have contrasting seismogenic potential, and many are faults 
that have reactivated repeatedly through time. 

Late Proterozoic Tectonic Structures 
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The COL applicant discussed some major structures of Proterozoic (2,500 to 543 Ma) to 
Cambrian (543 to 490 Ma) age and the regional and extended crust of the Iapetan passive 
margin.  Iapetan rifts are deeply buried beneath Paleozoic thrust sheets and their characteristics 
are poorly known.  There is some spatial association of the Iapetan rift zones with the CEUS 
seismic zones:  Giles county and the Charlevoix, Quebec seismic zones. 

Paleozoic Tectonic Structures 

The COL applicant described major tectonic structures in the CCNPP site region that formed 
during the Paleozoic orogenies (Taconic, Acadian and Alleghanian) which include thrust sheets, 
shear zones and terrane sutures.  The majority of these structures dip eastward and ultimately 
merge into the low angle, basal Appalachian decollement at depths of approximately 8 km 
(5 mi).  Rocks below the decollemont form the North American basement complex (older than 
Paleozoic rock).  The COL applicant reported that seismicity in CEUS occurs beneath the 
decollement and is therefore not likely related to thrust sheets mapped at the surface.  The COL 
applicant described several faults of Paleozoic origin:  Little North Mountain fault, Yellow 
Breeches fault, Hylas shear zone, the Mountain Run-Pleasant Grove fault system, the 
Brookneal shear zone, and the Spotsylvania fault.  Portions of the Hylas shear zone, and the 
Mountain Run-Pleasant Grove fault system have likely been reactivated later during Mesozoic 
extension (discussed in COL FSAR Section 2.5.1.1.4.4.3) and possibly the Cenozoic (discussed 
in COL FSAR Section 2.5.1.1.4.4.4).  The COL applicant also described features buried 
beneath the Coastal Plain sediments interpreted through geophysical data and other indirect 
methods. 

Mesozoic Tectonic Structures 

COL FSAR Section 2.5.1.1.4.4.3 describes the origin and location of east coast Mesozoic rift 
basins that are located within 320 km (200 mi) of the CCNPP site.  The COL applicant explained 
that rift basins formed during the extension and thinning of the crust as Africa and North 
America rifted apart to form the modern Atlantic Ocean.  The basins typically are parallel to the 
surrounding structures of the Appalachian orogeny and possibly reflect reactivation of 
pre-existing Paleozoic structures.  The COL applicant stated that the basins indicate areas of 
extended crust and have been considered potential sources for earthquakes.  Within the 320 km 
(200 mi) CCNPP site region, rift basins with rift-bounding faults on the western margin include 
the exposed Danville, Richmond, Culpeper, Gettysburg, and Newark basins, and the buried 
Taylorsville, Norfolk, hypothesized Queen Anne and other smaller basins. 

Tertiary Tectonic Structures 

COL FSAR Section 2.5.1.1.4.4.4 describes faults and folds mapped within the 320 km (200 mi) 
region that displace Tertiary (65 to 1.8 Ma) Coastal Plain deposits.  The COL applicant identified 
these structures as the Stafford fault system, Brandywine fault system, National Zoo/Rock 
Creek faults, Port Royal fault zone, Skinkers Neck anticline, and the Hillville fault.  The COL 
applicant then described additional hypothesized Tertiary structures for which compelling 
geologic or geophysical evidence is lacking.  These structures include hypothesized east-facing 
monoclines along the western shore of Chesapeake Bay near the CCNPP site described by 
McCartan, et al. (1995), a hypothesized fault in the upper Chesapeake Bay mapped by 
Pazzaglia (1993), and structures interpreted in the Calvert Cliffs by Kidwell (Kidwell, 1997).  The 
features closest to the site include those described by McCarten, et al. (1995); Kidwell (1997); 
and the Hillville fault.  Each of these Tertiary tectonic structures is described in more detail 
below. 
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Stafford Fault 

COL FSAR Section 2.5.1.1.4.4.4.1 provides information about the Stafford Fault system, which 
is a series of northeast striking, en echelon faults that are found 76 km (47 mi) southwest of the 
CCNPP site and extend 67 km (42 mi) from one end to the other.  The COL applicant stated 
that detailed drilling, trenching, and mapping in the Fredericksburg region by Dames and Moore 
(1973) showed that the youngest identifiable fault movement on any of the four primary faults 
comprising the Stafford fault system is pre-middle Miocene (16.4 Ma) in age. 

The COL applicant described a recent analysis of the Stafford fault system for the application of 
the North Anna ESP to the NRC (Dominion, 2004a).  This study concluded that upland surfaces, 
capped by Neogene (23.7 to 1.8 Ma) marine deposits and fluvial terrace profiles of Pliocene (5.3 
to 1.8 Ma) and Quaternary (since 2.6 Ma) age, are not visibly deformed across the Stafford fault 
system (Dominion, 2004a), confirming the results of the earlier Dames and Moore (1973) study. 

Brandywine Fault System 

The COL applicant provided information about the Brandywine Fault System located about 
48 km (30 mi) west of the CCNPPsite and coincident with the western margin of the Taylorsville 
basin.  The fault system is based on seismic reflection profiles and borehole data.  The COL 
applicant explained that the fault system may be a reactivation of the rift basin border fault 
during late Eocene (37 to 34 Ma) and possibly middle Miocene time (14 to 12 Ma). 

National Zoo Faults 

The COL applicant described the National Zoo Faults, located within 76 km (47 mi) of the 
CCNPP site.  The faults are about 152 to 610 km (500 to 2,000 ft) long with up to 6 m (20 ft) of 
post-Cretaceous reverse displacement visible in outcrops.  The COL applicant stated that 
researchers interpret the faults initiating during the Early Mesozoic and reactivating during the 
Pliocene (5.3 to 1.8 Ma).  The National Zoo faults are coincident with the Rock Creek shear 
zone.  Recently, Southwood, et al. (2007) suggested that some discrete younger thrust faults of 
the Rock Creek shear zone, near the National Zoo, place crystalline rock against Tertiary and 
Quaternary sediments. 

Port Royal Fault Zone and Skinkers Neck Anticline 

The COL applicant described the Port Royal Fault Zone and Skinkers Neck anticline, structures 
that are located about 51 km (32 mi) west of the CCNPP site.  The fault and anticline are 
subsurface features identified through stratigraphic analysis and seismic reflection lines (not 
seen at the surface) and interpreted to be reactivated Paleozoic structures.  The overlying Late 
Miocene (11.2 to 5.3 Ma) Eastover formation is undeformed across both the Port Royal fault 
zone and Skinkers Neck anticline, indicating that these features are not currently active. 

Hillville Fault Zone 

The COL applicant stated that the Hillville Fault Zone (HVFZ) is a subsurface tectonic structure 
within 8 km (5 mi) of the CCNPP site.  The fault is a northeast striking reverse fault that is about 
42 km (26 mi) long.  Based on seismic reflection data, the fault zone offsets the 
basement-Coastal Plain unconformity by about 76 m (250 ft) and extends upwards into the 
Cretaceous Potomac Group (144 to 99 Ma).  Based on borehole data and stratigraphic 
correlation, the fault extends into younger, early Paleocene strata (65 to 55 Ma).  This suggests 
that movement on the fault occurred at least 55 Ma. 
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The COL applicant explained that based on their field and aerial reconnaissance, in conjunction 
with examination of aerial photos and Light Detection and Ranging (LiDAR) data, they found no 
geomorphic features that would indicate Quaternary (since 2.6 Ma) activity along the 
surface-projection of the HVFZ.  The COL applicant further explained that a review of the 
published literature, which included geologic cross-sections, surface mapping and detailed 
stratigraphic profiles along the Calvert Cliffs, reveals no geologic expression of the fault where it 
would project to the surface, cross river flood plain/terraces, or intersect the Calvert Cliffs.  The 
COL applicant stated that no expression of the fault was found in Miocene-aged deposits (24 to 
5.3 Ma) and concluded that the HVFZ is not a capable tectonic source. 

Unnamed Fault beneath Northern Chesapeake Bay 

The COL applicant described a hypothesized, unnamed fault, as proposed by Pazzaglia (1993), 
striking through the northern portion of the Chesapeake Bay approximately 113 km (70 mi) north 
of the CCNPP site.  The interpretation is based on stratigraphic and geomorphic analyses, 
including a trench investigation of areas on the east and west sides of the bay.  Pazzaglia 
measured Pleistocene-aged (1.8 Ma to present) gravels about 8 m (26 ft) higher on the east 
side of bay from the gravels on the west side of the bay.  Pazzaglia's interpretation states that 
the fault strikes northeast and is about 23 km (14 mi) long and exhibits a southeast-side up 
sense of displacement. 

The COL applicant argued that there is no direct observation or supporting evidence for the 
existence of a fault in this location.  The COL applicant stated that they did not observe the fault 
on land and that they looked for and found no geomorphic features indicative of Quaternary 
activity along the surface projection of the unnamed fault.  The COL applicant concluded that 
the fault is not a capable tectonic source because (1) there is no associated seismicity with the 
fault zone, and (2) there are no geomorphic features to indicate Quaternary activity along the 
lateral projection of the fault. 

Unnamed Monocline beneath Chesapeake Bay 

The COL applicant explained that the Unnamed Monocline beneath the Chesapeake Bay, as 
proposed by McCarten, et al. (1995), is a set of 3 monoclines within 2.9 to 16 km (1.8 to 10 mi) 
of CCNPP that bend subsurface Lower Paleocene (65 to 54.8 Ma) to Upper Miocene (11.2 to 
5.3 Ma) strata.  The implication is that there might be a buried fault associated with the folds.  
McCarten, et al. (1995) based their interpretation on topographic patterns, geomorphology, 
stratigraphy (cross-sections) and geologic mapping. 

The COL applicant argued that borehole data used by McCarten, et al. (1995) to interpret the 
monoclines, is widely spaced 29 to 34 km (18 to 21 mi apart) and the evidence does not require 
the interpretation of a monocline.  The COL applicant stated that the borehole data might also 
be interpreted as flat lying strata, gently dipping east.  McCarten, et al. (1995) did not provide 
data that would require a fault or a monocline, nor is there any geophysical data available to 
prove the existence of these features.  Seismic reflection profiles within the Chesapeak Bay, 
completed by other researchers, show no folding or warping in reflectors near the interpreted 
monoclines.  The COL applicant stated that field and aerial reconnaissance, coupled with 
interpretation of aerial photography and LiDAR data, show no geomorphic features indicative of 
folding along the western shores of the Chesapeake Bay. 

Unnamed Folds and Postulated Fault within Calvert Cliffs 
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The COL applicant explained that Kidwell (1988 and 1997) proposed some monoclinal folds and 
a postulated fault within the Calvert Cliffs, on the western shore of Chesapeake Bay, just south 
of CCNPP site in Calvert County.  Kidwell measured more than 300 detailed stratigraphic 
profiles along the Calvert Cliffs and determined that the undulations in otherwise flat lying, to 
gently dipping (southeast) strata of the Choptank Formation are monoclines and asymmetrical 
anticlines and possibly a fault. 

The COL applicant explained that the Calvert Cliffs expose Miocene (including Choptank 
Formation) through Quaternary deposits in an almost continuous transect of 40 km (25 mi).  
Because the orientation of the cliff face trends north-south, potential northeast striking structures 
(such as fault planes or fold axes) would intersect the cliff face and be exposed.  The COL 
applicant argued that Kidwell's interpreted folds more likely represent undulating, irregular 
erosional contacts within the Choptank Formation.  The COL applicant stated that Kidwell 
inferred the presence of a fault near Moran Landing, 1.9 km (1.2 mi) south of the CCNPP site, in 
a 1 to 3.6 m (3 to 12 ft) elevation change in Pliocene (possibly Quaternary) strata between the 
north and south sides of a fluvial valley that intersects the cliff face.  The COL applicant stated 
that based on its investigations for the CCNPP COL there are no geomorphic features indicative 
of folding along the western shores of the Chesapeake Bay in the well exposed cliff faces.  The 
COL applicant concluded that the McCartan (1995) folds and inferred fault, if present, do not 
deform Pliocene to Quaternary deposits. 

Quaternary Tectonic Structures 

In COL FSAR Section 2.5.1.1.4.4.5, the COL applicant described Quaternary (since 2.6 Ma) 
faults, liquefaction features, and other possible tectonic features in the site region (shown 
in Figure 2.5.1-2 of this report).  Crone and Wheeler (2000) and Wheeler (2005) classified 
potential tectonic features according to four categories based on strength of the evidence for 
Quaternary age faulting and related deformation features.  The classification scheme of Crone 
and Wheeler (2000) and Wheeler (2005) is based on an evaluation of information currently 
available in the published literature, and not on direct examination of the actual geologic 
features. 

• Class A features are those where geologic evidence demonstrates the existence of a 
Quaternary fault of tectonic origin, whether the fault is exposed and mapped, or inferred 
from concentrated seismic activity, liquefaction, or from other deformational features. 

• Class B features are those that demonstrate the existence of a fault or Quaternary 
deformation, based on geologic evidence.  Additionally, the fault might not extend deeply 
enough to be a potential source of significant earthquakes, or the currently available 
geologic evidence is not strong enough to assign it to Class A. 

• Class C features are those where geologic evidence is insufficient to demonstrate:  
existence of a tectonic fault, evidence for Quaternary slip or deformation. 

• Class D features are those where geologic evidence cannot demonstrate that the feature 
is tectonic. 

Within the 320 km (200 mi) radius of the CCNPP site there are 17 potential Quaternary tectonic 
features based on the Crone and Wheeler compilations.  The COL applicant pointed out that 
only one feature within the 320 km (200 mi) radius of the CCNPP site was identified as a Class 
A feature from the Crone and Wheeler (2000) compilation.  That feature is the set of 
paleoliquefaction features within the Central Virginia seismic zone (CVSZ).  The COL applicant 
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stated that its work, performed as part of the CCNPP Unit 3 investigation, did not identify any 
additional potential Quaternary tectonic features within the CCNPP site region.  The COL 
applicant's work included published literature review, interviews with subject matter experts, and 
site vicinity geologic reconnaissance.  A brief description of each of these Quaternary features is 
provided below. 

Fall Lines of Weems (1998) (Class C) 

COL FSAR Section 2.5.1.1.4.4.5.1 describes seven Fall Lines of Quaternary age and 
neotectonic origin as proposed by Weems (1998).  Weems defined seven fall lines across the 
Piedmont and Blue Ridge of North Carolina and Virginia, with the easternmost one about 76 km 
(47 mi) west of the CCNPP site.  Weems concludes that the features are neotectonic and 
Quaternary-aged.  The COL applicant cited the analysis performed previously for the North 
Anna ESP application (Dominion, 2004): that these fall lines are most likely due to differential 
erosion of resistant and non-resistant rock across geologic boundaries.  The COL applicant 
added that there is no geomorphic expression of recent tectonism, such as the presence of 
escarpments, along the trend lines, between the drainages. 

Everona-Mountain Run Fault Zone (Class C) 

COL FSAR Section 2.5.1.1.4.4.5.2 describes the Everona-Mountain Run fault zone that is 
located in the western Piedmont of Virginia, about 114 km (71 mi) southwest of the CCNPP site.  
The fault is associated with the eastern margin of the Culpepper rift basin.  Pavlides (2000) 
concluded that the fault movement was limited to pre-Early Jurassic because early Jurassic 
diabase dikes are undeformed across the fault.  Other researchers have suggested more recent 
movement because of distinct, bedrock scarps along the fault trace and the evidence of offset 
on Tertiary or even Quaternary gravel deposits on the associated Everona fault (Pavlides 2000, 
1983; Crone and Wheeler, 2000).  The COL applicant stated that the investigation completed for 
the North Anna ESP (Dominion, 2004a) resolves this issue with field data.  Dominion (2004a) 
demonstrated that the topographic scarp adjacent to the fault developed from streams that 
preferentially undercut the valley walls, creating asymmetric valley profiles.  This means that the 
scarp is not associated with recent movement on the fault.  The North Anna ESP describes 
underformed, late Neogene (2.6 Ma) colluvial deposits overlying the Mountain Run fault zone in 
the region between the Rappahannock and Rapidan Rivers, thus demonstrating the absence of 
Quaternary fault activity. 

Ramapo Fault System (Class C) 

COL FSAR Section 2.5.1.1.4.4.5.4 describes the Ramapo fault system located about 209 km 
(130 mi) north to northeast of the CCNPP site.  The Ramapo fault system is a set of northeast 
striking, normal faults that dip southeast and bound the northwest side of the Newark Basin 
(Mesozoic rift basin).  The Ramapo fault proper extends for 80 km (50 mi) from Peakpack, NJ to 
the Hudson River.  The largest historical earthquake in the surrounding area is an mb 4.3 event 
that occurred October 30, 1783 (Sykes et al., 2008), however, the location of the event is highly 
uncertain.  Both Kafka, et al. (1985) and Sykes, et al., (2008) compiled an earthquake catalog 
for the area and concluded that all activity was less than mb 3.0. 

The COL applicant stated that some scientists observed a spatial association of earthquakes 
with the fault and concluded that the fault system was potentially capable of generating 
earthquakes (Aggerwal and Sykes, 1978; Page et al., 1968).  Aggerwal and Sykes (1978) 
analyzed 33 earthquake focal mechanisms and stated that the seismicity indicates high-angle 
thrust faulting along approximately northeast trending faults and imply a northwest maximum 
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compressive stress direction.  The COL applicant stated that Aggerwal and Sykes also 
concluded that earthquake hypocenters within 10 km (6.2 mi) of the fault's surface trace align 
with the interpreted dip (~60˚) of the Ramapo fault. 

The COL applicant stated that later research suggests that the fault system is probably not 
seismically active (Kafka et al., 1985; Kafka and Miller, 1996; Quittmeyer et al., 1985; 
Seborowski et al., 1982; Thurber and Caruso, 1985; Sykes et al., 2008).  Re-evaluated 
earthquake locations and earthquake sequences indicate earthquakes are not on the Ramapo 
fault system and focal mechanisms indicate thrust movement on northwest trending structures 
(northeast maximum compressive stress direction).  The COL applicant explained that several 
more recent investigations, using a revised and extended earthquake catalog in conjunction with 
geologic evidence, concluded that the earthquakes are located in a widely distributed area.  
Some of the earthquakes are near the fault but many others are away from the fault and outside 
the basin area.  The COL applicant cited studies of trenches excavated across the up-dip 
projection of the fault zone that revealed no evidence for Quaternary faulting.  The COL 
applicant also described a recent report that compiled a seismicity catalog of 383 earthquakes 
from 1622 through 2007(Sykes et al., 2008).  These authors stated that those earthquakes 
captured since 1974 are the best located because of a robust seismograph network and define 
a zone of concentrated seismicity extending 12 km (7.5 mi) west, away from the Ramapo fault 
and the Newark.  From analyzing cross sections of the earthquakes, the authors conclude that 
the earthquakes within this zone occur within the highly deformed middle Proterozoic to early 
Paleozoic rocks to the east of the Mesozoic Newark basin and not the Ramapo fault proper. 

Kingston Fault (Class C) 

The COL applicant described the Kingston fault located about 282 km (175 mi) northeast of the 
CCNPP site, as a 11.2 km (7 mi) long subsurface feature, that possibly offsets Mesozoic 
basement rock with overlying, undeformed Coastal Plain sediments.  The COL applicant 
concluded that Pleistocene glacio-fluvial gravels that overlie the fault are not offset, thus 
constraining fault activity to be prior to Pleistocene. 

New York Bight Fault (Class C) 

The COL applicant described the New York Bight fault, located offshore Long Island, NY, and 
about 335 km (208 mi) northeast of the CCNPP site as about 49.9 km (31 mi) long with a 
northeast strike.  The COL applicant explained that researchers interpret the seismic reflection 
data over the surface projection of the fault and conclude that middle and late Quaternary 
sediments are undeformed. 

Cacoosing Valley Earthquake Sequence (Class C) 

The COL applicant described the Cacoosing Valley earthquake sequence located 217 km 
(135 mi) north of the CCNPP site.  From 1993 to 1997 a series of earthquakes occurred along 
the eastern margin of the Lancaster seismic zone.  The COL applicant explained that the main 
shock took place near Reading, PA on January 1, 1994, with a body-wave magnitude of 
4.6 (mbLg 4.6) and the focal mechanism indicated a shallow rupture plane in the upper 2.4 km 
(1.5 mi) of crust.  Seeber (1998) demonstrated that the earthquakes are man-induced changes 
to a large rock quarry. 

New Castle County Faults (Class C) 
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The COL applicant described the New Castle faults located about 156 km (97 mi) northeast of 
the CCNPP site as a subsurface set of faults that are 4.8 to 6.4 km (3 to 4 mi) long that displace 
the basement/Cretaceous contact.  The COL applicant stated that the evidence indicates no 
Quaternary faulting on the New Castle faults based on newly acquired high resolution seismic 
reflection, borehole data, and trenching (McLaughlin, 2002). 

Upper Marlboro Faults (Class C) 

The COL applicant described three faults identified in a single road cut exposure that displaced 
Miocene, Eocene and Pleistocene strata as the Upper Marlboro faults.  These faults are located 
about 58 km (36 mi) northwest of the CCNPP site.  While the exposure is no longer available, 
the COL applicant looked for and found no geomorphic expression during field reconnaissance.  
Wheeler (2006) re-interprets the faults as related to surficial landsliding because of the very low 
dips and concavity of the fault planes.  Crone and Wheeler (2000) and Wheeler (2006) classify 
this feature as Class C based on lack of evidence for Quaternary faulting. 

Lebanon Church Fault (Class C) 

The COL applicant described the Lebanon Church fault located about 192 km (119 mi) 
southwest of the CCNPP site.  Prowell (1983) interpreted a reverse fault in Mio-Pliocene terrace 
gravel with about 1.5 m (5 ft) of offset.  The fault is located in a single exposure.  The COL 
applicant found no new additional geologic information on this feature based on inquiries to the 
Virginia Geological Survey and the USGS. 

Hopewell Fault (Class C) 

The COL applicant described the Hopewell fault, located 143 km (89 mi) southwest of the 
CCNPP site as a north striking, east dipping reverse fault extending for 48 km (30 mi) and 
displacing a Paleocene/Cretaceous contact (65.5 Ma) and perhaps offsetting the Pliocene 
Yorktown Formation (5.3  to 2.6 Ma).  The COL applicant explained that Wheeler (2006) 
assigned the feature to Class C because there is no evidence available to indicate Quaternary 
activity.  Based on Wheeler (2006), an absence of published literature documenting Quaternary 
faulting, and an absence of seismicity spatially associated with the feature, the COL applicant 
concluded that the Hopewell fault is not a capable tectonic source. 

Old Hickory Faults (Class C) 

The COL applicant described the Old Hickory faults 185 km (115 mi) south-southwest of the 
CCNPP site, in southeast Virginia, near the fall line.  The COL applicant stated that there is no 
stratigraphic or geomorphic evidence for Quaternary or Holocene activity. 

Stanleytown-Villa Heights Faults (Class C) 

The COL applicant described the Stanleytown-Villa Heights faults located 359 km (223 mi) 
southwest of the CCNPP site.  The faults are about 201 m (660 ft) long and emplace 
Quaternary alluvium against Cambrian rock.  The COL applicant stated that the faults are likely 
the result of landslide events. 

East Coast Fault System (Class C) 

COL FSAR Section 2.5.1.1.4.4.5.14 describes the postulated East Coast Fault System (ECFS) 
located 113 km (70 mi) southwest of the CCNPPsite.  The COL applicant stated that the whole 
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system trends N35˚E for about 595 km (370 mi) from Charleston, SC to the James River in 
Virginia in 3 segments, identified as southern, central and northern.  The postulated fault system 
is based on alignment of geomorphic features along Coastal Plain rivers that suggest zones of 
uplift or faulting (Marple and Talwani, 2000). 

The COL applicant explained that the southern segment, located near Charleston, SC is 
geomorphically the best defined segment of the three and is, at its southern end, associated 
with micro seismicity and the Woodstock fault.  The COL applicant stated that the southern 
segment was included, as an alternative geometry to the areal source for the 1886 Charleston 
earthquake, in the USGS 2002 National Seismic Hazard Mapping Project.  The northern 
segment, buried beneath Coastal Plain deposits, extends from northeastern North Carolina to 
southeastern Virginia, about 113 km (70 mi) southwest of the CCNPP site.  Wheeler (2005) 
designated the northern segment of the ECFS as a Class C feature because there is little 
evidence supporting Quaternary tectonism.  The COL applicant stated that recent geologic and 
geomorphic analysis of stream profiles across sections of the ECFS, as well as critical 
re-evaluation of the Marple and Talwani (2000) interpretation for the North Anna ESP, indicates 
that the northern segment of the ECFS, which lies nearest to the CCNPP site, has a very low 
probability of existence (Dominion, 2004b). 

Central Virginia Seismic Zone (Class A) 

The COL applicant described the Central Virginia Seismic Zone (CVSZ) as an area of 
persistent, low level seismicity in the Piedmont Province of Virginia located 75 to 99 km 
(47 to 62 mi) southwest of the CCNPP site (shown in Figure 2.5.1-3 of this report).  The COL 
applicant reported that the 2011 5.8 moment magnitude earthquake near Mineral, VA occurred 
in the CVSZ at a depth of 6 km (3 mi).  Focal plane solutions indicate a reverse fault movement 
on a plane striking northeast, and dipping 50 degrees to the southeast.  Other significant 
historical earthquakes to occur in the seismic zone include the December 23, 1875, body-wave 
magnitude (mb) 5.0 Goochland County event (Bollinger G. and Sibol, M., 1985) and a mb 4.5 
earthquake on December 9, 2003 (Kim and Chapman, 2005).  The depth distribution of the 
earth quakes in the CVSZ range from 3 to 13 km (2 to 8 mi) (Wheeler and Johnston, 1992).  
The COL applicant stated that additional discussion of the 2011 Mineral, VA earthquake and its 
implication for the CEUS SSC seismic sources in the CCNPP site region is provided in COL 
FSAR Section 2.5.2.1.2. 

The COL applicant explained that Crone and Wheeler (2000) and Wheeler (2006) assigned a 
Class A distinction because of two paleoliquefaction sites in the CVSZ.  Obermeier and 
McNulty, 1998 identified two paleoliquefaction sites within the seismic zone, on the James and 
Rivanna Rivers.  Paleoliquefaction reflects pre-historical occurrences of seismicity in the CVSZ 
but does not specify a particular seismogenic fault.  Based on the absence of widespread 
paleoliquefaction, Obermeier and McNulty (1998) concluded that an earthquake of magnitude 7 
or larger has not occurred within the seismic zone in the last 2,000 to 3,000 years.  The COL 
applicant reported that some liquefaction was found in association with the 2011 earthquake, in 
the epicentral area, by two independent groups (Green and Lasley, 2012; GREER, 2011). 

The COL applicant stated that recent publications suggest some faults in the Chopawamsic 
terrane might be responsible for the 2011 Mineral VA earthquake.  Spears (2012) argued that 
the Long Branch fault (LBF) might have contributed to recent seismicity and Harrison, et al. 
(2011) suggested that the earthquake occurred on the LBF at its intersection with Mesozoic 
structures.  The COL applicant stated that no definitive causal relationship can be established 
between any specific fault and seismicity in the CVSZ. 
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Lancaster Seismic Zone (Class C) 

COL FSAR Section 2.5.1.1.4.5.2 describes the Lancaster seismic zone (LSZ) (Armbruster and 
Seeber 1987), located about 179 km (111 mi) northwest of the CCNPP site (Figure 2.5.1-3 of 
this report).  The COL applicant stated that the LSZ has a long history of seismicity and covers 
an area about 129 km (80 mi) square.  The LSZ extends through exposed Piedmont rock with 
Paleozoic thrust faults and through the Newark-Gettysburg Triassic basins that include 
extensional faults associated with Mesozoic rifting.  Epicenters of 11 earthquakes with 
magnitudes from about 3 to 4 from 1889 to 1994 form the western part of the LSZ and define a 
north-south trend that intersects the narrow neck between the Gettysburg and Newark basins.  
These are the best located earthquakes in the LSZ.  The COL applicant stated that that the 
seismicity in the western part of the Lancaster seismic zone is likely due to present-day 
northeast-southwest compressional stress which is activating Mesozoic fractures (Armbruster 
and Seeber, 1987).  The COL applicant also explained that the 1994 Cacoosing earthquake 
sequence is likely associated with surface mining.  The shallow earthquakes initiated after a 
shut-down quarry filled with water. 

2.5.1.2.2 Site Area Geologic Description 

2.5.1.2.2.1 Site Area Physiography and Geomorphology 

COL FSAR Section 2.5.1.2.1 describes the CCNPP site within the Western Shore Uplands of 
the Atlantic Coastal Plain Physiographic Province, bordered by the Chesapeake Bay to the east 
and the Patuxent River to the west.  The Chesapeake Bay shoreline forms the eastern 
boundary of the CCNPP site and generally consists of steep cliffs about 30 m (100 ft) high with 
narrow beach at the base.  The COL applicant stated that shoreline processes and slope failure 
along the Chesapeake Bay are discussed in COL FSAR Section 2.4.9.  The COL applicant has 
stabilized approximately 762 m (2,500 ft) of shoreline against erosion, from the existing intake 
structure southward to the barge jetty.  The COL applicant stated that CCNPP Unit 3 will be set 
back approximately 305 m (1,000 ft) from the shoreline. 

2.5.1.2.2.2 Site Area Geologic History 

COL FSAR Section 2.5.1.2.2 describes the geologic history within the 8 km (5 mi) site area.  
The COL applicant explained that basement rock, 792 m (2,600 ft) beneath the site may consist 
of exotic Precambrian and Paleozoic crystalline magmatic arc material.  Tectonic models 
suggest that the exotic magmatic arc material accreted to the North American margin during the 
Paleozoic along a suture that lies about 16 km (10 mi) west of the CCNPP site.  Starting in the 
Mesozoic, the supercontinent Pangea (including North America) rifted apart.  Eastern North 
American rift basins are remnants of that rifting event.  The COL applicant stated that Mesozoic 
rift basins are exposed in the Piedmont physiographic province and many are buried beneath 
Coastal Plain sediments in the vicinity of the CCNPP site. 

During the early Cretaceous, clastic material from eroded continental rock, such as the 
Piedmont to the west, was deposited on crystalline basement in alluvial fan, deltaic or estuarine 
environments of deposition.  During the upper Cretaceous, Coastal Plain sediments were 
uplifted and continental deposition ended.  Early Paleocene (~65 to 61 Ma) marks the beginning 
of several marine transgressions/regressions in the Salisbury embayment. 
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The end of the Pleistocene corresponds to the end of the Wisconsin glacial stage and the onset 
of sea level rise.  The sea reached the mouth of the Chesapeake Bay 10,000 years ago.  The 
Chesapeake Bay achieved its present configuration about 3000 years ago. 

2.5.1.2.2.3 Site Area Stratigraphy 

COL FSAR Section 2.5.1.2.3 describes the site area stratigraphy underlying the CCNPP site.  
The COL applicant explained that the CCNPP site is located on Coastal Plain sediments 
ranging in age from the Lower Cretaceous (145 to 99 Ma) to the present. 

2.5.1.2.2.3.1 Cretaceous Formations 

COL FSAR Sections 2.5.1.2.3.1 and 2.5.1.2.3.2 describe the lower and upper Cretaceous 
Coastal Plain formations at the CCNPP site.  These include the Potomac Group followed by the 
Magothy, Monmouth and Matawan Formations.  The Lower Cretaceous is a sequence of 
interbedded sand and fined-grained sand to silty-clay layers.  The sediments are continental in 
origin and form several unconformable contacts with each other.  The Upper Cretaceous is a 
sequence of pebbly, medium- to coarse-grained sand, with clayey portions in the upper part of 
the section. 

2.5.1.2.2.3.2 Tertiary Formations 

The COL applicant described several Tertiary formations that all together are about 204.2 m 
(670 ft) thick at the CCNPP site.  The lower part represents marine deposits, the upper part 
represents fluvial deposits, and contacts between many of the formations are gradational and of 
similar lithology.  The COL applicant explained that several layers in the upper part are distinct 
marker horizons, useful for correlation of relative positions within the upper formations.  
Because of this, the COL applicant was able to demonstrate the absence of faulted or deformed 
layers in the shallow and youngest parts of the Coastal Plain section at the CCNPP site. 

2.5.1.2.2.3.3 Quarternary Formations 

COL FSAR Section 2.5.1.2.3.4 describes the Pleistocene lowland deposits.  The deposits are 
fluvial to estuarine sediments typically found along the Patuxent and Potomac River valleys and 
the Chesapeake Bay.  The COL applicant explained that terrace deposits in the CCNPP site 
area are approximately 15 m (50 ft) thick and Pliocene (5.3 to 2.6 Ma) to Holocene (younger 
than 10 ka) age.  Floodplain and loose beach sand deposits are considered Holocene. 

2.5.1.2.2.4 Site Area Structural Geology 

COL FSAR Section 2.5.1.2.4 describes the local structural geology of the CCNPP site.  The 
COL applicant summarized published geologic mapping, aeromagnetic and gravity surveys, 
detailed lithostratigraphic profiles along the Calvert Cliffs, and the results of earlier investigations 
performed at the CCNPP site (Baltimore Gas and Electric, 1968) (CEG, 2005).  The COL 
applicant also described its site reconnaissance and subsurface exploration performed for the 
CCNPP Unit 3 study.  The COL applicant discussed these structures in more detail and in a 
more regional context in COL FSAR Section 2.5.1.1.4.4.4. 

The Coastal Plain stratigraphy at the CCNPP site area consists of nearly flat-lying Cenozoic 
Coastal Plain sediments that have accumulated within the west-central part of the Salisbury 
Embayment.  Local geologic cross sections of the CCNPP site area depict unfaulted, southeast 
dipping Eocene-Miocene Coastal Plain sediments in an unconformable contact with overlying 
Pliocene Upland deposits. 
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On the basis of literature review, and aerial and field reconnaissance, the only potential 
structural features at and within the 40 km (25 mi) CCNPP site vicinity consist of: 

• a hypothetical buried northeast-trending fault (Hansen, 1986) 

• two inferred east-facing monoclines developed within Mesozoic and Tertiary deposits 
along the western shore of Chesapeake Bay (McCartan, 1995) 

• multiple subtle folds or inflections in Miocene strata and a postulated fault directly south 
of the site (Kidwell, 1997) 

The COL applicant concluded that, based on regional and site geologic and geomorphic data, 
there are no known faults within the CCNPP site area, with the exception of the poorly 
constrained, subsurface Hillville fault that lies along the northwestern, 5 mi (8 km) perimeter of 
the site (Hansen, 1986). 

2.5.1.2.2.5 Site Area Geologic Hazard Evaluation 

The COL applicant concluded that there are no geologic hazards identified within the CCNPP 
site.  Specifically, no lithologic units at the CCNPP site are subject to dissolution; and no 
deformation zones were identified in the exploration or excavation for CCNPP Units 1, 2, and 3.  
The COL applicant also stated that it is unlikely that shoreline erosion or flooding will impact the 
CCNPP site. 

2.5.1.2.2.6 Site Engineering Geology Evaluation 

COL FSAR Section 2.5.1.2.6 discusses the COL applicant's evaluation of the site engineering 
geology at the CCNPP site.  The COL applicant referred to COL FSAR Section 2.5.4 for 
discussion of engineering soil properties and the behavior of foundation materials.  The COL 
applicant concluded that there are no unusual weathering profiles; therefore, no dissolution is 
expected to affect foundations.  The applicant also stated that it encountered no deformation 
zones in the excavation of CCNPP Units 1 and 2.  The COL applicant stated that it will map the 
excavation for CCNPP Unit 3 and any deformational zones will be evaluated for their rupture 
and ground motion generating potential.  The COL applicant concluded that there are no 
capable tectonic sources in the CCNPP site region. 

2.5.1.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the Final 
Safety Evaluation Report (FSER) related to the U.S. EPR FSAR. 

In addition, the applicable regulatory requirements for geologic and seismic information are as 
follows: 

• 10 CFR 52.79(a)(1)(iii), "Contents of applications; technical information in the final safety 
analysis report," as it relates to identifying geologic site characteristics with appropriate 
consideration of the most severe of the natural phenomena that have been historically 
reported for the site and surrounding area and with sufficient margin for the limited 
accuracy, quantity and period of time in which the historical data have been 
accumulated. 
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• 10 CFR Part 100, Section 100.23, "Geologic and Seismic Siting Criteria," as it relates to 
evaluating suitability of a proposed site based on consideration of geologic, 
geotechnical, geophysical, and seismic characteristics of the proposed site.  Geologic 
and seismic siting factors must include the Safe Shutdown Earthquake (SSE) for the 
site; and the potential for surface tectonic and non tectonic deformation.  The 
site-specific GMRS satisfies requirements of 10 CFR 100.23 with respect to the 
development of the SSE. 

In addition, the acceptance criteria associated with the relevant requirements of NRC 
regulations for basic geologic and seismic information are given in NUREG-0800, Section 2.5.1, 
are as follows: 

• Regional Geology:  In meeting requirements of 10 CFR 52.79 and 10 CFR 100.23, COL 
FSAR Section 2.5.1.1 will be considered acceptable if a complete and documented 
discussion is presented for all geologic (including tectonic and nontectonic), 
geotechnical, seismic, and geophysical characteristics, as well as conditions caused by 
human activities, deemed important for safe siting and design of the plant. 

• Site Geology:  In meeting requirements of 10 CFR 52.79 and 10 CFR 100.23, and 
regulatory positions presented in RG 1.208, RG 1.206, and RG 4.7, COL FSAR 
Section 2.5.1.2 will be considered acceptable if it contains a description and evaluation 
of geologic (including tectonic and non tectonic) features, geotechnical characteristics, 
seismic conditions, and conditions caused by human activities at appropriate levels of 
detail within areas defined by circles drawn around the site using radii of 40 km (25 mi) 
for site vicinity, 8 km (5 mi) for site area, and 1 km (0.6 mi) for site location. 

In addition, the geologic characteristics should be consistent with appropriate sections from; 
RG 1.208, "A Performance-Based Approach to Define Site-Specific Earthquake Ground 
Motion"; and RG 1.206, "Combined License Applications for Nuclear Power Plants - LWR 
Edition." 

2.5.1.4 Technical Evaluation  

The staff reviewed COL FSAR Section 2.5.1 and checked the referenced design certification 
FSAR to ensure that the combination of the information in the U.S. EPR FSAR and the 
information in the COL FSAR represents the complete scope of information related to this 
review topic.  The staff' confirmed that the information contained in the COLA and incorporated 
by reference addresses the required information relating to the basic geologic and seismic 
information.  U.S. EPR FSAR, Tier 2, Section 2.5.1 is being reviewed by the staff under Docket 
Number 52-020.  The staff's technical evaluation of the information incorporated by reference 
related to the basic geologic and seismic information will be documented in the staff safety 
evaluation report on the design certification application for the U.S. EPR. 

The staff reviewed the following information contained in the COL FSAR: 

U.S. EPR COL Information Item 

• CCNPP COL Information Item 2.5 1 

COL Information Item 2.5.1 in U.S. EPR FSAR Tier 2, Table 1.8-2 states:  
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A COL applicant that references the U.S. EPR design certification will use 
site-specific information to investigate and provide data concerning geological, 
seismic, geophysical, and geotechnical information. 

The staff reviewed the resolution to COL Information Item 2.5 1 that addresses the provision of 
regional and site-specific geologic, seismic, and geophysical information, as well as conditions 
caused by human activities included under COL FSAR Section 2.5.1.  Additional aspects of this 
information item are addressed in Sections 2.5.2 and 2.5.4 of this report.  Based on the COL 
applicant's regional and site geologic descriptions in COL FSAR Section 2.5.1, the staff 
concludes that the COL applicant provided adequate information to satisfy COL Information 
Item 2.5 1. 

The technical information presented in COL FSAR Section 2.5.1 resulted from the COL 
applicant's surface and subsurface geologic, seismic, and geotechnical investigations, which 
were undertaken at increasing levels of detail moving closer to the site.  Through its review of 
COL FSAR Section 2.5.1, the staff determined whether the COL applicant had complied with 
the applicable NRC regulations and conducted its investigations at the appropriate levels of 
detail within the 320-km (200-mi) radius site region, 40-km (25-mi) site vicinity, 8-km (5-mi) 
radius site area, and 1-km (0.6-mi) site, as designated in RG 1.208. 

COL FSAR Section 2.5.1 contains geologic and seismic information presented in support of the 
vibratory ground motion analysis and the site GMRS provided in COL FSAR Section 2.5.2 as 
well as the determination for potential future tectonic and non-tectonic deformation in COL 
FSAR 2.5.3.  RG 1.208 recommends that COL applicants update the geologic, seismic, and 
geophysical database and evaluate any new data to determine whether revisions to the existing 
seismic source models are necessary. 

The staff visited the CCNPP site in February 2009, supported by technical experts from the 
U.S.Geological Survey (USGS), and intereacted with the COL applicant and its consultants in 
regard to the geologic, seismic, geophysical, and geotechnical investigations conducted for the 
CCNPP Unit 3 COLA.  The staff, with its USGS contractors visited the CCNPP site to discuss 
interpretations, assumptions, and conclusions presented by the COL applicant related to 
potential geologic and seismic hazards. 

The staff's evaluation of information presented by the COL applicant in COL FSAR 
Section 2.5.1 and of the COL applicant's responses to RAIs is presented below. 

2.5.1.4.1 Regional Geology 

The staff directed its review of COL FSAR Section 2.5.1.1 on the COL applicant's description of 
the regional physiography, geomorphology, geologic history, stratigraphy and tectonic history, 
within the 320 km (200 mi) radius site region around the CCNPP site, especially the structures, 
stratigraphic relationships, and tectonic interpretations that developed during the geologically 
young, Cenozoic era (65 Ma) particularly the Quaternary period (since 2.6 Ma).  The following 
sections of this report present the staff's evaluation of the information provided in both COL 
FSAR Section 2.5.1.1 and in the COL applicant's responses to RAIs. 

2.5.1.4.1.1 Regional Physiography and Topography 

The COL applicant described the five physiographic provinces found within the CCNPP site 
region, focusing on the Coastal Plain province in which the CCNPP site is located.  The staff 
reviewed COL FSAR Section 2.5.1.1.1 and did not issue and RAIs for this section.  The staff 
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concludes that the COL applicant provided  an appropriate description of the physiographic and 
topographic features within the CCNPP site region in accordance with the guidance of RG 1.208 
and the requirements of 10 CFR 52.79 and 10 CFR 100.23. 

2.5.1.4.1.2 Regional Geologic History and Stratigraphy 

COL FSAR Sections 2.5.1.1.2 and 2.5.1.1.3 describe the geologic history and stratigraphy 
within the CCNPP site region in terms of mountain building episodes and continental rifting 
periods.  The COL applicant presented this information within in the context of 
tectono-stratigraphic terranes or provinces.  Each terrane is characterized by distinct geologic 
characteristics (including faults), and an independent history or evolution and geographic 
location with respect to other terranes and the site. 

The staff focused its review on the Piedmont and Coastal Plain provinces and the most recent 
geologic processes within these provinces as they are the most likely to impact the seismic 
hazard characterization for the CCNPP site.  The staff reviewed several source papers covering 
Coastal Plain stratigraphy, regional geologic mapping and fault analysis (Kidwell, 1997; 
Pazzaglia and Gardner, 1993; Pazzaglia, 1993; Pazzaglia et al., 2006; Newell et al., 2004; 
Crone and Wheeler, 2000; Wheeler, 2005; Obermeier et al., 1998; McCarten et al., 1995; 
Gernant, 1970; Jacobeen, 1972).  Based on its review of COL FSAR Section 2.5.1.1.2 and an 
independent review of the literature referenced above, the staff concludes that the COL 
applicant provided a thorough description of the regional geologic history, including the range of 
tectonic processes and structures and stratigraphic relationships within the CCNPP site region 
in support of the COLA following the guidance of RG 1.208 and in accordance with the 
requirements of 10 CFR 52.79 and 10 CFR 100.23. 

2.5.1.4.1.3 Regional Tectonic Setting 

COL FSAR Section 2.5.1.1.4 describes the regional tectonic setting within the 320-km (200-mi) 
radius of the CCNPP site region.  In the following sections, the staff describes and evaluates 
results of investigations for Quaternary tectonic features, gravity and magnetic features, 
principle tectonic structures by geologic age and seismic sources defined by regional seismicity. 

2.5.1.4.1.3.1 Earthquakes in Stable Continental Regions 

The COL applicant cited the global review of earthquakes in stable continental regions (SCR) 
based on the evaluation of 870 earthquakes in SCRs by Johnston, et al. (1994), which 
correlates the Mesozoic and Cenozoic extended crust with large SCR earthquakes.  The staff 
notes that although the CCNPP site is located in a region of Mesozoic extended crust, the COL 
applicant did not include a discussion of Schulte and Mooney, (2005), a significant rework and 
analysis of earthquakes in SCRs that post-dates the Johnston, et al. (1994) study.  The staff 
notes that the Schulte and Mooney (2005) report includes 503 additional earthquakes not 
included in Johnston, et al. (1994) and focused on geological association with seismicity and not 
Mmax.  Therefore, in RAI 71, Question 02.05.01-3, the staff requested that the COL applicant 
provide a discussion of the Schulte and Mooney (2005) paper, including its relevance to the 
CCNPP site. 

In a May 1, 2009, response to RAI 71, Question 02.05.01-3, the COL applicant evaluated the 
Johnston, et al. (1994) report and determined that there was no new information that required 
updating the EPRI - SOG seismic source characterization.  The COL applicant also stated that 
the Schulte and Mooney (2005) conclusions are essentially the same as, and did not contradict 
those of, Johnston, et al. (1994). 
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The staff reviewed the COL applicant's May 1, 2009, response to RAI 71, Question 02.05.01-3, 
the work of Schulte and Mooney (2005) and Johnston, et al. (1994), and considered the new 
seismic source zones from the CEUS SSC.  Both studies reach similar conclusions in that there 
is a correlation between Mesozoic and Cenozoic extended crust and SCR earthquakes.  The 
staff notes that this correlation has been taken into account in the new CEUS SSC model.  The 
staff concludes that the COL applicant has adequately captured the tectonic setting for 
Mesozoic extended crust regions with this RAI response. 

However, the staff notes that because Schulte and Mooney (2005) is a significant, more recent 
evaluation of earthquakes in SCRs than the Johnston, et al. (1994), in follow-up RAI 219, 
Question 02.05.01-63, the staff requested that the COL applicant include a discussion of this 
study in a future revision of the COL FSAR.  In an April 30, 2010, response to follow-up, 
RAI 219, Question 02.05.01-63, the COL applicant agreed to add the discussion to the COL 
FSAR.  However, in the markup to COL FSAR Revision 8, November 2012, the staff noted that 
the COL applicant deleted the discussion of Schulte and Mooney (2005) and Johnston, et al. 
(1994).  Therefore, in RAI 385, Question 02.05.01-71, the staff requested that the COL applicant 
reinstate this discussion in the COL FSAR.  RAI 385, Question 02.05.01-71 is being tracked 
as an open item. 

2.5.1.4.1.3.2 Results of Investigations for Quaternary Tectonic Features 

In COL FSAR Section 2.5.1.1.4, the COL applicant cited the national compilation of Quaternary 
structures or features with potential seismogenic properties from Crone and Wheeler (2000) and 
Wheeler (2005).  The COL applicant relied on this information as the basis for its conclusion that 
there is no evidence of late Cenozoic seismogenic activity on any feature in the CCNPP site 
region.  However, the staff noted that the Crone and Wheeler (2000) and Wheeler (2005) 
studies are based on an evaluation of information currently available in the published literature, 
and not a direct examination of the actual geologic features.  Therefore, in RAI 71, 
Question 02.05.01-4, the staff requested that the COL applicant provide further details about the 
site-specific investigation performed for potential Quaternary faults near the CCNPP site. 

In an April 15, 2009, response to RAI 71, Question 02.05.01-4, the COL applicant described its 
investigation for potential Quaternary faults and features near the site, including the compilation 
and review of existing published and unpublished literature; phone and in-person interviews of 
regional and local experts; field and aerial reconnaissance; and review of aerial photography 
within the 8 km (5 mi) radius site area, digital elevation maps, and LiDAR maps.  The staff 
reviewed several of the original publications that the COL applicant cited in addition to others 
the staff found independently.  The staff also conducted telephone interviews with Dr. Frank 
Pazzaglia, summarized and made publicy available in the Agencywide Document Management 
System (ADAMS) under title “11/10/2009 Summary of Telephone Interview Between NRC 
Geologist Alice Stieve and Dr. Frank Pazzaglia,” dated November 10, 2009. The staff also 
considered the technical content in several letters from stakeholders:  Dr. Peter Vogt and Dr. 
Susan Kidwell, documented in ADAMS under titles “2010/04/08 CCNPP3 COLA - FW: Replace 
attachments- CC3 FSAR- NRC/Steckel-request action on plausible active earthquake fault 1.25 
miles or closer, south of CCNPP-Docket 52-016,” dated April 8, 2010; “2010/07/09 CCNPP3 
COLA - June Sevilla submission to DEIS (DRAFT NUREG 1936) and FSAR  - #1 of 3 emails,” 
dated July 9, 2010; and “2010/05/04 CCNPP3 COLA - RE: Soil Liquefaction - Proof of 
Geological Condition - Calvert Cliffs COLA 52-016,” dated May 4, 2010. 

Based on a literature review, interviews with local experts, examination of field and aerial 
reconnaissance maps, the review of LiDAR data images, and examination of geologic 
exposures near the CCNPP, the staff concludes that there are no potential Quaternary faults or 
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tectonic-related features identified within the site region.  The staff also reviewed the COL 
applicant’s field investigations performed to rule out the presence of any young tectonic feature 
and its possible seismic hazard impact on the CCNPP and concludes that these investigations 
are acceptable and adequate to characterize the CCNPP site.  The staff requested in follow-up 
RAI 219, Question 02.05.01-64, that the COL applicant include this response in a future revision 
of the COL FSAR.  In an April 30, 2010, response to follow-up RAI 219, Question 02.05.01-64, 
the COL applicant added the discussion to the revised COL FSAR.  Therefore, the staff 
considers RAI 71, Question 02.05.01-03 and RAI 219, Question 02.05.01-64, resolved. 

2.5.1.4.1.3.3 Gravity and Magnetic Features 

In COL FSAR Section 2.5.1.1.4.2, the COL applicant described the results and interpretations of 
gravity and magnetic field investigations available in the CCNPP region, specifically the data 
that was used for the CCNPP Unit 3 study.  The COL applicant described several northeast 
trending magnetic anomalies in the CCNPP site region including the offshore East Coast 
magnetic anomaly (ECMA) thought to mark a transition from rift-stage continental crust to 
marginal oceanic crust.  The COL applicant stated that the ECMA is not directly associated with 
a capable tectonic source and is not considered a potential seismic source.  However, the staff 
notes that some faulting is illustrated in the cross-section below the ECMA, and in RAI 71, 
Question 02.05.01-10, the staff asked the COL applicant toprovide further explanation about the 
ECMA with respect to these faults.  

In an April 15, 2009, response to RAI 71, Question 02.05.01-10, the COL applicant stated that 
the faults in the cross-section are not structurally related to the ECMA.  The ECMA is a 
magnetic signature interpreted to be the subsurface location of the crustal transition from rifting 
to sea floor spreading associated with the magnetic change from continental, largely granitic 
crust to mafic crust.  The faults in the cross-section formed in response to sediment loading and 
differential compaction of slope/rise deposits on the outer edge of the new passive margin and 
not in association with the structure of the underlying crust. 

The staff reviewed the COL applicant's April 15, 2009, response to RAI 71, 
Question 02.05.01-10 and (Klitgord, 1995) for the evidence for the ECMA and the faults on the 
continental slope.  The staff concludes that there is no link between the ECMA and the faults.  
The cross-section from Klitgord (1995) illustrates the relatively shallow faults grouped together 
on the continental slope/rise, located oceanward of the carbonate banks.  The staff notes that 
this supports the interpretation that the faults are due to sediment loading of the slope-rise 
deposits that were more compactable relative to the immediately adjacent and less compactable 
platform carbonate deposits that are positioned closer to the continent.  The staff also notes that 
the geometry of these faults is similar to growth fault geometry.  Growth faults are not related to 
through-going crustal structures and therefore are not associated with earthquakes.  The staff 
further finds that the faults above the ECMA are capped by an overlying, Middle Jurassic (older 
than 161 Ma) unconformity, thus constraining the fault age to older than 161 Ma.  The staff 
concludes that there is no data to suggest the faults are a capable tectonic source, and they are 
not structurally associated with the ECMA.  Therefore, the staff considers RAI 71, 
Question 02.05.01-10 resolved. 

2.5.1.4.1.3.4 Principal Tectonic Structures  

COL FSAR Section 2.5.1.1.4.4 categorizes and describes specific tectonic features located 
within the CCNPP site region and considers the available evidence for the age of fault activity.  
The COL applicant divided the principal tectonic structures into five categories based on their 
age of formation or most recent reactiviation.  The staff focused its review primarily on potential 
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Quaternary features in the site region.  Geologic or tectonic features with activity in the 
Quaternary Period might indicate a potential for future tectonic activity, whereas older tectonic 
features generally lack such potential.  As discussed in RG 1.208, a PSHA characterizes 
seismic potential through consideration of the historic and geologic record from the Quaternary 
Period.  Thus, the characterization of potential Quaternary-aged tectonic features is an 
important part of the basic geologic and seismic information review.  In addition, the staff 
confirms that relevant Quaternary-aged features were considered appropriately in the PSHA.  
However, the staff also considered the age constraints for certain regional structures interpreted 
to be older than Quaternary to ensure that these older structures were not reactivated in more 
recent times, including the Quaternary. 

Paleozoic Structures 

COL FSAR Section 2.5.1.1.4.4.2 describes the regional tectonic structures interpreted to be 
Paleozoic (248 Ma) in age, including thrust and reverse faults, shear zones and sutures active 
during the Taconic, Acadian, and Alleghenian convergent and transpressional orogenic events.  
The staff notes that while some of these structures are exposed in the Piedmont and Blue Ridge 
geologic terranes to the west of the CCNPP site, others are known to exist buried beneath the 
Coastal Plain and Continental Shelf sedimentary sequences, and many have a complex and 
protracted reactivation history.  The staff focused its review on the Hylas and Brookneal Shear 
Zones, the Everona-Mountain Run-Pleasant Grove Fault System, and the Spotsylvania Fault 

Hylas Shear Zone 

The COL applicant described the Hylas shear zone (HSZ) as a northeast striking zone of ductile 
shear with mylonites located 128 to 48 km (80 to 30 mi) west of the site that was active in the 
Alleghenian (330 to 220 Ma) and perhaps reactivated during Mesozoic extension.  In RAI 130, 
Question 02.05.01-41a, the staff asked the COL applicant to provide additional information 
regarding more recent publications and interpretations concerning the reactivation history of the 
HSZ, specifically Bobyarchick and Glover (1979), Gate and Glover (1989) and Hibbard, et al. 
(2006).  The applicant provided additional details, citing Bobyarchick and Glover (1979), Gates 
and Glover (1989) and Hibbard, et al. (2006) and concluded that there is no reported 
geomorphic expression, historical seismicity, or Quaternary deformation along the HSZ; 
therefore, the feature is not considered to be a capable tectonic source. 

The staff reviewed the COL applicant’s October 2, 2009, response to RAI 130, 
Question 02.05.01-41a, and reviewed Bobyarchick (1988), Gate and Glover (1989) and 
Hibbard, et al. (2006).  The staff notes that the Hylas Shear Zone has a protracted movement 
history but the latest movement is currently constrained to the early Tertiary (approximately 28.4 
Ma).  The staff reviewed Le Tourneau (2003) and notes that the most recent, and reverse 
movement on the HSZ is linked with late Mesozoic and early Tertiary inversion of the 
Taylorsville basin.  Inversion in this sense meaning that a feature that was once dropped down 
like a basin (normal faulting) is now uplifted and forms a local structural high (thrust faulting).  Le 
Tourneau (2003) interpreted seismic reflection profiles and found reverse-sense structures in 
coincidence with the eastern margin of the basin disrupting late Mesozoic and early Tertiary 
Coastal Plain sediments including the Skinker's Neck anticline, and Port Royal and Brandywine 
fault zones.  The reverse sense structures would have formed after the extensional, continental 
rifting phase ceased and regional compressive stresses developed.  Based on the COL 
applicant's response and the current interpretation of motion along the HSZ in Le Tourneau 
(2003), the staff concludes that there is no evidence of movement beyond the early Tertiary on 
the HSZ.  Accordingly, the staff considers RAI 130, Question 02.05.01-41a resolved. 
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Brookneal Shear Zone 

The COL applicant described the Brookneal shear zone (BSZ) as a Paleozoic fault that partially 
reactivated during Mesozoic rifting because of its association with the Danville basin.  In 
RAI 130, Question 02.05.01-41c, the staff asked the COL applicant to provide more details 
about the correlation of the BSZ with Mesozoic reactivation. 

In an October 2, 2009, response to RAI 130, Question 02.05.01-41c, the COL applicant stated 
that based upon further review of the map data (Hibbard, et al. 2006 and Horton, et al, 1991) 
and summary papers (Swanson, 1986; Schlishe, 1993 and 2003), the Danville basin overlies 
the BSZ because the basin sediments cover the BSZ in a depositional contact and are not 
faulted by the BSZ.  Therefore, the COL applicant concluded that the BSZ was probably not 
reactivated in the Mesozoic and remains a dormant Paleozoic fault. 

Based on its review of the COL applicant's October 2, 2009, response to RAI 130, 
Question 02.05.01-41c, and the interpretations in the published papers, the staff agrees with the 
COL applicant that the BSZ was not likely reactivated in the Mesozoic because Mesozoic-age 
basin sediments cover the fault in an erosional contact, not a faulted contact, and are not 
deformed by the fault.  Because the fault is interpreted to be older than Mesozoic, the staff 
considers RAI 130, Question 02.05.1-41c resolved. 

Everona-Mountain Run-Pleasant Grove Fault System 

COL FSAR Section 2.5.1.1.4.1.2.1 describes the Mountain Run-Pleasant Grove fault system 
(MR-PG FS) as a complex series of Paleozoic faults that strike northeast and dip southeast and 
form a boundary between the exotic rock of the Piedmont Province and ancestral North America 
in the Blue Ridge Province.  The MR-PG FS extends the length of the southern and central 
Appalachian Orogen and exhibits mylonitic textures, indicative of the ductile conditions in which 
it formed during the Paleozoic Era.  In RAI 130, Question 02.05.01-41b, the staff asked the COL 
applicant to provide more information about the many faults within the fault system and to 
include the interpretation of age of movement. 

In an October 2, 2009, response to RAI 130, Question 02.05.01-41b, the COL applicant defined 
the MR-PG FS as an early Paleozoic lithotectonic boundary fault system.  The Mountain Run 
fault pertains to portions of the fault system that exhibit Mesozoic and potential Cenozoic 
reactivation features and relationships.  The Everona fault is a single, former exposure of brittle 
faulting within the Mountain Run fault. 

In reviewing the pertinent studies, the staff finds that the MR-PG FS includes the Bowens Creek 
fault, the Mountain Run fault zone, the Pleasant Grove fault and Huntingdon Valley fault 
(Hibbard et al, 2006; Mixon, 2000; Horton et al, 1991).  The staff also reviewed Pavlides (2000) 
which concluded that the faults of the MR-PG FS formed at the end of the Ordovician, prior to 
about 450 Ma.  Based on Pavlides, et al. (1983) and Pavlides (1986), the staff notes that the 
Everona fault, part of the wider Mountain Run fault zone, refers to a single, temporary exposure 
documented during grading on private property (Pavlides et al., 1983), not a fault with clear 
mapped fault length.  The staff also consulted Crone and Wheeler (2000) which classified this 
as a Class C feature, meaning geologic evidence is insufficient to demonstrate the existence of 
a tectonic fault, and there is no evidence for Quaternary slip or deformation. 

The staff reviewed studies completed by Dominion Nuclear North Anna, LLC (Dominion) for the 
North Anna ESP and notes that Dominion concluded that local portions of the Mountain Run 
fault (Mountian Run and Kelly’s Ford scarps) within the MR-PG FS are not tectonic in origin and 
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the fault is not a capable tectonic source.  The staff concluded that the Mountain Run and 
Kelly's Ford scarps are fluvial features and not related to Cenozoic tectonic activity on the 
Mountain Run fault zone based on several topographic cross sections that show the fault and 
topographic scarps are not co-located. 

The staff also reviewed the North Anna ESP Site Safety Analysis Report (SSAR), “Rev. 9 to 
North Anna Early Site Permit Application. Cover Page to Part 2 – Site Safety Analysis Report, 
Page 2.5.4A-66,” dated September 1, 2006, and notes that additional information on the timing 
of displacements along the Mountain Run fault zone was available and incorporated into the 
EPRI (1986) seismic source models and no new significant information has been published 
since 1986 regarding activity on the Mountain Run fault.  Accordingly, the staff considers 
RAI 130, Question 02.05.01-41b resolved.   

Spotsylvania Fault 

The COL applicant described the Spotsylvania fault as a late Paleozoic dextral-reverse fault and 
the northern continuation of the Central Piedmont shear zone active during the Alleghanian 
orogeny.  The fault extends to the northeast beneath Coastal Plain sediments to within about 
64 km (40 mi) of the CCNPP site.  Specific studies of the fault by Dames and Moore (1977) 
indicate negligible vertical deformation of a pre- to early Cretaceous erosion surface.  The 
authors also concluded that it is not related to Tertiary faulting on the younger Stafford fault 
zone. 

In RAI 130, Question 02.05.01-41e, the staff asked the COL applicant to provide additional 
details with respect to the age of movement on the Spotsylvania fault and structural association 
with the Central Piedmont suture.  In an October 2, 2009, response to RAI 130, 
Question 02.05.01-41e, the COL applicant explained that the Central Piedmont Shear Zone 
(CPCZ) forms a ductile/brittle boundary between the Piedmont Terrane (west) and the Carolina 
Terrane (east) in a series of faults.  The staff reviewed Hibbard, et al. (2006) and finds that the 
Spotsylvania fault forms a continuous western boundary for the Piedmont Terrane and is 
included as a member of the CPSZ.  The staff also notes that both faults are thrust faults with 
variable components of right-lateral offset.  The staff reviewed Dames and Moore (1977) and 
notes that it ruled out Cenozoic movement on the Spotsylvania fault because of negligible 
vertical movement of a pre- to early Cretaceous erosion surface.  The staff concludes that the 
Spotsylvania fault does not exhibit any Quaternary movement based on the observation that 
there is no vertical offset on a pre- to early Cretaceous unconformity.  Accordingly, the staff 
considers RAI 130, Question 02.05.01-41e resolved. 

Conclusions 

Based on review of the COL applicant's responses to RAI 130, Question 02.05.01-41 and 
RAI 130, Question 02.05.01-51 regarding Paleozoic faults in the site region and the proposed 
revisions to COL FSAR Section 2.5.1.1.4.4.2, the staff concludes that the COL applicant 
provided a thorough and accurate description of regional Paleozoic tectonic structures in 
support of the COLA.  The staff further concludes, based on its review of the current research 
on these structures, that there is reasonable assurance that even though many of the faults and 
fault zones have protracted histories of reactivation, none are known to be Quaternary aged 
and, therefore, are not considered to be capable tectonic sources. 
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Mesozoic Structures 

Mesozoic (248 to 65 Ma) structures include normal faults and their associated rift basins that 
formed during the break-up of Pangaea and that ultimately culminated in the formation of the 
Atlantic passive margin.  Mesozoic basins have long been considered potential sources for 
earthquakes along the eastern seaboard and were considered by previous seismic hazard 
models in the definition of seismic sources (EPRI, 1986).  The staff reviewed Schulte and 
Mooney (2005) and Johnson, et al. (1994) and notes that these evaluations found a correlation 
between large earthquakes in stable continental regions and Mesozoic and Cenozoic extended 
curst.  CCNPP is located in a region of Mesozoic extended crust.  COL FSAR 
Section 2.5.1.1.4.4.3 discusses Mesozoic basins and their formative boundary faults.  Rift 
basins within the 320 km (200 mi) CCNPP site region include the exposed Danville, Richmond, 
Culpeper, Gettysburg and Newark basins; the buried Taylorsville, and Norfolk basins, and the 
hypothesized Queen Anne and other smaller basins.  The staff developed several RAIs focusing 
on the latest interpretations discussed in the literature - seismicity possibly associated with 
Mesozoic basins and specifically the Ramapo fault system. 

Latest Interpretations about Mesozoic Basins within the CCNPP Site Region 

COL FSAR Section 2.5.1.1.4.4.3 provides a general description of rift basins along the eastern 
North American margin.  The staff noted the lack of a discussion of the more recent publications 
on the topic. , Therefore, in RAI 130, Question 02.05.01-43a, the staff requested that the COL 
applicant include in the FSAR more recently reported research, namely, Benson (1992), 
Schlische, et al. (2003) and Schlische (2003), Le Tourneau (2003), and Withjack et al. (1998) 
and Withjack and Schlische (2005).  

In an October 2, 2009, response to RAI 130, Question 02.05.01-43a, the COL applicant 
discussed the Mesozoic basins, incorporating the newer publications.  The staff reviewed the 
COL applicant's response and Withjack, et al. (1998), Withjack and Schlische (2005)), 
Schlische, et al. (2003) and Schlische (2003), and notes that rifting across the eastern Atlantic 
margin began by the Late Triassic (235-201 Ma) and that the Mesozoic rift basins in the site 
region are predominately half-grabens with the primary rift-bounding faults on the western 
margin of the basin.  The staff also notes that the fault systems bordering the rift basins typically 
consist of reactivated Paleozoic structures (e.g., the Richmond basin and the Paleozoic Hylas 
shear zone) and recognition of widespread inversion of the rift basins during the rift-to-drift 
transition marked a significant change from extension to contraction along the eastern 
continental margin and in the CCNPP site region. 

The staff also reviewed Ratcliff (1971) and notes that field data supports the author’s conclusion 
that the Ramapo Fault was reactivated with both strike-slip and dip-slip displacement during the 
Paleozoic orogenies and Mesozoic extension.  Accordingly, the staff considers RAI 130, 
Question 02.05.01-43a resolved. 

In COL FSAR Section 2.5.1.1.4.4.3, the COL applicant stated that rift-bounding normal faults 
are variously interpreted to be listric (curved downward geometry) at depth, merging into 
Paleozoic low-angle basal faults; or, as steep dipping faults that penetrate deep into the crust 
following deep crustal fault zones.  The staff notes that steep faulting into the deep crust would 
be more likely to be a source of earthquakes than the listric fault geometry.  Therefore, in 
RAI 71, Question 02.05.01-16, the staff asked the COL applicant to provide information 
supporting the various interpretations of fault subsurface geometry and to include a discussion 
of any deep seismic reflection profiles that cross these rift basins that would support one 
interpretation over the other. 
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In an April 15, 2009, response to RAI 71, Question 02.05.01-16, the COL applicant stated that 
several interpretations offered by multiple research efforts indicate an ongoing debate and 
interpretation.  The COL applicant concluded that there is no newer, additional information on 
the characterization of the down-dip fault geometry of basin bounding faults that would resolve 
the alternate interpretations.  The staff considered the COL applicant's response and also 
reviewed Crespi (1988), Harris et al, (1982), and Manspeizer (1989) which conclude that 
rift-bounding, normal faults are interpreted to be listric at depth and merge into Paleozoic 
low-angle detachments.  The staff considered the conclusions drawn by Wentworth and 
Mergner-Keefer (1983), Pratt, et al. (1988), and Klitgord (1995) that rift-bounding faults dip 
steeply and penetrate into the crust following deep crustal fault zones. In response to staff's 
question regarding the availability of deep seismic reflection data across the boundary faults, 
the COL applicant discussed various interpretations of a single, deep seismic reflection line in 
central Virginia (USGS I-64) that crosses the Richmond, VA basin.  The staff finds that although 
this is the only line available for the CCNPP site region that extends to a depth great enough to 
address the question of fault geometry, it does not resolve the multiple interpretations on the 
depth and geometry of basin forming faults.  Based on these published conclusions as well as 
the COL applicant's response, the staff concludes that the belt of rift basins from Nova Scotia to 
South Carolina does not provide one definitive interpretation for the geometry of the basin 
boundary faults and alternative structural models are not resolved with the current state of 
knowledge regarding these features.  The staff also considered the pattern of earthquakes 
superposed on the map of Mesozoic basins and associated faults as shown on Figure 2.5.1-4 of 
this report including the EPRI 1986 catalog in conjunction with the 2006 update.  The staff 
concludes that there is no pattern of earthquakes in close association with basin-bounding 
faults.  Accordingly, the staff considers RAI 71, Question 02.05.01-16 resolved. 

Seismicity Associated with Mesozoic Basins 

In COL FSAR Section 2.5.1.1.4.4.3, “Mesozoic Tectonic Structures,” the COL applicant stated 
that there is no association of specific Mesozoic basin bounding faults with demonstrable, 
associated seismicity or evidence of recent fault activity.  In RAI 71, Question 02.05.01-17, the 
staff asked the COL applicant to provide a combined map of basins, boundary faults and depth 
coded epicenters to justify this assertion.  

In an April 15, 2009, response to RAI 71, Question 02.05.01-17, the COL applicant revised COL 
FSAR Figure 2.5-10 to include a geologic map of the Mesozoic basins, boundary faults, other 
Paleozoic faults and earthquake epicenters.  The staff noted that the revised figure illustrates 
the newest pattern of seismic activity (Magnitude, distribution and depth) and that there are no 
new large earthquakes associated with Mesozoic basins in the CCNPP site region.  However, 
while the overall pattern of regional seismicity shows no systematic relation to the traces of the 
basin boundary faults, there are several epicenters clustered southeast of traces of the 
northwestern boundary faults of the Newark, NJ and Richmond, VA basins, as would be 
expected of seismically active faults that are dipping southeast.  In addition, the revised figure 
shows zero depths (default notation for unknown or poorly constrained depths) for nearly all the 
earthquakes, which precludes knowing if these events occurred on the Mesozoic faults or not.  
Because zero km is not usually taken as a fixed depth even for poorly located earthquakes, in 
follow-up RAI 219, Question 02.05.01-65, the staff asked the COL applicant to discuss the 
accuracy of the earthquake locations (epicental) with respect to the basins and basin bounding 
faults. 

In an April 30, 2010, response to follow-upRAI 219, Question 02.05.01-65, the COL applicant 
provided a revised map and explained that all the new earthquakes from the updated catalog 
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have reported depths while most of the earthquakes from the older catalog (EPRI-SOG, 1986) 
do not.  The COL applicant stated that epicentral location uncertainties for cataloged 
earthquakes, other than those associated with the basins, range from just less than 10 km (6 
mi) to greater than 25 km (15 mi) depending on the age of the earthquake.  The earthquakes 
associated with the Newark, NJ and Richmond, VA basins were assumed to be about 5 km (3 
mi) based on the original EPRI-SOG methodology. 

A newly revised earthquake catalog was implemented for the new CEUS SSC, issued in 2012 
as NUREG-2115.  In follow-up RAI 385, Question 02.05.01-70, the staff requested that the COL 
applicant provide a revised COL FSAR Figure 2.5.10 based on the new earthquake catalog 
developed for the CEUS SSC and review and revise the discussion as needed with respect to 
earthquake location uncertainty.  Follow-up RAI 385, Question 02.05.01-70 is being tracked 
as an open item. 

Ramapo Fault System 

The staff reviewed COL FSAR Sections 2.5.1.1.4.4.3 and 2.5.1.1.4.4.5.4, which describe the 
Ramapo fault system.  This fault received significant attention as a potential capable tectonic 
source during the licensing process for the Indian Point power plant in the late 1970's.  The 
faults of the system generally strike east-northeast and dip below the Newark basin to the 
southeast.  The staff notes that although early researchers (Aggarwal and Sykes, 1978) noted a 
spatial association between the earthquakes and the fault system, later research and revised 
analyses of earthquake locations leads to interpretations that the earthquakes are northwest of 
the fault or are below the fault plane in the crystalline, Precambrian and Paleozoic basement 
and not related to the basin or associated faults. 

In RAI 130, Question 02.05.01-52b, and RAI 134, Question 02.05.01-59, the staff asked the 
COL applicant to further describe the Ramapo fault and nearby patterns of seismicity with 
respect to the early conclusions for the more recent interpretations.  In October 10, 2009, 
responses, the COL applicant proposed a revision of COL FSAR Section 2.5.1.1.4.4.5.4 to 
include a more detailed literature review.  The COL applicant concluded that for the CCNPP site 
there is no new information to suggest that the existing characterization of the Ramapo fault 
does not adequately capture the current technical opinion with respect to the seismic hazard 
posed by the Ramapo fault or the Ramapo seismic zone. 

In consideration of the COL applicant's response, the staff also reviewed Aggarwal and Sykes 
(1978).  These investigators suggested that the Ramapo fault was active based on spatial 
association of 32 earthquakes, more than half of which were near the fault in the 
New York-New Jersey area.  The staff notes that Aggarwal and Sykes interpreted focal 
mechanisms to indicate high angle thrust faulting on northeast trending fault planes, implying a 
northwest compressive stress direction.  However, this is contrary to the current understanding 
of a northeast directed compressive stress direction (Zoback and Zoback, 1989).  The staff 
notes that although Aggarwal and Sykes (1978) concluded that earthquake hypocenters align 
along the subsurface, southeast dipping plane of the fault, later earthquake analyses and 
geologic investigations contradict these findings. 

The staff reviewed Seborowski, et al. (1982), which analyzed a sequence of aftershocks near 
the northern end of the Ramapo fault and noted that the earthquakes indicate thrusting on a 
north-northwest trending fault plane with a corresponding maximum compressive stress 
direction oriented northeast.  Considering that the fault is essentially oriented northeast, parallel 
to this stress direction, the staff concludes that the Ramapo fault was not involved in the 
earthquakes and aftershocks. 
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The staff considered the extensive geologic research lead by Ratcliffe of the USGS 
(Ratcliffe, 1971, 1980, 1983, 1985a, 1985b, 1986a, 1986b, 1988, 1992).  These investigations 
included detailed geologic mapping, seismic reflection, borings and core analysis along the 
Ramapo fault.  The overall conclusions are that the most recent episodes of slip were normal 
sense movement with a component of strike-slip, based on analysis of rock core.  This requires 
an extensional stress field to be present rather than the modern day compressive stress field, 
with the latest episode of extension occurring in the Mesozoic. 

The staff also reviewed the recent work of Sykes, et al. (2008), which demonstrates that there is 
no alignment of earthquakes in and around the Newark basin with the Ramapo fault as shown in 
their cross-section.  The seismicity west of the fault in map view is located in Paleozoic or older 
footwall rock.  The staff concludes that the earthquakes in the area around the Ramapo fault 
system are actually deeper than either the basin fill or the basin faults and are, therefore, related 
to other, unknown deeper structures. 

Based on the COL applicant’s responses to RAI 130, Question 02.05.01-52 and RAI 134, 
Question 02.05.01-59 and the staff's review of Aggarwal and Skyes (1978), Sebrowski, et al. 
(1982) and Sykes, et al. (2008), the staff concludes that the characterization for the Ramapo 
fault and the Ramapo seismic zone are adequately captured.  The most recent paper by Sykes, 
et al. (2008), makes a strong case that earthquakes near the Ramapo fault are located in 
Precambrian or early Paleozoic terranes to the northwest of the fault or below the basin and are 
not structurally related to the Newark basin.  This finding is likely the best analog for 
understanding earthquakes associated with other Mesozoic basins and boundary faults.  The 
staff considers RAI 130, Question 02.05.01-52 and RAI 134, Question 02.05.01-59 resolved. 

Conclusions 

Based on review of the COL applicant's responses to RAI 71, Questions 02.05.01-16 and 
02.05.01-17, RAI 130, Question 02.05.01-43a, RAI 134, Questions 02.05.01-52, and 
02.05.01-59, regarding Mesozoic faults in the site region and the proposed revisions to COL 
FSAR Section 2.5.1.1.4.4.3, the staff concludes that the COL applicant provided a thorough and 
accurate description of regional Mesozoic tectonic structures in support of the CCNPP COLA.  
Based on its review of the current research on these structures, the staff further concludes that 
even though Mesozoic basins have long been considered potential sources for earthquakes 
along the eastern seaboard, none are known to be Quaternary aged, nor are they correlated 
with concentrated or persistent seismicity. 

However, follow-up RAI 385, Question 02.05.01-70 regarding the new earthquake catalog and 
earthquake location uncertainty is being tracked as an open item.  Therefore the staff is unable 
to finalize the conclusions relating to Seismicity Associated with Mesozoic Basins in compliance 
with 10 CFR 100.23 and 10 CFR 52.79, in accordance with regulatory requirements. 

Tertiary Structures 

In COL FSAR Section 2.5.1.1.4.4.4, the staff reviewed the nine fault or fold systems mapped 
within the 320 km (200 mi) site region that were active during the Tertiary (65 to 1.8 Ma).  The 
features closest to the site include the Hillville Fault and the unnamed and poorly constrained 
features described by McCarten, et al. (1995) and Kidwell (1997).  The staff notes that the faults 
closest to the site are all buried faults and are not observed or mapped at the surface.  All the 
Tertiary features are described in the summary section of this report.  Some of these structures 
are additionally discussed in this section of the report in context with several RAIs. 
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Hillville Fault 

In COL FSAR Section 2.5.1.1.4.4.4.5, the staff reviewed information about the Hillville Fault 
Zone (HVFZ), which is a northeast striking, about 42 km (26 mi) long, subsurface reverse fault 
within 5 mi (8 km) of the CCNPP site (shown in Figure 2.5.1-5 of this report).  Based on seismic 
reflection data that staff examined, the fault zone offsets the basement-Coastal Plain 
unconformity by about 76 m (250 ft) and extends upward into the Cretaceous Potomac Group 
(144 to 99 Ma).  Borehole data might extend the fault beyond the Potomac Group, up into the 
early Paleocene strata (65 to 55 Ma).  The COL applicant concluded that movement on the fault 
occurred no more recently than 55 Ma. 

In RAI 71, Question 02.05.01-18, the staff asked the COL applicant to provide the seismic line 
St M-1, (Hanson, 1978) for review.  These data are the primary evidence for the existence of the 
fault.  The staff also asked the applicant if the Hillville fault is observed in the Chesapeake Bay 
marine seismic data.  In an April 15, 2009, response to RAI 71, Question 02.05.01-18, the COL 
applicant provided the St M-1 seismic line as well as the LiDAR map of the CCNPP site vicinity. 

The staff conducted an audit of the CCNPP site on February 24-25, 2009.  The staff’s trip report 
is documented in ADAMS under “Trip Report - 02/24-25/2009, Geology-Related Site Visit In 
Support of the Calvert Cliffs Combined License Application,” dated April 16, 2009, and the 
USGS trip report can be found under “USGS Trip Report on Site Audit of Calvert Cliffs, 
Maryland site, Submitted July 8, 2009,” dated June 23, 2011.  As part of the February 2009 site 
safety audit, the staff discussed interpretations of the Hillville fault and examined original paper 
copies of the seismic reflection profile.  The staff observed reflectors at the basement contact 
between crystalline basement rock and the overlying Coastal Plain sedimentary section that 
clearly show two or three closely-spaced fault traces offsetting that horizon.  The staff also notes 
that Hansen (1978) interprets the offset in the basement double reflector to be about 76 m (250 
ft), but did not extend the Hillville fault up into the Late Cretaceous sediments.  The staff notes 
that this seismic reflection data is designed to image the basement/Coastal Plain sedimentary 
section contact but not the shallower portion of the subsurface.  However, the reflection data 
does suggest a possible fault in the section up to a depth of about 518 m (1,700 ft) below the 
surface.  These data clearly indicate the existence and position of the through-going basement 
fault but not any age constraint on that fault.  The staff examined the LiDAR data in the vicinity 
of the CCNPP site, which provides high definition coverage of subtle surface topography.  The 
staff examined these data along the expected trace of the fault for evidence of surface 
expression and found none.  The staff also examined these data for geomorphic features that 
might indicate a deformed surface such as changes in stream terrace surfaces and concludes 
that there is no surface expression for the Hillville fault.  The staff asked the COL applicant, in 
RAI 130, Question 02.05.01-47, if there were any other data supporting the extension or 
projection of the fault to the northeast of the CCNPP.  The COL applicant responded that the 
northeast projection of the fault from seismic line St M-1 is based on the fault's coincidence with 
the Sussex-Currioman Bay aeromagnetic anomaly.  However, the COL applicant reported that 
the HVFZ projects into an exposed section of the Calvert Cliffs, within the detailed study area of 
Kidwell (1997), approximately 1 km (0.6 mi) southeast of Governor Run, which is located to the 
north of the CCNPP site.  Kidwell (1997) showed the same degree of detail in the measured 
sections there as near the CCNPP site and was aware of the possibility of faults, but did not 
report any faults in the Calvert Cliffs, near the projection of the HVFZ.  The staff concludes that 
this is stratigraphic evidence that there is not a fault deforming younger, near-surface Coastal 
Plain sediments. 
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Because the HVFS can be projected along strike into the Chesapeake Bay, in RAI 71, 
Question 02.05.01-18, the staff asked the applicant if the HVFZ is visible in the Chesapeake 
Bay marine data (Colman et al., 1990).  In an April 15, 2009, response, the COL applicant 
stated that shallow seismic reflection data acquired and interpreted by Colman, et al. (1990) in 
the Chesapeake Bay does intersect the northeast projection of the HVFZ.  However, 
Colman, et al. (1990) do not mention encountering any fault in their interpretation of the seismic 
data.  The staff reviewed the study of Colman, et al. (1990), and concludes that because the 
Chesapeake Bay marine seismic data was collected to examine underwater bathymetry of the 
ancestral Susquehanna River channels, it is not likely that these data would pick up a fault 
buried beneath the sediments. 

The staff examined a structure contour map of the top of the Eocene (55 to 34 Ma) Piney 
Point-Nanjemoy Aquifer published by the Maryland Geological Survey (Achmad and 
Hansen, 1997) that indicates that the HVFZ does not offset this regionally recognized 
stratigraphic marker, supporting the COL applicant's conclusion that the Hillville fault is older 
than 55 Ma.  Figure 2.5.1-6 of this report illustrates the local stratigraphic column and illustrates 
the relative position of the Piney Point and Nanjemoy Formations below the Chesapeake Group. 

The staff concludes that the fault is not identifiable at the surface or in near surface sediments 
based on the structure contours of shallow, regionally recognized stratigraphic horizons, 
exposures on the Calvert Cliffs and LiDAR data.  The staff further concludes that there is no 
evidence of the HVFZ in nearby marine seismic reflection data.  Based on the COL applicant's 
April 15, 2009, response to RAI 71, Question 02.05.01-18, the site visit to the Calvert Cliffs and 
the staff's review of the original data, the staff concludes that, while the HVFZ can be interpreted 
at depth in a single seismic reflection profile and a few deep boreholes, the fault is not a 
Quaternary structure and not likely a seismogenic feature. 

Finally, because the COL applicant adequately described and supported its conclusion that the 
Hillville fault is not a Quaternary structure, the staff considers RAI 71, Question 02.05.01-18 
resolved. 

East Facing Monoclines 

The staff reviewed COL FSAR Section 2.5.1.1.4.4.4.7, which states that McCartan, et al. (1995), 
interpreted a set of three monoclines along the western shore of the Chesapeake Bay based on 
physiographic, geomorphic and geologic observations (shown in Figure 2.5.1-5 of this report).  
A monocline is a tectonic fold that is one sided or has only one limb.  The staff notes that the 
monoclines are interpreted to bend the subsurface Lower Paleocene (65 to 54.8 Ma) through 
Upper Miocene (11.2 to 5.3 Ma) strata.  The COL applicant stated that the Miocene St. Mary's 
Formation is not depicted to be deformed and, therefore, concluded that the inferred monoclines 
must be older than late Miocene in age and do not represent a deformation hazard at the 
CCNPP site. 

In Figure 2.5.1-7 of this report, the staff notes that it is not possible to determine if the St. Mary's 
Formation is folded or not because the formation was removed by erosion at the location of the 
monocline.  Therefore, in RAI 71, Question 02.05.01-32, the staff asked the COL applicant to 
clarify the extent of the monocline in the stratigraphic section.  In an April 15, 2009, response to 
RAI 71, Question 02.05.01-32, the COL applicant stated that the base of the Choptank 
Formation demonstrates the absence of a monocline.  The staff notes that the McCarten et al, 
1995 cross-section illustrates the base of the Choptank as undeformed and the Choptank 
Formation is located within the middle and upper middle Miocene-aged strata, below the St. 
Mary's Formation (shown in Figure 2.5.1-6 of this report).  The COL applicant revised COL 
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FSAR Figure 2.5-40 in Revision 7.  The staff reviewed the COL applicant’s response to RAI 71, 
Question 02.05.01-32, and the associated cross-section and concludes that there is no direct 
evidence that there is deformation of Miocene units above the inferred monocline, and there is 
no potential that the monocline could be younger than Miocene. 

Based on review of McCartan, et al. (1995), the COL applicant's response to RAI 71, 
Question 02.05.01-32 and examination of the data, the staff finds that there is a lack of direct 
evidence, such as geophysical data, showing any monocline.  Furthermore, the staff notes that 
the two boreholes used to generate the cross-section are at least 33 km (21 mi) apart and are 
not located in or near the interpreted structure.  There is no data available to verify the existence 
of a unique structure.  The staff also observed that the base of the Miocene (23.7 to 5.3 Ma) 
Choptank Formation shows no evidence of folding in the McCarten, et al. (1995), cross-section.  
In addition, the structure contours of the underlying Eocene-aged (54.8 to 33.7 Ma) Piney Point 
Formation in a map produced by Achmad and Hansen (1997), that covers the same area, show 
no evidence of a fold.  Therefore, because the staff could not verify the existence of the 
monoclines in the cross-section of McCarten, et al. (1995), and could not identify the feature in 
the associated structure contour map of Achmad and Hansen (1997), the staff concludes that 
the inferred monoclines of McCarten, et al. (1995), do not represent a capable tectonic source.  
Accordingly, the staff considers RAI 71, Question 02.05.01-32 resolved. 

Unnamed Folds and Postulated Fault within Calvert Cliffs (Kidwell) 

In COL FSAR Section 2.5.1.1.4.4.4.8, the staff reviewed the structural features in the Calvert 
Cliffs proposed by Kidwell (1997).  Along the west side of the Chesapeake Bay, Kidwell (1988, 
1997) prepared over 300 lithostratigraphic columns along the Calvert Cliffs examining and 
measuring a 40 km (25 mi) long, nearly continuous exposure of Miocene, marine deposits.  
Kidwell correlated Miocene unconformities along the full extent of the Calvert Cliffs and drew 
conclusions about regional dip and lateral continuity.  At Moran Landing, about 1.9 km (1.2 mi) 
south of the site, Kidwell (1997) interprets a fault based on an apparent 2 to 3 m (6 to 10 ft) 
elevation change in Miocene strata across a gap in the cliff face (approximately 1 km (0.6 mi) 
wide).  During the February 2009 site audit, the staff observed that a fault plane is not visible in 
the cliff exposure because a deep cut stream valley, trending northeast, intersects the cliff face 
at a high angle and cuts out the exposure where the fault is interpreted.  The staff did examine 
the relative elevation of stratigraphic layers on either side of the cliff gap to determine presence 
of offset. 

In COL FSAR Section 2.5.1.1.4.4.4.8, the COL applicant explained the apparent elevation 
changes for the Pliocene and Quaternary unconformities across the Moran Landing cliff gap as 
channeling and highly irregular erosional surfaces.  In RAI 71, Question 02.05.01-27, the staff 
requested that the COL applicant explain how the Kidwell (1997) interpretation can be 
discounted and interpreted as channeling or erosional surfaces rather than as a tectonic 
structure, and to demonstrate that the offset geologic contacts actually contain channel 
deposits. 

In a May 1, 2009, response to RAI 71, Question 02.05.01-27, the COL applicant stated that the 
channel deposits refer only to the youngest, physically higher fluvial gravels in unconformable 
contact with the underlying Miocene age marine strata in the Calvert Cliffs exposure.  The COL 
applicant stated that its field investigations, conducted as part of the preparation for this COLA, 
confirm that the basal contact of the high level gravel unit is an unconformity and it is 
characteristically undulatory and highly variable as demonstrated in numerous profiles by 
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Kidwell (1997).  The staff notes that this upland gravel contact cannot infer stratigraphic offsets 
or the presence of a fault because it was never a flat lying, smooth stratigraphic layer. 

In addition, the COL applicant argued that at Moran Landing, a small elevation offset of 2 to 3 m 
(6 to 10 ft) of strata over a separation distance of at least 1 km (0.6 mi) with no other direct 
observation of a fault or deformed strata is a weak case for a fault.  The staff notes that in 
St. Mary's Formation strata at Little Cove Point, just south of Moran Landing, Kidwell interprets 
folds with several meters of elevation change over a distance of 1 km (0.6 mi), similar to the fold 
dimensions at Moran Landing.  However, Kidwell interprets these features as monoclines, not 
faults. 

During the February 24-25, 2009, safety site audit, the staff and its USGS contractors examined 
the cliff exposures at Moran Landing (shown in Figure 2.5.1-8 of this report) and observed the 
large expanse of mostly St. Mary's Formation capped by informal Upland formations.  The staff 
noted that there is no obvious fault exposed because of the large gap formed in the cliff by an 
intersecting stream valley.  The staff notes that subtle warps in the sedimentary deposits across 
the gap can result from differential compaction of sediments over preexisting topography, soft 
sediment deformation, or lateral facies changes and these processes provide a valid alternative 
explanation for undulatory relief on disconformable surfaces. 

The staff also observed two sets of vertical, expansion style joints: one striking NW the other 
striking NE.  Figure 2.5.1-9 of this report shows the NW joint set that parallels the cliff face and 
the NE striking joint set that is perpendicular to the cliff face.  The staff considers these joints 
are expansion joints because they observed a twist hackle on a well exposed joint surface.  In 
addition, the joints are parallel to each other, have consistent spacing, are confined to individual 
beds in the cliff exposure and exhibit no shear indicators across the joint.  The staff concludes 
that the cliff face likely forms from the NW joint set when wave action undercuts the base, while 
the intersecting stream valley likely forms from the NE joint set where the joint allows more rapid 
erosion through resistant, cemented beds. 

The staff examined the stream valley that cuts the gap at Moran Landing and observed that this 
is a hanging valley, an under fit stream in a relict valley that ultimately was truncated by the 
Chesapeake Bay shoreline.  The staff also located this straight stream segment on the high 
resolution LiDAR data and observed numerous linear stream valleys with NE trends in the 
LiDAR in the area which would argue for joint controlled stream drainage systems.  The staff 
concludes that the orientation of the stream is likely a reflection of the local joint sets. 

The staff determined that in order to complete its review of specific geomorphic features 
associated with Pliocene-Quaternary surfaces, an enlarged LiDAR map was necessary.  
Therefore, in RAI 130, Question 02.05.01-50, the staff asked the applicant to provide an 
enlarged version of the LiDAR map.  In an October 2, 2009, response to RAI 130, 
Question 02.05.01-50, the COL applicant provided two new maps of LiDAR elevation data at 
larger scales.  The staff reviewed both maps and with the overlay of the locations of McCartan's 
(1995) hypothesized monoclines, Hansen's (1968) Hillville fault, and the location for Kidwell's 
(1997) inferred fault and monoclines.  This enabled the staff to consider these data in detail for 
any evidence of faulting or deformed geomorphic features.  The staff concludes that the 
Pliocene-Quaternary age geomorphic features in these data show no indications of fault-related 
activity. 

The staff notes that there is no direct observation of the fault at the stratigraphic level exposed 
in the cliffs, nor is there any geophysical evidence to support the interpretation of a fault at 
depth.  The staff concludes that the subtle inflection or offset in the cliff layers at Moran Landing 
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can be explained by other sedimentary processes and are not likely tectonic.  Due to the 
Miocene-constrained apparent offset, the staff concludes that, even if the fault is buried at 
depth, it is unlikely to be any younger than Miocene age and cannot be carried into the overlying 
upland gravels.  The staff notes that the COL applicant thoroughly examined the available 
information, including geophysical data, to evaluate the possibility of a fault at the surface and at 
depth at Moran Landing.  Based on staff's examination of LiDAR data; review of the stratigraphy 
work of Kidwell (1997); observations in the field, especially at the cliff face, during the site audit; 
and the COL applicant's field work, the staff concludes that the existence of this feature is not 
supported by the data.  Finally, the staff also notes that there is no seismicity located in the 
vicinity of the CCNPP site.  Therefore, the staff considers RAI 71, Question 02.05.01-27 and 
RAI 130, Question 02.05.01-50 resolved. 

Unnamed Fault Beneath the Northern Chesapeake Bay, Maryland 

In COL FSAR Section 2.5.1.1.4.4.4.6, the staff reviewed information about a fault, as proposed 
by Pazzaglia (1993), striking through the northern portion of the Chesapeake Bayapproximately 
113 km (70 mi) north of the CCNPP site.  Pazzaglia (1993) inferred a young geologic age for the 
fault.  Figure 2.5.1-5 of this report shows the inferred fault in the northern CB as a submarine 
feature. 

In RAI 71, Question 02.05.01-19, the staff asked the COL applicant if there is any new marine 
seismic reflection information about the interpreted feature.  The COL applicant stated that there 
was no new data in the CB to provide information about the interpreted fault.  The staff notes 
that the marine seismic reflection data of Colman, et al. (1990), discussed in the previous 
section does not extend as far north as Pazzaglia's study area and thus would not likely 
intersect the inferred fault.  Therefore, the staff considers RAI 71, Question 02.05.01-19 
resolved. 

In COL FSAR Section 2.5.1.1.4.4.4.6, the COL applicant concluded the fault interpreted by 
Pazzaglia (1993) is unconfirmed based on the lack of direct supporting evidence.  In RAI 130, 
Question 02.05.01-48, the staff asked the COL applicant to provide geologic maps, cross 
sections or other figures to illustrate the COL applicant's counterpoints to Pazzaglia's 
interpretation.  The staff requested that the COL applicant provide a detailed portion of available 
LiDAR data in a figure to show the northern CB with shorelines and landscape, along with the 
location of the interpreted fault trace.  In an October 2, 2009, response to RAI 130, 
Question 02.05.01-48, the COL applicant provided several additional figures, maps, cross 
sections and LiDAR data.  Therefore, the staff considers RAI 130, Question 02.05.01-48 
resolved. 

In follow-up RAI 219, Question 02.05.01-67, the staff asked the COL applicant to provide a 
comprehensive discussion of the hypothesized fault (Pazzaglia, 1993 and Pazzaglia, et al, 
2006) in order to clarify the inherent uncertainties in the evidence for a fault in the northern CB. 

In an April 30, 2010, response to RAI 219, Question 02.05.01-67, the COL applicant explained 
that for the CCNPP Unit 3 COLA it completed several investigative tasks to evaluate the 
hypothetical fault of Pazzaglia (1993), including a review of the published literature 
(Pazzaglia, 1993, Pazzaglia and Gardner, 1993, and Pazzaglia, et al., 2006), preparation of 
maps, topographic profiles and geologic cross-sections, field and aerial reconnaissance of the 
local and regional area, and field visits lead by Pazzaglia and multiple interviews with Dr. 
Pazzaglia. 
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The staff reviewed the Pazzaglia (1993), Pazzaglia and Gardner, (1993), and Pazzaglia, et al. 
(2006) publications, as well as those used to prepare the maps, profiles and cross-sections, 
specifically Higgins, et al. (1986 and 1990), Benson (2006) and Edwards and Hansen (1979). 
The staff also contacted Dr. Frank Pazzaglia to discuss his conclusions and current perspective 
regarding the existence of the postulated fault, which is documented in “11/10/2009 Summary of 
Telephone Interview Between NRC Geologist Alice Stieve and Dr. Frank Pazzaglia,” dated 
November 10, 2009.  The staff notes that Pazzaglia focused on regional chronosequences for 
the depositional history of the Salisbury Embayment and not specifically on evidience to discern 
a specific structure such as a fault.  Pazzalglia stated that there might be original depositional 
reflief on the base of the Turkey Point beds (TPB) that could account for the elevation changes.  
The staff notes that the fault was inferred based on an apparent measured elevation difference 
on the basal contact of the TPB and the overlying Pensaukin Formation across CB at two widely 
spaced locations east and west of the potential fault.  This elevation difference could be 
accounted for as original depositional relief on the base of the TPB.  The staff reviewed Higgins 
and Conant (1986) which concludes that the base of the Pensaukin is irregular with local relief 
of 12 to 15 m (39 to 49 ft).  The staff also reviewed the elevation analysis of the base of 
Pensaukin Formation completed independently by the COL applicant and concludes that the 
base of Pensaukin Formation has at least 11 m (36 ft) of local relief along the west side of the 
Elk River and this can be taken as analogous to the TPB basal contact because TPB overlie 
and are set into Pensaukin Formation. 

The staff reviewed the soil profile evaluation the COL applicant completed for the response to 
RAI 219, Question 02.05.01-67, and finds that the soil profiles at two locations east and west of 
the postulated fault are different and may not be age correlative.  In addition, the location west 
of the fault is the single TPB location identified west of the inferred fault. 

The COL applicant compiled and evaluated existing geologic data in the vicinity of the inferred 
fault to determine if the fault is observable in the data of other investigations and especially in 
the underlying crystalline basement and older Coastal Plain formations.  The staff reviewed 
cross sections (Benson 2006), the structure contour map of Edwards and Hansen (1979) and 
the geologic map of Higgins and Conant (1986, 1990) and concludes that there is no indication 
of faulting at the crystalline basement contact with the older Coastal Plain formations in the 
cross sections.  The staff further concludes that there is no indication of a fault or change in 
regional dip in the structure contour data from Edwards and Hansen, and there is no evidence 
of a fault in the geologic mapping of Higgins and Conant. 

The staff also reviewed LiDAR data along the northeast projection of the inferred fault and 
concludes that there is no obvious fault scarp morphology in these data.  Furthermore, the staff 
concludes that there is no published information that associates seismicity with the inferred fault 
and there are no earthquake epicenters aligned with the fault. 

Based on the published literature and the staff's review of the data the COL applicant provided, 
the staff concludes that the COL applicant provided a thorough and accurate accounting of all 
information available.  All these data sources taken together support a reasonable assurance 
conclusion that it is unlikely that a buried fault exists in the northern CB.  Finally, since there is 
no information associating seismicity with the inferred fault and there are no aligned earthquake 
epicenters, the staff concludes that if it exists, the postulated fault is not a capable tectonic 
source.  Therefore, the staff considers RAI 219, Question 02.05.01-67 resolved. 
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Chesapeake Bay Impact Structure 

In COL FSAR Section 2.5.1.1.4.4 and Section 2.5.1.1.4.4.4, the staff reviewed information about 
the Eocene Chesapeake Bay Impact Structure (CBIS) that is located near the mouth of the 
Chesapeake Bay, about 97 km (60 mi) south of the CCNPP site.  This feature was discovered in 
1993.  

In RAI 71, Question 02.05.01-13, the staff asked the COL applicant to explain if any 
seismograph networks monitored for seismicity on the CBIS.  In a May 1, 2009, response, the 
COL applicant stated that it conducted a comprehensive review of geologic, seismologic, and 
geophysical information to determine if there is any new information or data that would effect 
seismic source characterizations developed in COL FSAR Section 2.5.2. The staff examined the 
seismicity map of the CCNPP site region, and concludes that in the area of the CBIS only 
background seismicity is present.  The staff also notes that there are no known 
paleoliquefaction features in the region that could be attributed to strong ground motions in the 
CBIS (see the evaluation of RAI 71, Question 02.05.01-28, in Section 2.5.1.4.2.6.2 of this 
report).  The staff concludes that the CBIS is not a capable tectonic source because of a lack of 
reported paleoliquefaction sites within the state of Maryland and because of a lack of associated 
seismicity with the CBIS.  Accordingly, the staff considers RAI 71, Question 02.05.01-13 
resolved. 

Stafford Fault System 

In COL FSAR Section 2.5.1.1.4.4.4.1, the staff reviewed information about the Stafford Fault 
system, which is a set of northeast striking faults located 76 km (47 mi) southwest of the 
CCNPP site.  The COL applicant concluded, based on previous field investigations (Dames and 
Moore, 1973; Dominion, 2004a), that the youngest identifiable fault movement on any of the 
four primary faults comprising the Stafford fault system is early Miocene (16.4 Ma) in age. 

In RAI 130, Question 02.05.01-45, the staff asked the COL applicant to identify the individual 
faults of the Stafford fault system (SFS) and to provide a more detailed map to support the 
conclusion that the most recent movement in the system was pre-middle Miocene.  In a [date], 
response to RAI 130, Question 02.05.01-45, the COL applicant explained that the SFS includes 
five faults:  (1) the Dumfries; (2) Fall Hill; (3) Brooke; (4) Hazel Run faults; and (5) one unnamed 
fault southeast of the Hazel Run fault.  The COL applicant provided additional figures in support 
of the COL FSAR text. 

The staff reviewed the relevant publications and the additional information provided by the COL 
applicant about the SFS and finds that most research concludes faulting ceased during the 
Miocene (24 to 5.3 Ma), including (1) the Hazel Run fault does not deform the Miocene Calvert 
Formation  or overlying gravels (Mixon and Newell, 1978); (2) the Dumfries fault does not 
deform Calvert Formation (Dominion, 2004a), and (3) the Stafford fault system  does not deform 
the Thornburg scarp, the latest Miocene shoreline (Mixon and Newell, 1978).  The COL 
applicant stated that there are two instances of younger faulting:  a single outcrop on the Hazel 
Run fault and one on the Fall Hill faults.  The staff concludes, after reviewing Mixon and Newell 
(1978) that in both cases faulting is not found in overlying, younger Miocene or Pliocene units. 

The staff reviewed Mixon and Newell (1982), Mixon, et al. (2000), and the North Anna ESP 
(Dominion (2004a) and concludes that the Fall Hill fault is constrained to the Pliocene based on 
a trench study that exposed undeformed Pliocene upland gravel contacts overlying the fault.  
The staff also concludes that no faulting younger than the early Miocene occurred on the 
Brooke fault.  Finally, the staff finds that the age of the unnamed fault south of the Hazel Run 
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fault is constrained to pre-Pleistocene because Pleistocene units along the Rappahannock 
River that overlie the fault are unfaulted.  Based on these publications, the staff notes that the 
Stafford fault system is most likely an early Miocene age (16.4Ma).  However, new research on 
the Stafford fault system (Powars, et al., 2010) indicates that the fault offsets Pleistocene 
terrace deposits.  The COL applicant stated that the interpretation of these offsets as tectonic is 
equivocal because the offsets are so small and, therefore, the conclusions of Powars, et al., 
(2010) are speculative.  The COL applicant thus concluded that the Stafford fault system is not 
a capable tectonic source.  In follow-up RAI 385, Question 02.05.01-72, the staff requested that 
the COL applicant discuss the specific evidence provided by Powars, et al., about the fault and 
justify how the dimensions of fault offset render the interpretation equivocal.  The staff asked the 
COL applicant to provide the basis for a conclusion that the SFS does not impact site suitability 
or design basis.  Follow-up RAI 385, Question 02.05.01-72 is being tracked as an open item. 

National Zoo Faults 

The COL applicant described the National Zoo Faults, located within 76 km (47 mi) of the 
CCNPP site as Mesozoic reverse faults reactivated during the Pliocene (5.3 to 1.8 Ma).  These 
faults cross cut the mapped trace of the Rock Creek shear zone.  Recent work by 
Southwood, et al. (2007), suggests that some discrete younger thrust faults near the National 
Zoo, place crystalline rock against Tertiary and Quaternary sediments.  The COL applicant 
stated that additional studies are planned by the USGS to further investigate the age of 
deformation and lateral continuity of the faults but concluded that the faults were not a capable 
tectonic source because of a lack of associated seismicity. 

The staff notes that crystalline basement rock in fault contact with Quaternary age sediments 
indicates the fault is potentially Quaternary age.  The staff also notes that geologically young 
faults are considered in the safety review for their impact on the PSHA in COL FSAR 
Section 2.5.2.  In RAI 385, Question 02.05.01-73, the staff asked the applicant to include this 
set of faults in the list of potential Quaternary faults within the 322 km (200 mi) radius of the 
CCNPP and provide the basis that supports a conclusion that the National Zoo faults or 
associated Rock Creek faults do not impact site suitability or design basis.  RAI 385, 
Question 02.05.01-73 is being tracked as an open item. 

Conclusions 

Based on its review of the COL applicant's responses to RAI 71, Questions 02.05.01-13, 
02.05.01-18, 02.05.01-19, 02.05.01-27, 02.05.01-32, 02.05.01-50, and RAI 219, 
Question 02.05.01-67 regarding Tertiary faults in the site region, and the proposed revisions to 
COL FSAR Section 2.5.1.1.4.4.4, the staff concludes that the COL applicant provided a 
thorough and accurate description of regional Tertiary tectonic structures in support of the 
COLA.  The staff further concludes, based on its review of the current research on these 
structures and the COL applicant's responses to RAIs, that none of these tectonic structures are 
known to be Quaternary aged (with the possible exception of the Stafford fault system) and, 
therefore, are not considered to be capable tectonic sources. 

However, RAI 385, Question 02.05.01-72, regarding additional new information about the 
Stafford fault system and RAI 385, Question 02.05.01-73 with respect to the National Zoo 
faults are being tracked as open items.  Therefore staff is unable to finalize the conclusions 
relating to all identified Tertiary faults in compliance with 10 CFR 100.23 and 10 CFR 52.79, in 
accordance with regulatory requirements. 
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Quaternary Structures 

The COL applicant identified 17 potential Quaternary features within the 320-km (200-mi) radius 
of the CCNPP site region from the Crone and Wheeler compilation papers (2000, 2005, 2006) 
(shown in Figure 2.5.1-2 of this report).  Only 1 out of the 17 potential Quaternary features is a 
Class A feature; the paleoliquefaction features within the Central Virginia Seismic Zone (CVSZ).  
All the others are class C.  Crone and Wheeler (2000) and Wheeler (2005) evaluated and 
classified potential Quaternary features into four categories (Class A, B, C, and D) based on 
strength of evidence for Quaternary activity. 

All the potential Quaternary features in the CCNPP site region are described in 
Section 2.5.1.2.1.4.4 of this report, under Quaternary Tectonic Features. The staff asked RAIs 
on the Fall lines of Weems and the Central Virginia Seismic Zone and those evaluations are 
reported in this section. 

Fall Lines of Weems 

In COL FSAR Section 2.5.1.1.4.4.5.1, the COL applicant provided information about the Fall 
Lines of Weems.  The COL applicant cited the conclusion made by Dominion (2004b) 
discounting the existence of neotectonic features associated with the northern extent of the fall 
lines.  In RAI 130, Question 02.05.01-51, the staff asked the COL applicant to provide details 
about how this conclusion impacts the CCNPP site. 

In an October 2, 009, response to RAI 130, Question 02.05.01-51, the COL applicant stated that 
Weems (1998) located zones of rapids or falls on streams in North Carolina and Virginia with a 
defined NE alignment across several stream systems sub-parallel to the structural grain of the 
Appalachians.  The COL applicant reported that Dominion (2004b) evaluated two of Weems’ fall 
line correlation features:  the Tidewater and Central Piedmont Fall Line. 

The staff reviewed Weems (1998), the Dominion (2004b) report, and NUREG-1835, “Safety 
Evaluation Report for an Early Site Permit (ESP) at the North Anna ESP Site,” in conjunction 
with the COL applicant's response.  The staff notes that Dominion (2004b) plotted elevations at 
the base of a late Pliocene marine sand unit which caps relatively flat, accordant summit 
surfaces north and south of the Rappahannock River, up and downstream of Fredericksburg, 
VA and concluded that these data define an east-sloping surface with a constant gradient over 
the Tidewater fall zone, without a deflection or offset down to the east.  Based on the gentle 
river profile gradient through the Petersburg granite and the adjacent Coastal Plain Potomac 
Formation, the staff concludes that the Tidewater fall line is caused by an erosional contrast 
between rock types rather than a tectonic process.  The staff also notes that the Piedmont Fall 
Line, as expressed on the Rappahannock River, correlates with a lithologic change as well from 
softer Triassic basin rock to erosion resistant diabase and metamorphic rock. 

In NUREG-1835, the staff concluded that differential erosion resulting from variable bedrock 
hardness is a more plausible explanation than Quaternary tectonism for the fall lines of Weems.  
The staff further noted 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 drawn 
this conclusion. 

The staff concludes that the COL applicant provided a thorough and accurate description of 
Weems’ interpretation and provided sufficient basis for discounting the likelihood of a tectonic 
origin for their formation.  Weems concluded that the cause of the falls was due to tectonic uplift, 
although he never provided direct evidence supporting a tectonic origin.  The staff finds that a 
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lack of consistent criteria has made it impossible for other researchers to independently 
reproduce the NE trending linear correlations of fall lines from one stream to another across the 
region.  Therefore, the staff concludes that the fall lines are not likely a tectonic structure.  
Accordingly, the staff considers RAI 130, Question 02.05.01-51 resolved. 

Seismic Sources defined by Regional Seismicity 

In COL FSAR Section 2.5.1.1.4.5, information is provided about two seismic sources of small to 
moderate earthquakes within 320 km (200 mi) of the CCNPP site, the Central Virginia and the 
Lancaster seismic zones. 

Central Virginia Seismic Zone (Class A) 

In COL FSAR Section 2.5.1.1.4.5.1, the COL applicant described the Central Virginia Seismic 
Zone (CVSZ) located 75 to 99 km (47 to 62 mi) southwest of the CCNPP site (Shown in 
Figure 2.5.1-3 of this report) as a zone of shallow, persistent low level seismicity.  The 2011 
Mineral, VA magnitude 5.8 earthquake is the largest earthquake to have occurred in this seismic 
zone and new research is reported in the literature pertaining to the geologic and tectonic 
aspects of the CVSZ and the Mineral earthquake.  The staff notes that northeast trending faults 
in the region are currently being re-evaluated by geologists (Spears, 2012; Horton. et al., 2012; 
Harrison, 2012; Harrison, et al., 2011; Hughes and Hibbard, 2012) following the Mineral, VA 
earthquake as potential sources of the Mineral, VA earthquake.  The applicant provided 
information in supplemental COL FSAR Revision 8, November 2012, about some of these new 
works including independently identified liquefaction sites by two groups and ongoing studies to 
link the earthquake and aftershocks to specific faults in the area.  Since the earthquakes of the 
CVSZ are relatively shallow, geologists point out that the earthquakes are likely located above 
the regional orogenic decollemont, and surface geology might have a direct structural 
pertinence to the earthquakes.  The staff also notes that northeast trending Quaternary faults 
are consistent with the local, maximum horizontal stress direction as reported by Mazzotti and 
Townend, 2010, who report that the CVSZ has a statistically significant 48 degree clockwise 
rotation between the regional and the local stress directions.  In RAI 385, Question 02.05.01-74, 
the staff asked the COL applicant to expand and integrate the discussion of recent liquefaction 
sites and the paleoliquefaction sites of Obermeier and McNulty (1998) to the CVSZ.  The staff 
asked the COL applicant to expand and integrate the discussion of the current geologic 
mapping of surface faults that might be linked to the Mineral, VA earthquake.  The staff also 
asked the COL applicant to include various figures to aid the discussion of the tectonic setting.  
Finally, the staff asked the COL applicant if the new information requires any updates to the 
regional seismic source model defined in NUREG-2115, as it does not have the CVSZ as a 
separate seismic zone.  RAI 385, Question 02.05.01-74 is being tracked as an open item.  
Therefore staff is unable to finalize conclusions related to the Central Virginia Seismic zone 
under Quaternary structures in the site region in compliance with 10 CFR 100.23 and 
10 CFR 52.79, in accordance with regulatory requirements. 

2.5.1.4.1.4 Staff Conclusions on Regional Geology and Tectonic Setting 

Since there are five open items in Section 2.5.1.4.1.2 of this report, at this time the staff is 
unable to make a final safety conclusion on this material. 

2.5.1.4.2 Site Area Geology 

The staff focused its review of COL FSAR Section 2.5.1.2 on the descriptions provided of the 
physiography, geomorphology, geologic history, stratigraphy, structural geology, geologic 
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hazard evaluation and engineering geology evaluation within the 8-km (5-mi) radius site area, 
as well as the 40-km (25-mi) radius site vicinity.  The following subsections discuss the staff's 
evaluation of the information provided in COL FSAR Section 2.5.1.2 and in the COL applicant's 
responses to RAIs. 

2.5.1.4.2.1 Site Area Physiography and Geomorphology 

In COL FSAR Section 2.5.1.2.1, the COL applicant stated that the CCNPP site lies within the 
Western Shore Uplands of the Atlantic Coastal Plain Physiographic Province and is bounded by 
the Chesapeake Bay to the east and the Patuxent River to the west.  The staff reviewed COL 
FSAR Section 2.5.1.2.1 and notes that most of the site vicinity is underlain by gently dipping 
Tertiary deposits, and the youngest deposits of Quaternary to recent age are mapped along 
streams and estuaries in alluvium beach deposits and terrace deposits.  Based on its review of 
COL FSAR Section 2.5.1.2.1, integrated with the review of COL FSAR Section 2.5.1.1.1, the 
staff concludes that the COL applicant provided a thorough and accurate description of the 
CCNPP site physiography and geomorphology in support of the COLA.  Furthermore, during the 
February 24-25, 2009, site audit, the staff directly observed many of the characteristics 
described by the COL applicant in the COL FSAR as well as descriptions of the CCNPP area in 
the published literature. 

2.5.1.4.2.2 Site Area Geologic History 

In COL FSAR Section 2.5.1.2.2, the staff reviewed information about the geologic history of the 
site area.  Based on its review of COL FSAR Section 2.5.1.2.2, COL FSAR Section 2.5.1.2.1, 
and the relevant literature, the staff concludes that the COL applicant provided a thorough and 
accurate description of the site geologic history that reflects the current literature and state of 
knowledge and supports the COLA. 

2.5.1.4.2.3 Site Area Stratigraphy 

COL FSAR Section 2.5.1.2.3 describes stratigraphy underlying the CCNPP site area.  The staff 
notes that the CCNPP site is located on Coastal Plain sediments ranging in age from Lower 
Cretaceous (145 to 99 Ma) to Holocene.  Coastal Plain sediments in the site area are greater 
than 240 m (789 ft) thick based on the deepest bore hole at the site (CA-Ed22) that penetrated 
the Tertiary/Cretaceous boundary.  The staff reviewed COL FSAR Section 2.5.1.2.3, in 
conjunction with the regional stratigraphy (COL FSAR Section 2.5.1.1.3).  In addition, the staff 
independently reviewed several relevant published works addressing the Coastal Plain 
stratigraphy in the site vicinity, namely the works of Kidwell, 1997; Pazzaglia, 1993; 
Newell, et al., 2004; McCarten et al., 1995; Gernant, 1970; Jacobeen, 1972; Hansen and 
Wilson, 1984; and Hansen and Edwards, 1986.  Based on the staff's review of the available 
literature and in consideration of information presented by the COL applicant, the staff 
concludes that the COL applicant provided a thorough and accurate description of the site area 
stratigraphy in support of the COLA.  The staff was also able to corroborate the shallowest 
portion of site stratigraphy during the February 24-25, 2009, site safety audit field visit to the 
Calvert Cliffs, beside the western shore of the Cheasapeake Bay. 

2.5.1.4.2.4 Site Area Geologic Structures 

The COL applicant described the local structural geology of the CCNPP site in COL FSAR 
Section 2.5.1.2.4.  The COL applicant concluded that the only potential structural features within 
the 40 km (25 mi) CCNPP site vicinity consist of two inferred east-facing monoclines developed 
within Mesozoic and Tertiary deposits along the western shore of Chesapeake Bay 
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(McCartan, 1995), and multiple subtle folds or inflections in Miocene strata and a postulated 
fault directly south of the site (Kidwell, 1997).  There are no known faults within the CCNPP site 
area perimeter of 8 km (5 mi), with the exception of the poorly constrained, buried Hillville fault 
that lies along the northwestern boundary of the site (Hansen, 1986). 

The staff reviewed the information about these structural features provided in the COL FSAR 
and in the COL applicant's responses to several Questions (RAI 71, Questions 02.05.01-18, 
02.05.01-27, 02.05.01-32, and RAI 130, Question 02.05.01-50).  In addition, the staff reviewed 
the original published papers (Kidwell, 1997; McCartan, 1995; Hansen 1986) and visited the site 
of Kidwell's interpreted fault at Moran Landing during the February 24-25, 2009, site safety 
audit.  The staff provided their evaluation of these features in this report, in the section on 
Tertiary Structures under the Regional Geology, Section 2.5.1.4.1. 

The staff concludes that none of these features is a capable tectonic source, nor presents a 
surface faulting hazard.  The staff finds that the description of the CCNPP site area geologic 
structures provided in COL FSAR Section 2.5.1.2.4 meets the requirements of 10 CFR 52.79 
and 10 CFR 100.23. 

2.5.1.4.2.5 Site Geologic Hazard Evaluation 

Based upon its review of COL FSAR Section 2.5.1.2.5 and the geologic data available for the 
CCNPP site, in conjunction with all the information presented in COL FSAR Section 2.5.1, and 
review of the current literature, and the COL applicant's response to several RAIs, the staff finds 
that there is no evidence of geologic hazards, zones of deformation, dissolution, or shoreline 
erosion or flooding impacting the CCNPP site. 

2.5.1.4.2.6 Site Engineering Geology  

In COL FSAR Section 2.5.1.2.6, the staff reviewed the site engineering geology, including the 
topics of engineering soil properties, zones of alteration, weathering and structural weakness, 
deformation zones, prior earthquake effects, effects of human activities and site groundwater 
conditions at the CCNPP site.  The COL applicant stated that the engineering soil properties are 
provided in COL FSAR Section 2.5.4. 

2.5.1.4.2.6.1 Deformational Zones 

The COL applicant stated that there were no deformation zones encountered in the excavation 
for CCNPP Units 1 and 2 and none were encountered in the site investigation for Unit 3.  The 
COL applicant acknowledged that excavation mapping is required during construction and that 
any deformation zones will be evaluated and assessed for potential to deform the surface or for 
impact to the PSHA.  The COL applicant additionally stated that the NRC will be notified when 
excavations are open for inspection. 

Based on the uncertainty of the presence or absence of a fault inferred by Kidwell (1997) within 
several miles of the CCNPP site, the staff proposes that the COL applicant specifically commit 
to conducting detailed geologic mapping of excavations for safety-related structures based on 
RG 1.208; evaluating any geologic features discovered; and notifying the NRC once any 
excavations for safety-related structures are open for the staff to examine.  The staff identified 
these commitments as License Condition 2.5.1-1 as specified in Section 2.5.1.5 of this report. 
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2.5.1.4.2.6.2 Prior Earthquake Effects 

The COL applicant stated in COL FSAR Subsection 2.5.1.2.6.4 that there is no evidence of 
earthquake-induced liquefaction in the state of Maryland.  In RAI 71, Question 02.05.01-28, the 
staff asked the COL applicant to provide details of their geologic investigation for the CCNPP 
site for potential liquefaction features.  In an April 15, 2009, response the COL applicant stated 
that the scope of its liquefaction investigations included a review of existing literature for the 
area, interviews with researchers of Quaternary geology, aerial and field reconnaissance along 
terraces of the Potomac, Patuxent Rivers, and Rappahannock Rivers, field reconnaissance of 
Quaternary fluvial deposits inset into the Calvert Cliffs and across the Delmarva Peninsula, and 
a review of aerial photography. 

The staff concludes, based on review of the COL applicant’s field work with respect to both 
features examined and the geographic extent of the field reconnaissance, that the investigation 
to discover potential liquefaction sites was thorough and complete.  The staff concludes that 
there is no evidence of earthquake-induced liquefaction in the state of Maryland.  Accordingly, 
the staff considers RAI 71, Question 02.05.01-28 resolved. 

2.5.1.4.2.6.3 Staff Conclusions Regarding the Site Engineering Geology Evaluation   

Based upon its review of COL FSAR Section 2.5.1.2.6, in conjunction with review of related 
topics throughout COL FSAR Section 2.5.1, and COL applicant's response to RAIs, the staff 
concludes that the COL applicant provided an accurate evaluation of the site engineering 
geology in support of the COLA. 

2.5.1.5 Post Combined License Activities 

The staff identified the following licensing condition as the responsibility of the COL licensee.  
This License Condition relates to geologic mapping of both tectonic and non-tectonic surface 
deformation features at the site. 

License Condition 2.5.1-1 the licensee shall (1) perform detailed geologic mapping of future 
excavations for CCNPP Unit 3 nuclear island structures; (2) examine and evaluate geologic 
features discovered in excavations for safety-related structures other than those for Unit 3 
nuclear island; and (3) notify the Director of the Office of New Reactors, or the Director's 
designee, once excavations for CCNPP Unit 3 safety-related structures are open for 
examination by NRC staff. 

2.5.1.6 Conclusions 

The staff reviewed the COLA and checked the referenced design certification FSAR.  The staff's 
review confirmed that the COL applicant addressed the required information regarding to the 
basic geologic and seismic information expected to be addressed in the COL FSAR related to 
this subsection.  However, because there are five open items (RAI 385, Questions 02.05.01-70 
through 02.05.01-74) the staff expects to address additional information in the COL FSAR 
related to Section 2.5.1. Therefore the staff is unable to finalize the conclusions relating to 
compliance with 10 CFR 100.23 and 10 CFR 52.79 for COL FSAR Section 2.5.1, in accordance 
with the regulatory requirements. 
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Figure 2.5.1-2 Potential Quaternary Features in the Site Region 
(taken from COL FSAR, Revision 8, Figure 2.5-31)  
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Figure 2.5.1-3 Regional Seismicity Map 
(taken from COL FSAR, Revision 8, Figure 2.5-52) 
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Figure 2.5.1-5 Map Showing Location of the Hillville Fault and Other Faults in Site Vicinity 
(taken from COL FSAR, Revision 8, Figure 2.5-25)  
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Figure 2.5.1-6 CCNPP Site Specific Stratigraphic Column 
(taken from COL FSAR, Revision 8, Figure 2.5-36) 



2-
51

 

    

F
ig

u
re

 2
.5

.1
-7

 M
cC

ar
te

n
 e

t 
al

 (
19

95
) 

In
te

rp
re

te
d

 M
o

n
o

cl
in

e 
ac

ro
ss

 t
h

e 
C

h
es

ap
ea

ke
 B

a
y 

(t
ak

en
 f

ro
m

 C
O

L
 F

S
A

R
, R

ev
is

io
n

 8
, F

ig
u

re
 2

.5
-4

0)
 



2-
52

 

 

                   

F
ig

u
re

 2
.5

.1
-8

 N
R

C
, U

S
G

S
, a

n
d

 A
p

p
lic

an
t 

G
eo

lo
g

is
ts

 a
t 

M
o

ra
n

 L
an

d
in

g
 d

u
ri

n
g

 t
h

e 
C

C
N

P
P

 S
it

e 
S

af
et

y 
A

u
d

it
 

(F
eb

ru
ar

y 
2

4-
25

, 2
00

9)
 



2-53 

Joint face 

Weathered 
joint 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5.1-9 Two Photos of Joint Sets in the Cliff Face at Moran Landing that may 
Correspond to Linear Stream Valleys that Intersect Calvert Cliffs 

 
[Note:  The bottom photo shows the weathering rind immediately adjacent to the joint surface.]
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2.5.2 Vibratory Ground Motion 

2.5.2.1 Introduction 

The vibratory ground motion is evaluated based on seismological, geological, geophysical, and 
geotechnical investigations carried out to determine the site-specific GMRS, which must meet 
the regulations for the SSE provided in 10 CFR 100.23.  The GMRS is defined as the free-field 
horizontal and vertical ground motion response spectra at the plant site.  The development of 
the GMRS is based upon a detailed evaluation of earthquake potential, taking into account the 
regional and local geology, Quaternary tectonics, seismicity, and site-specific geotechnical 
engineering characteristics of the site subsurface material.  The specific investigations 
necessary to determine the GMRS include the seismicity of the site region and the correlation of 
earthquake activity with seismic sources.  Seismic sources are identified and characterized, 
including the rates of occurrence of earthquakes associated with each seismic source.  Seismic 
sources that have any part within 320 km (200 mi) of the site must be identified.  More distant 
sources that have a potential for earthquakes large enough to affect the site must also be 
identified.  Seismic sources can be capable tectonic sources or seismogenic sources.  The 
review covers the following specific areas:  (1) Seismicity,;(2) geologic and tectonic 
characteristics of the site and region; (3) correlation of earthquake activity with seismic sources; 
(4) probabilistic seismic hazard analysis and controlling earthquakes; (5) seismic wave 
transmission characteristics of the site; (6) site-specific ground motion response spectrum; and 
(7) any additional information requirements prescribed within the “Contents of Application” 
sections of the applicable Subparts to 10 CFR Part 52. 

2.5.2.2 Summary of Application 

COL FSAR Section 2.5.2 incorporates by reference U.S. EPR FSAR Tier 2, Revision 4, 
Section 2.5.2. 

In addition, in COL FSAR Section 2.5.2, the COL applicant provided supplemental, site-specific 
information to address the following:  

COL Information Items 

• COL Information Item 2.5-2 from U.S. EPR FSAR Tier 2, Revision 4, Table 1.8-2. 

A COL applicant that references the U.S. EPR design certification will review and 
investigate site-specific details of seismic, geophysical, geological, and 
geotechnical information to determine the safe shutdown earthquake (SSE) 
ground motion for the site and compare site-specific ground motion to the 
Certified Seismic Design Response Spectra (CSDRS) for the U.S. EPR. 

• COL Information Item 2.5-3 from U.S. EPR FSAR Tier 2, Revision 4, Table 1.8-2. 

A COL applicant that references the U.S. EPR design certification will compare 
the final strain-dependent soil profile with the U.S. EPR design soil parameters 
and verify that the site-specific seismic response is enveloped by the CSDRS 
and the soil profiles discussed in Sections 2.5.2, 2.5.4.7 and 3.7.1 and 
summarized in Table 3.7.1-6, Table 3.7.1-8 and Table 3.7.1-9. 
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2.5.2.2.1 Seismicity 

COL FSAR Section 2.5.2.1 states that the COL applicant used the most recent earthquake 
catalog published as part of NUREG 2115, “Central and Eastern United States Seismic Source 
Characterization for Nuclear Facilities,” in its seismic hazard assessment at the CCNPP Unit 3 
site.  The NUREG-2115 earthquake catalog covers earthquakes in the CEUS region from 1568 
through 2008.  Figure 2.5.2-1 in this report shows the seismicity of the CCNPP site region and 
its surroundings.  The COL applicant stated that a qualitative examination of earthquakes 
occurring since 2008 indicated consistent seismicity patterns.  However, the COL applicant 
indicated that there was a significant earthquake that occurred since 2008, the Mineral, VA 
earthquake with a magnitude of M5.8 that occurred on August 23, 2011.  In COL FSAR Section 
2.5.2.1.2, “Additional Significant Earthquakes,” the COL applicant discussed the August 2011, 
Mineral, VA earthquake and its impact on the regional seismic model and model parameters.  In 
addition, the COL applicant discussed key seismic sources in the site region, such as the 
Central Virginia Seismic Zone, Lancaster Seismic Zone, and the zone of the earthquake swarm 
of 1993, in Howard County, MD. 

Regarding the August 23, 2011, Mineral, VA earthquake, the COL applicant stated that it was a 
magnitude M5.8 earthquake that occurred at a depth of 6 km (3 mi) in the Central Virginia 
Seismic Zone.  The earthquake occurred on a thrust fault system with a strike of N28E and on a 
50 degree dipping zone.  The COL applicant stated that this earthquake is the largest 
earthquake in the CVSZ.  Prior to this earthquake, the largest known earthquake was the 
earthquake of 1875 with a magnitude of M4.77.  In the instrumental era, the largest observed 
earthquake was an earthquake of M4.3.  The COL applicant stated that although the Mineral, 
VA earthquake occurred after the completion of the work done for the development of the CEUS 
Source Characterization model, such an earthquake is consistent with the source models 
developed for the region.  All the seismic sources of the CEUS-SSC model that include this 
earthquake have maximum magnitudes that are well above this earthquake’s magnitude.  While 
the COL applicant stated that the CEUS-SSC model seismic sources’ maximum magnitudes are 
estimated based on the observed earthquakes’ magnitudes, if taken into account, this 
earthquake would impact the Mmax estimations only very slightly.  The COL applicant also 
discussed the Mineral, VA earthquake’s potential impact on the seismicity rates used in the 
PSHA calculations.  Even though the COL applicant indicated that the earthquake recurrence 
rates would increase in the vicinity of the earthquake if used in the recurrence calculations, the 
anticipated impact on the calculated hazard at the CCNPP site, which is about 140 km (87 
miles) away, would be within the uncertainty of the mean hazard calculations discussed in 
NUREG-2115, Chapter 9.4.  In conclusion, the COL applicant stated that the Mineral, VA 
earthquake is adequately characterized by the CEUS-SSC model. 

With regards to potential updates to the CEUS-SSC model due to local seismic zones in the 
CCNPP site region, the COL applicant stated that CVSZ has probably not produced any 
earthquakes larger than M7.0 within the past 2,000 to 3,000 years in its central portion, and for 
the past 5000 years in its eastern portion based on published liquefaction data and 
observations.  Regarding the other local seismic source in the site region, the Lancaster 
Seismic Zone (LSZ), the COL applicant stated that during the development of the CEUS-SSC 
model, this source was considered and evaluated; therefore, there is no need to update the 
CEUS source model.  In addition, the COL applicant stated that in the development of the 
CEUS-SSC model, the Howard County earthquake swarm was not explicitly considered due to 
the small magnitudes of these earthquakes that took place in this zone.  The COL applicant 
stated, however, that the maximum magnitudes assigned to those seismic sources 
incorporating the area of the earthquake swarm are significantly larger than the small 
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earthquakes’ magnitudes observed in this region.  Therefore, this earthquake swarm sequence 
does not require any updates to the CEUS-SSC model. 

 
 

 

 

 

 

 

 

 

Figure 2.5.2-1 Seismicity of the Site Region of the CCNPP Unit 3 
(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 

and 345; Figure 2.5-46) 
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2.5.2.2.2 Geologic and Tectonic Characteristics of the Site and Region 

COL FSAR Section 2.5.2.2 describes the seismic sources and seismic model parameters that 
the COL applicant used to calculate the seismic ground motion hazard at the CCNPP Unit 3 
site.  The COL applicant used the NUREG-2115 regional seismic source characterization model 
developed for the CEUS region as a starting point for its seismic ground motion hazard.  The 
NUREG-2115 seismic source model was developed over 3 years and published in 
January 2012.  The model development followed the Senior Seismic Hazard Analysis 
Committee (SSHAC) Level 3 procedures as outlined in NUREG/CR-6372, “Recommendations 
for Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty and Use of Experts.”  It is a 
regional seismic source model to be used as a starting model in seismic hazard calculations for 
nuclear facilities in the CEUS region.  The COL applicant stated that it concluded a review of the 
CEUS-SSC model to identify which seismic sources are relevant to the assessment of seismic 
hazard at the CCNPP Unit 3 site and whether there is a need to update any of the seismic 
sources.  Based on its review results, the COL applicant stated that the regional model as 
published is adequate for use in seismic hazard calculations for the CCNPP Unit 3 site.  The 
following describes a summary of the CEUS-SSC model and the source selection process the 
COL applicant used. 

Summary of the NUREG-2115 Seismic Source Model 

The COL applicant stated that the CEUS-SSC model described in NUREG-2115 contains 
two types of seismic sources:  Distributed seismicity sources and repeated large magnitude 
earthquake sources (RLME).  While the distributed seismicity sources were developed based on 
available earthquake locations and regional geologic/tectonic characterizations, the RLME 
sources are based on geologic and paleo-earthquake records.  The RLME sources describe the 
zones where the occurrence of repeated (two or more) large magnitude earthquakes (M>6.5) 
are documented. 

The CEUS-SSC model categorizes the distributed seismicity sources into two subgroups:  Mmax 
zones and seismotectonic zones.  These subgroups represent uncertainties in source 
characterizations and differences of opinions in seismic source identification in this region. In 
hazard estimates, the Mmax and seismotectonics sources are weighted by 40 percent and 
60 percent, respectively, to determine their contributions to the total seismic hazard at the site.  
The Mmax zones are broad seismic sources identified based on limited tectonic information and 
represent potential seismic sources of future earthquakes.  The seismotectonic sources are 
those developed by extensive analyses of regional geology, tectonics, and seismicity in the 
CEUS region.  Both the Mmax and the seismotectonics zones also include alternative source 
geometries, accommodating inherent uncertainty in seismic source characterization. 

The COL applicant stated that it used the following four alternative seismic source 
configurations for the Mmax zones: the Study Region, MESE-W, MESE-N and NMESE-N.  All 
other Mmax sources are outside the 320 km (200 mi) site region and the COL applicant did not 
use them.  The Study Region is the largest seismic source in the CEUS model, and it 
represents the entire area of the CEUS region.  MESE and NMESE represent regions in which 
Mesozoic-aged tectonic extension took place (MESE) or did not (NMESE).  The MESE-W, 
NMESE-N, and MESE-N represent alternative configurations of these two overall classifications.  
Narrow “N” or wide “W” extensions represent varying alternative geometries of these sources. 
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Figure 2.5.2-2 Map Showing the CEUSS-SSC Seismotectonics Model Used in the CCNPP 
Seismic Hazard Calculations 

(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 
and 345; Figure 2.5-50) 

[Note:  The source configuration shown is one of the four alternative models.]  
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Figure 2.5.2-3 Map Showing the Repeated Large Magnitude Earthquake Sources (RLMEs) 

used in the CCNPP Seismic Hazard Calculations 
(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 

and 345; Figure 2.5-54)  
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Among the seismotectonics sources described in the CEUS SSC model, the COL applicant 
identified the following sources to be essential in the seismic hazard calculations for the CCNPP 
Unit 3 site:  Atlantic Highly Extended Crust (AHEX); Extended Continental Crust-Atlantic Margin 
Zone (ECC-AM); Paleozoic Extended Crust Zone (PEZ); and Midcontinent-Craton Zone (MidC).  
These are the seismotectonic sources that are at least partially within the 320 km (200 mi) site 
region radius (Figure 2.5.2-2 in this report).  The COL applicant stated that the AHEX seismic 
source, representing the highly extended continental crust between the oceanic crust in the east 
and the extended continental crust in the west, is more than 160 km (100 mi) away from the 
CCNPP Unit 3 site.  Due to its low seismicity and distance from the site, this source does not 
contribute significantly to the total seismic hazard at the site.  The ECC-AM seismic source is 
the host zone for the CCNPP Unit 3 site.  The COL applicant stated that this source is the 
primary contributor to the seismic hazard, especially in the high-frequency range.  The third 
seismotectonic zone used, PEZ, represents the seismic zone in the western part of the CCNPP 
site region.  The western boundary of this zone, however, is not well constrained.  Therefore, 
the CEUS SSC model has two alternative source geometries for this source, PEZ-W and 
PEZ-N.  The first one represents the wide zone geometry and the second one is the narrow 
zone geometry.  The COL applicant stated that the last seismotectonic zone, MidC is a large 
areal zone, encompassing the regions of the continental interior.  Tectonically, MidC represents 
the region where very little no significant tectonic deformation took place in the past several 
hundred million years.  Since the MidC zone boundaries are also uncertain, this zone is defined 
by four alternatives:  MidC-A; MidC-B; MidC-C; and MidC-D.  The COL applicant stated that 
only MidC-A and MidC-B configurations are within the 320 km (200 miles) site radius and the 
other two are outside the site region and, therefore, not used in the seismic hazard calculations. 

The COL applicant stated that it used the earthquake recurrence rates published as part of the 
NUREG-2115 CEUS-SSC model for all seismic sources it selected.  The recurrence rates 
provided in the CEUS SSC model include a variety of alternatives developed by taking into 
account uncertainties in earthquakes’ magnitudes and locations.  In addition, the CEUS model 
also includes two sets of earthquake recurrence rates.  The COL applicant stated that it used 
the recurrence rates developed for a minimum magnitude of M5.0 in its seismic hazard 
calculations.  The other alternative, not used by the COL applicant, provides earthquake 
recurrence rates developed for a minimum magnitude of M4.0 in seismic hazard calculations.  
This alternative is to be used when Cumulative Average Velocity (CAV) filtering is used in 
seismic hazard calculations.  The COL applicant stated that it did not use CAV filtering in 
seismic hazard calculations; however, it used the earthquake rates developed for a minimum 
magnitude of M5.0.  The COL applicant indicated that for all selected seismic sources it used 
the published maximum magnitudes and the fault rupture characteristics as described in the 
NUREG-2115 model. 

COL FSAR Section 2.5.2.2.1.2 summaries the RLME sources used in the CCNPP Unit 3 
seismic hazard calculations and Figure 2.5.2-3 in this report shows the RLME sources used in 
the CCNPP seismic hazard calculations.  The CEUS-SSC model requires contributions from the 
RLME sources to be added to seismic hazard estimates obtained from the distributed seismicity 
models.  The COL applicant summarized all the RLME sources described in NUREG-2115 and 
identified which RLMEs were used in the CCNPP Unit 3 seismic hazard calculations.  The COL 
applicant stated that it used Charleston, New Madrid Fault System (NMFS), Eastern Rift Margin, 
Marianna, Commerce Fault, and Wabash Valley RLME seismic sources. 

The COL applicant stated that among the six RLME sources used, the NMFS and Charleston 
RLMEs are significant contributors to the total seismic hazard.  The Charleston RLME source is 
about 560 to 800 km (350 to 500 mi) away from the site and it is a contributor to seismic hazard, 
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especially at the low-frequency portion of the hazard.  The NMFS RLME source is the largest 
seismic source in the CEUS.  Despite the distance of about 1165 to 1290 km (725 to 800 mi) 
from the CCNPP Unit 3 site, the COL applicant stated that this NMFS RLME contributes 
significantly to the low-frequency seismic hazard.  The COL applicant stated the other RLME 
sources used in the CCNPP site PSHA calculations contribute negligible amounts to the total 
seismic hazard at the CCNPP Unit 3 site. 

2.5.2.2.3 Correlation of Earthquake Activity with Seismic Sources 

COL FSAR Section 2.5.2.3 describes the correlation of earthquakes with the CEUS SSC model 
sources.  The COL applicant stated that correlation of earthquakes with seismic sources was a 
criterion in developing the CEUS SSC model.  The CEUS SSC model used earthquake 
characteristics in defining the seismic source geometries.  The COL applicant stated that in 
areas where repeated large earthquakes took place, the RLME sources were developed. 

2.5.2.2.4 Probabilistic Seismic Hazard Analysis and Controlling Earthquakes 

COL FSAR Section 2.5.2.4 describes the COL applicant’s PSHA calculations for the CCNPP 
Unit 3 site.  The hazard curves generated by the COL applicant’s PSHA represent hazard 
calculated for generic hard rock conditions [characterized by a shear wave velocity (S-wave) of 
2.8 km/s (9,200 ft/s)].  COL FSAR Section 2.5.2.4 also describes the earthquake potential for 
the CCNPP site in terms of the most likely earthquake magnitudes and source-to-site distances, 
which are referred to as “controlling earthquakes.”  In this section the COL applicant also 
determined the low-frequency (1 and 2.5 Hz) and high-frequency (5 and 10 Hz) controlling 
earthquakes by deaggregating the PSHA, following RG 1.208, at the specified probability levels 
of 10-4 and 10-5. 

PSHA Inputs 

The COL applicant stated that it used the recently published CEUS SSC model in 
NUREG-2115, along with the EPRI (2004, 2006) ground motion prediction equations in its 
PSHA calculations. 

Seismic Source Model  

As described above, among the distributed seismicity sources described in the CEUS SSC 
model, the COL applicant only used those seismic sources whose boundaries are intersected 
by the 320 km (200 mi) site radius.  The COL applicant screened the RLME sources based on 
their potential contribution to the total seismic hazard.  The seismic sources used in the PSHA 
calculations are summarized in Section 2.5.2.2.2 of this report.  Although the COL applicant did 
not use the distributed seismicity sources that are completely outside of the 320 km (200 mi) 
radius in its PSHA calculations, seismic hazard contributions from those sources that are 
partially within the 320 km )200 mi) zone were calculated up to a distance of 700 km (435 mi) in 
order to fully take into account the hazard from these seismic sources. 

Seismicity Rates 

The COL applicant used the seismicity rates for the selected seismic sources without any 
modification to published rates described in NUREG-2115. 
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Ground Motion Prediction Equations 

The COL applicant stated that it used the EPRI (2004, 2006) GMPEs for its PSHA along with 
the updated aleatory uncertainties and weights. 

PSHA Methodology and Calculation 

Using the CEUS-SSC model and the EPRI (2004, 2006) GMPEs, the COL applicant performed 
PSHA calculations for peak ground acceleration (PGA) and ground motion frequencies of 25, 
10, 5, 2.5, 1, and 0.5 Hz, as described in RG 1.208.  The COL applicant stated that the 
calculations used a gridded approach for all seismic sources.  To obtain more stable results, the 
COL applicant re-sampled the grid sizes to 0.125 x 0.125 degree squared cells.  The CEUS 
SSC model defines recurrence parameters at either 0.25 x 0.25 or 0.5 x 0.5 degree squared 
cells.  The COL applicant stated that sensitivity tests conducted using smaller grid sizes did not 
result in any significant change in seismic hazard calculations. 

The COL applicant used “leaky” source boundaries for all seismic sources.  This means that a 
potential earthquake’s fault geometry within a specific source may extend beyond the 
established boundaries of that source.  The CEUS-SSC model describes some RLME source 
boundaries being “strict,” meaning that the fault geometries of future earthquakes in these 
sources should not extend beyond the limit of the source geometry as defined.  However, the 
COL applicant indicated that its use of leaky boundaries for all sources will not impact the 
hazard calculations at the CCNPP Unit 3 site, since all the RLMEs are significantly away from 
the site. 

PSHA Results 

Figure 2.5.2-4 of this report shows the mean and median hard rock uniform hazard response 
spectra (UHRS) for the 10-4,10-5, 10-6 annual frequencies of exceedances, which the COL 
applicant generated using its PSHA results. 
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Figure 2.5.2-4 Mean and Median Hard Rock UHRS 
(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 

and 345; Figure 2.5-65) 

 

To determine the low- and high-frequency controlling earthquakes, the COL applicant used a 
procedure called deaggregation of seismic hazard.  The COL applicant followed the procedure 
outlined in RG 1.208, Appendix D.  The deaggregation results showed that local seismic 
sources within 50km are the primary contributor to high-frequency seismic hazard, while the 
NMFS RLME was a significant contributor to the low-frequency seismic hazard at the CCNPP 
Unit 3 site.  Table 2.5.2-1 in this report shows the COL applicant’s deaggregation results for the 
mean 10-4,10-5 and 10-6 PSHA hazard results.  The COL applicant calculated the controlling 
earthquakes for three different cases:  Overall hazard; hazard from earthquakes located less 
than 100 km (62 mi) away; and hazard from earthquakes located beyond 100 km (62 mi).  As 
shown in the deaggregation Table 2.5.2-1 below, for the high-frequency hazard, the controlling 
earthquakes are those with magnitudes about M6 occurring at short distances.  For the 
low-frequency hazard, the controlling earthquakes are several hundred kilometers away with 
magnitudes greater than M7.  The COL applicant selected the gray shaded values shown in 
Table 2.5.2-1 of this report as representative of the controlling earthquakes for the CCNPP 
Unit 3 site. 
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Table 2.5.2-1  Mean Magnitudes and Distances of Controlling Earthquakes Calculated 
from Hard Rock Seismic Hazard 

(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 
and 345; Table 2.5-21)  

 

 
 

2.5.2.2.5 Seismic Wave Transmission Characteristics of the Site 

COL FSAR Section 2.5.2.5 describes the method used by the COL applicant to develop the 
CCNPP Unit 3 site free-field soil UHRS.  The UHRS resulting from the COL applicant’s PSHA 
are defined for generic hard rock conditions (characterized by an S-wave velocity of 2.8 km/sec 
(9,200 ft/s)).  The COL applicant stated that these hard rock conditions exist at a depth of about 
760 m (2,500 ft) below the ground surface at the CCNPP Unit 3 site.  To determine the 
near-surface soil UHRS, the COL applicant first developed soil/rock profile models for the 
CCNPP Unit 3 site, selected representative hard-rock ground motions based on hard rock 
seismic hazard calculations, and performed site response analyses to obtain the free-field soil 
UHRS at the competent layer level beneath the CCNPP Unit 3 site. 

Site Response Model 

The applicant stated that the geology at the CCNPP Unit 3 site consists of marine and fluvial 
deposits overlying bedrock.  Rocks with shear wave velocities of at least 2,800 m/s (9200 ft/s) is 
located at a depth of about 760 m (2,500 ft).  The COL applicant stated that the GMRS horizon 
is at elevation 12.6 m (41.5 ft) above mean sea level.  Based on its review of the geologic data 
and using its geotechnical test results, the COL applicant developed an S-wave velocity profile 
for the CCNPP site from the GMRS horizon down to the depth at which 2,800 m/s (9200 ft/s) 
shear wave velocities are observed.  This profile is shown below in Figure 2.5.2-5. 
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Figure 2.5.2-5 CCNPP Site Best Estimate (BE) Low Strain S-wave Velocity Profile 
(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 

and 345; Figure 2.5-72) 
 

The COL applicant characterized the upper 122 m (400 ft) of the site using test borings, cone 
penetration testing, test pits, P- and S-wave velocity logging, and resonant column torsional 
shear (RCTS) tests, which are described in COL FSAR Section 2.5.4.  The COL applicant 
stated that the profile to a depth of 122 m (400 ft) consists of sequences of sand, silt, and clay; 
and below 122 m (400 ft), the profile consists of Coastal Plain sediments of Eocene, Paleocene, 
and Cretaceous ages that extend to an estimated depth of about 760 m (2500 ft).  Below these 
soils, granitoid rock (metamorphic gneiss, schist, or igneous granitic rocks) underlies the 
CCNPP Unit 3 site. 

In addition to the S-wave velocity profile, the COL applicant noted that the other material 
parameters used as inputs to its site response analysis included material density and soil 
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plasticity index.  The COL applicant obtained soil unit weights for the upper 122 m (400 ft) from 
the laboratory test results and site characterization.  For soils below a depth of 122 m (400 ft), 
the COL applicant estimated soil unit weights based on an approximate correlation of available 
laboratory data with the USGS (USGS 1983) Gamma-Gamma density measurements. 

Once the COL applicant determined the appropriate soil and rock dynamic properties, it 
modeled the variability in the site data by randomizing the soil and rock S-wave velocity profiles, 
soil shear modulus reduction and damping relationships, and rock-damping values.  The COL 
applicant generated 60 randomized profiles.  These randomized profiles represent potential 
variations in the soil column from the top of bedrock [with a bedrock S-wave velocity of 2.8 km/s 
(9,200 ft/s)] to the GMRS horizon.  The COL applicant used these randomized profiles as input 
to its site response calculations, which are summarized below. 

Site Response Methodology and Results 

The COL applicant used Random Vibration Theory (RVT) to calculate site response at the 
CCNPP Unit 3 site.  RVT does not require multiple acceleration time histories and it uses the 
hard rock response spectra as input motion into the site response analysis. The RVT 
methodology is an NRC-accepted method to estimate site response and is described in 
RG 1.208.  The complete set of inputs to run RVT include hard rock response spectra, soil 
profiles, damping and shear modulus degradation curves, an effective strain ratio, and the 
duration of the ground motion.  The COL applicant calculated the ground-motion durations using 
mean magnitudes and distances from the CCNPP Unit 3 site controlling earthquakes shown in 
Table 2.5.2-1 of this report. 

RVT analysis produces response spectra defined at the ground surface (or at any intermediate 
point within the soil profile), which accounts for the effects of soil/rock amplification (or 
deamplification) of the input base hard rock ground motion.  To calculate the final site 
amplification effects of the soil, the COL applicant divided the output response spectrum 
(defined at the base of the nuclear island) by the corresponding input hard rock input response 
spectrum.  This resulted in four mean amplification functions by combining the results of 
low- and high-frequencies and 10-4 and 10-5 input spectra.  Figure 2.5.2-6 in this report shows 
the mean amplification function and amplification functions of the 60 site profiles for the low-
frequency 10-4 input hard rock motion.  This figure shows that the CCNPP Unit 3 site subsurface 
amplifies the input hard rock motions over a fairly wide frequency range from 0.1 to about 6 Hz, 
with a maximum amplification of about 3.5 at about 0.2 Hz.  Beyond 6 Hz, the site effects 
reduce the hard rock ground motions.  The largest reduction of about 50 percent is observed for 
ground motions near 25 Hz. 

2.5.2.2.6 Ground Motion Response Spectra 

COL FSAR Section 2.5.2.6 describes the method used by the COL applicant to develop the 
horizontal and vertical site-specific GMRS.  To obtain the horizontal GMRS, the COL applicant 
used the performance-based approach described in RG 1.208.  The COL applicant developed 
the vertical GMRS using three different alternative vertical-to-horizontal ratios. 
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Figure 2.5.2-6 Low-frequency Amplification Functions for the 10-4 Hazard Level 
(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 

and 345; Figure 2.5-80) 

[Note:  The thick, red line represents the mean amplification function.  Other gray curves 
represent the 60 individual site profile results.] 

 

Horizontal Ground Motion Response Spectrum 

The COL applicant calculated a horizontal, site-specific, performance-based GMRS using the 
method described in RG 1.208.  The performance-based method achieves the annual target 
performance goal (PF) of 10-5 per year for frequency of onset of significant inelastic deformation.  
This damage state represents a minimum structural damage state, or essentially elastic 
behavior, and falls well short of the damage state that would interfere with functionality.  The 
GMRS is calculated using the following relationship. 

GMRS = UHRS * DF 

 where 

UHRS = Mean 10-4 UHRS  
DF = max {1.0, 0.6 (AR)0.8}   
AR = 10-5 UHRS / 10-4 UHRS 

The resulting horizontal GMRS is shown in Figure 2.5.2-7 in this report. 
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Vertical GMRS 

Since the EPRI (2004) GMPEs provide only horizontal ground motion spectral acceleration 
values and can only be used to estimate the horizontal GMRS, the COL applicant stated that it 
obtained the vertical GMRS first by deriving vertical-to-horizontal (V/H) ratios and applying them 
to the horizontal GMRS.  The COL applicant used three different methods in estimating the V/H 
ratios.  The COL applicant first calculated rock V/H ratios for the CEUS using the method 
developed in NUREG/CR-6728, “Technical Basis for Revision of Regulatory Guidance on 
Design Ground Motions:  Hazard- and Risk-consistent Ground Motion Spectra Guidelines,” 
(2001).  NUREG/CR-6728 presents categories of V/H ratios for PGA less than 0.2 g, between 
0.2 g and 0.5 g, and greater than 0.5 g.  The COL applicant used ratios for PGA<0.2, for the 
CCNPP Unit 3 site.  For the second method, the COL applicant calculated soil V/H ratios using 
two western United States (WUS) ground motion models (Abrahamson 1997 and 
Campbell 1997) that predict vertical as well as horizontal ground motions.  The COL applicant 
stated that it calculated the average V/H ratio from both ground motion models for M5.5 at a 
distance of 15 km (9 mi).  The COL applicant stated that M5.5 corresponds to the high-
frequency controlling earthquakes and the distance of 15 km (9 mi) resulted in a horizontal PGA 
of 0.1, which is close to the PGA corresponding to the horizontal SSE.  For the third method, the 
COL applicant modified the WUS V/H ratios determined by the second method.  Specifically, the 
COL applicant shifted the frequency axis of the V/H ratios so that they more closely resemble 
what might be expected at a CEUS soil site.  The COL applicant’s final V/H is the envelope of 
the three approaches.  Figure 2.5.2-7 of this report shows the resulting vertical GMRS. 
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Figure 2.5.2-7 Horizontal (solid line) and Vertical (dashed line) GMRS Calculated for the 
CCNPP Unit 3 Site 

(taken from COL FSAR markups provided in the 9/27/12 response to RAIs 284, 322, 
and 345; Figure 2.5-87) 

2.5.2.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the FSER 
related to the U.S. EPR FSAR. 

In addition, the applicable regulatory requirements for reviewing the COL applicant’s discussion 
of vibratory ground motion are as follows: 

• 10 CFR 100.23 with respect to obtaining geologic and seismic information necessary to 
determine site suitability and ascertain that any new information derived from site-
specific investigations does not impact the GMRS derived by a probabilistic seismic 
hazard analysis.  In complying with this regulation, the COL applicant also meets 
guidance in RG 1.132 and RG 1.208. 

• 10 CFR 52.79(a)(1)(iii), as it relates to consideration of the most severe of the natural 
phenomena that have been historically reported for the site and surrounding area and 
with sufficient margin for the limited accuracy, quantity and period of time in which the 
historical data have been accumulated. 
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The related acceptance criteria from NUREG-0800, Section 2.5.2 are summarized as follows: 

• Seismicity:  To meet the requirements in 10 CFR 100.23, this section is accepted when 
the complete historical record of earthquakes in the region is listed and when all 
available parameters are given for each earthquake in the historical record. 

• Geologic and Tectonic Characteristics of Site and Region:  Seismic sources identified 
and characterized by NUREG-2115 were used. 

• Correlation of Earthquake Activity with Seismic Sources:  To meet the requirements in 
10 CFR 100.23, acceptance of this section is based on the development of the 
relationship between the history of earthquake activity and seismic sources of a region. 

• Probabilistic Seismic Hazard Analysis and Controlling Earthquakes:  For CEUS sites 
relying on the NUREG-2115 seismic source characterization model, the staff will review 
the COL applicant's PSHA, including the underlying assumptions and how the results of 
the site investigations are used to update the existing sources in the PSHA, how these 
site investigation results are used to develop additional sources, or how they are used to 
develop a new data base. 

• Seismic Wave Transmission Characteristics of the Site:  In the PSHA procedure 
described in RG 1.208, the controlling earthquakes are determined for generic rock 
conditions. 

• Ground Motion Response Spectra:  In this section, the staff reviews the COL applicant's 
procedure to determine the GMRS. 

In addition, the geologic and seismic characteristics should be consistent with appropriate 
sections from:  RG 1.60 "Design Response Spectra for Seismic Design of Nuclear Power 
Plants,” RG 1.132, RG 1.208, and RG 1.206. 

2.5.2.4 Technical Evaluation 

The staff reviewed COL FSAR Section 2.5.2 and checked the referenced design certification 
FSAR to ensure that the combination in the U.S. EPR FSAR and the information in the COL 
FSARrepresent the complete scope of information relating to this review topic.  The review 
confirmed that the information contained in the COLA and incorporated by reference addresses 
the required information relating to the vibratory ground motion.  U.S. EPR FSAR, Tier 2, 
Revision 4, Section 2.5.2 is being reviewed by the staff under Docket Number 52-020.  The 
staff’s technical evaluation of the information incorporated by reference related to vibratory 
ground motion has been documented in the staff safety evaluation report on the design 
certification application for the U.S. EPR. 

The staff review of the information contained in the COL FSAR is discussed as follows: 

COL Information Item 

• COL Information Item 2.5-2 

The staff reviewed COL Information Item 2.5-2, which addresses the provision for site-specific 
seismic, geophysical, geological, and geotechnical information to determine the SSE ground 
motion and compare it to the CSDRS for the U.S. EPR. 
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• COL Information Item 2.5-3 

The staff reviewed COL Information Item 2.5-3, which addresses the provision for performing 
site-specific evaluations, the final strain-dependent soil profile with the U.S. EPR design soil 
parameters and verification that the site-specific seismic response is enveloped by the CSDRS 
and the soil profiles discussed in U.S. EPR FSAR Sections 2.5.2, 2.5.4.7, and 3.7.1 and 
summarized in U.S. EPR FSAR Tables 3.7.1-6, 3.7.1-8, and 3.7.1-9. 

Section 2.5.2.4 of this report provides the staff’s evaluation of the seismic, geologic, 
geophysical, and geotechnical investigations carried out by the COL applicant to determine the 
site-specific GMRS or the SSE ground motion for the CCNPP site.  The development of the 
GMRS is based upon a detailed evaluation of earthquake potential, taking into account the 
regional and local geology, Quaternary tectonics, seismicity, and site-specific geotechnical 
engineering characteristics of the CCNPP site subsurface material. 

During the early site investigation stage, the staff visited the site and interacted with the COL 
applicant regarding the geologic, seismic, and geotechnical investigations conducted for the 
COLA.  To thoroughly evaluate the original geologic, seismic, and geophysical information 
submitted by the COL applicant, the staff obtained additional assistance from experts at the 
USGS.  The staff made an additional visit to the CCNPP site in February 2009, to confirm 
interpretations, assumptions, and conclusions presented by the COL applicant related to 
potential geologic and seismic hazards.  As discussed in the introduction, Section 2.5 of this 
report, the staff had asked several RAIs and evaluated the responses received during the 
review process conducted over several years.  However, following the NRC’s NTTF issued after 
the Fukushima accident in Japan in March 2011, and the subsequent submissions of an RAI to 
all COL and ESP applicants (RAI 345, Question 02.05.02-24), the COL applicant revised COL 
FSAR significantly, especially COL FSAR Section 2.5.2 related to seismic hazard calculations.  
As part of this COL FSAR revision, the COL applicant replaced the EPRI (1986) seismic source 
models previously used in the seismic hazard calculations with the newly published 
NUREG-2115 CEUS Seismic Source Characterization (SSC) model.  With this change in the 
base seismic source model, many of the earlier RAIs have become irrelevant and were closed.  
The staff’s evaluations of many of these earlier RAIs are not part of this report.  However, 
several of the original RAIs are still applicable to the staff’s review and they are discussed below 
along with the new RAIs that the staff developed in response to the revised COL FSAR. 

2.5.2.4.1 Seismicity 

COL FSAR Section 2.5.2.1 states that the earthquake catalog used for the CCNPP Unit 3 site 
seismic hazard assessment is the NUREG-2115 earthquake catalog.  The earthquake catalog 
published as part of the NUREG-2115 seismic source model covers the entire CEUS region 
from 1568 through 2008 and includes a uniform moment magnitude scale for all earthquakes 
listed in the catalog.  Since the staff had reviewed the NUREG-2115 earthquake catalog 
recently, the staff’s technical evaluation of COL FSAR Section 2.5.2.1 focused on the COL 
applicant’s efforts to update the original NUREG-2115 earthquake catalog for use in the CCNPP 
Unit 3 site PSHA.  In addition to documenting the seismic activity within the site region, the 
earthquake catalog also provides critical data to assess seismic source model parameters used 
in the CCNPP Unit 3 PSHA study.  Seismic source model parameters, such as Mmax and 
earthquake recurrence rates, are primarily determined based on information available in the 
earthquake catalog.  The COL applicant did not provide a quantitative analysis of earthquakes 
occurring since 2008 in the COL FSAR.  However, the COL applicant stated that based on a 
qualitative analysis of earthquakes occurring since 2008, the last year of the NUREG-2115 
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earthquake catalog coverage, the most recent data also support the seismicity patterns 
identified in the NUREG-2115 earthquake catalog. 

As part of its confirmatory analysis, the staff developed a supplementary earthquake catalog 
covering the CEUS region from 2009 through 2012.  The staff used this earthquake catalog to 
determine whether there are new earthquakes in the CEUS region that might impact either the 
maximum magnitude distribution of the seismic sources identified in the NUREG-2115 model or 
the earthquake recurrence rates calculated for each of the seismic sources used in the Calvert 
Cliffs Unit 3 PSHA study.  The staff used the USGS Advanced National Seismic Network 
earthquake catalog (ANSS) for this analysis.  A search for earthquakes with magnitudes 3.0 and 
above within the 4-year time window covering years 2009 through 2012 in the CEUS region 
showed that there are 413 earthquakes in the CEUS region (Figure 2.5.2-8 in this report).  Five 
of these earthquakes have magnitudes equal to or greater than M5.0.  These larger magnitude 
earthquakes are the Mineral, VA earthquake of August 23, 2011, with a magnitude of M5.7, the 
August 23, 2011, earthquake along the border of Colorado and New Mexico with a magnitude of 
M5.4, the November 6, 2011, earthquake in Oklahoma with a magnitude of M5.7 and its 
foreshock and aftershock, each having magnitudes of M5.0 (Figure 2.5.2-8).  The majority of 
these 413 earthquakes (379 out of 413) in the catalog update are small magnitude earthquakes 
(3.0 <= M < 4.0) located mostly within the identified active seismic regions of the CEUS region.  
Further, about half of these smaller earthquakes are the aftershocks of the three largest 
earthquakes listed above.  The staff identified 29 earthquakes in the magnitude range between 
magnitudes 4.0 and 4.9 distributed over the CEUS region.  

Among all these earthquakes identified in the updated catalog, the Mineral, VA earthquake with 
a magnitude of M5.7 has the highest potential to impact the hazard calculations at the CCNPP 
Unit 3 site, because it is within a 140 km (87 mi) of the site (Figure 2.5.2-2 in this report). 

The COL applicant extensively discussed the August 2011 Mineral, VA earthquake in COL 
FSAR Sections 2.5.1 and 2.5.2, as it is within the site region and it is one of the larger 
earthquakes to occur in the region.  The COL applicant concluded that even though this 
earthquake occurred outside the catalog time window of the NUREG-2115 model, it is still within 
the bounds of the NUREG-2115 seismic model.  The COL applicant stated that this earthquake 
will potentially impact the Mmax distributions of the seismic sources containing this earthquake.  
However, the impact on the Mmax will be minimal and subsequently the change in the total 
seismic hazard will be negligible.  In addition, the COL applicant stated that this earthquake will 
impact the recurrence rates presented in the NUREG-2115 model.  However, because of the 
smoothing methodologies used in the recurrence rate calculation procedures and its distance to 
the CCNPP site, the COL applicant indicated the increase in seismic hazard will be within the 
uncertainty limits stated in NUREG-2115, Chapter 9.4. 

The staff notes that even though NUREG-2115, Chapter 9.4 states, “If an alternative 
assumption or parameter is used in a seismic hazard study, and it potentially changes the 
calculated mean hazard (mean annual frequency of exceedance) by less than +25% for ground 
motions corresponding to 10–4 annual frequency of exceedance, and it potentially changes the 
calculated hazard by less than +35% for ground motions corresponding to 10–6 annual 
frequency of exceedance, then that potential change is less than the best (highest) level of 
precision with which we can calculate mean seismic hazard,” the same chapter also notes that 
regulators addressing the impacts of potential changes in seismic haxard may require action 
even if potential changes are less than the guidelines quoted above. 
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The staff also independently assessed the impacts of the Mineral, VA earthquake on the 
CCNPP Unit 3 seismic hazard calculations.  The NUREG-2115 seismic model establishes Mmax 
magnitude distributions for all of its seismic sources based on observed earthquakes located in 
each of the seismic sources.  Because the Mineral, VA earthquake is one of the largest events 
in the region ever recorded and the largest earthquakes observed are used in Mmax 
determinations, it is likely that if a similar process were to be conducted with the inclusion of the 
August 2011 Mineral, VA earthquake, the Mmax distribution of some of the seismic sources used 
in CCNPP Unit 3 site PSHA may be different. 

In response to a staff RAI submitted following the Mineral, VA earthquake that requested that 
the COL applicant analyze the impacts of the earthquake on the seismic sources and their 
parameters used in the CCNPP Unit 3 seismic hazard calculation (RAI 322, Question 02.05.02-
23), the COL applicant stated that the earthquake is located in the Mmax seismic sources of 
Study Region, Mesozoic or Younger Extended Region (MESE) [both narrow and wide 
interpretations], and Extended Continental Crust-Atlantic Margin (ECC-AM) identified in the 
NUREG-2115 model.  The COL applicant also stated In the RAI response, that even though the 
magnitude of the Mineral, VA earthquake is less than the minimum Mmax’s used for all these 
seismic sources, it may have a slight impact on the Mmax distribution.  This impact is because 
the NUREG-2115 model relies on the observed largest earthquake in a seismic source to 
estimate its Mmax distribution.  Although the largest observed earthquake in the ECC-AM seismic 
source is the 1755 earthquake with a magnitude of M6.1 located in the northern boundary of this 
source, because of the location uncertainties of this earthquake, the NUREG-2115 Mmax 
determinations use both the 1755 earthquake and the second largest 1688 earthquake, with an 
estimated magnitude of M5.3, in its Mmax determinations.  The NUREG-2115 model assigns a 
60 percent weight to the 1755 earthquake and a 40 percent weight to the second largest 
earthquake, because there is a likelihood that the 1755 earthquake actually falls within the 
adjacent seismic source rather than the ECC-AM seismic source.  Since the second largest 
earthquake’s magnitude (M5.3) is less than the Mineral, VA earthquake’s magnitude, if re-
calculated using an updated earthquake catalog, the estimated Mmax magnitudes for the ECC-
AM seismotectonic source would be somewhat higher.  However, in the October 28, 2011, 
response to RAI 322, Question 02.05.02-23, the COL applicant also stated that because there is 
a small amount of weight in the existing assessment for magnitudes less than 5.8, the overall 
impact of the Mineral, VA earthquake on the ECC-AM maximum magnitude distribution would 
be minor. 

The staff agrees with the COL applicant’s assessments that the impact of the Mineral, VA 
earthquake on the Mmax distribution would be minor for the ECC-AM source, since the model 
already considers a 60 percent probability that the largest observed earthquake in the seismic 
source is greater than the magnitude of the Mineral, VA earthquake.  Further, considering that 
the seismotectonic sources are contributing to 60 percent of the distributed seismicity sources 
and the ECC-AM seismic source’s Mmax distribution is already above M5.8, the impact on the 
total hazard estimated for the site would be minimal and the overall hazard results would not be 
affected by this change.  Based on this assessment, the staff concludes that if the Mineral, VA 
earthquake is used in the Mmax updates of the source ECC-AM, the resultant impact on the 
seismic hazard calculations at the CCNPP Unit 3 site would be insignificant.  Within the other 
seismic sources that enclose the Mineral, VA earthquake’s location, there are other observed, 
larger magnitude earthquakes.  Therefore, the Mineral, VA earthquake will not have any impact 
on the Mmax determinations for these sources. 

The Mineral, VA earthquake also has the potential to impact the earthquake recurrence rates 
presented in NUREG-2115 and, in turn, might increase the total seismic hazard calculations for 
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the CCNPP site.  In the October 28, 2011, response to RAI 322, Question 02.05.02-23, the COL 
applicant stated that the rate change due to the occurrence of the Mineral, VA earthquake would 
result in a higher seismic hazard at the CCNPP site.  However, the change would be within the 
uncertainty limits defined in NUREG-2115, Chapter 9.4.  As described above, NUREG-2115 
clarifies Chapter 9.4 statements in its Executive Summary and states that the NRC has not 
defined a set value for requiring siting applicants to revise or update PSHAs.  At a 
November 20, 2012, public meeting, the staff asked the COL applicant whether it had any 
quantitative results indicating the level of the expected increase in the seismic hazard due to the 
Mineral, VA earthquake in the site region.  The COL applicant stated that it did not have any 
specific quantitative assessment, but agreed to provide a supplementary response to address 
the issue.  On December 20, 2012, the COL applicant submitted supplementary responses to 
RAI 322, Question 02.05.02-23 and RAI 345, Question 02.05.23-24 to its original response and 
stated that it conducted a sensitivity analysis to quantitatively analyze the impact of the Mineral, 
VA earthquake on the recurrence rates published in NUREG-2115.  The COL applicant stated 
that the rates compare well for the Study Region, MESE-N and MESE-W source zones and the 
differences are within a few percent.  For the ECC-AM seismic source, the rate change was 
more pronounced.  With the inclusion of the Mineral, VA earthquake, the maximum impact to 
the Uniform Hazard Response Spectra (UHRS) was within nine percent of the original results.  
However, because this is within the uncertainty limits, the COL applicant then concluded that 
the NUREG- 2115 model was adequate for the site and no recurrence rates needed to be 
updated prior to performing PSHA calculations. 

To better assess the details of the sensitivity results conducted by the COL applicant, in 
RAI 386, Question 02.05.02-26, the staff requested that the COL applicant provide further 
details regarding the sensitivity study mentioned in the December 20, 2012, supplementary RAI 
response to RAI 322, Question 02.05.02-23, for the staff’s comprehensive analysis, as the RAI 
response did not go into sufficient details of the calculations.  Since the staff was unable to 
finalize the impact of the Mineral Virginia earthquake on the seismic hazard calculations, the 
staff’s assessment is incomplete therefore, RAI 386 Question 02.05.02-26 is being tracked as 
an open item to resolve this issue. 

Between the other two larger magnitude earthquakes identified in the updated earthquake 
catalog, only the Oklahoma earthquake of November 6, 2011, has a potential to impact the 
seismic hazard calculations at the CCNPP site.  The staff identified that the magnitude of the 
August 2011 earthquake along the NM and CO border is within the NUREG-2115 seismic 
source model parameters and does not impact the seismic hazard calculations at the CCNPP 
site.  The Oklahoma earthquake of 2011 has the potential to impact the seismic hazard 
calculations at the CCNPP site because the earthquake’s magnitude (M5.7) is larger than the 
minimum Mmax assigned to the MidC-A and MidC-B seismic sources (Mmax of 5.6), both of which 
are used in the seismic hazard calculations at the CCNPP Unit 3 site.  However, potential 
increase in the Mmax values of this MidC source is likely to introduce only a very slight change in 
the seismic hazard calculations at the CCNPP site.  This impact is because of the distance of 
the source to the site and also the use of a wide range of higher Mmax values for this source.  
The Mmax distribution of this source is 5.6 (0.101), 6.1 (0.244), 6.6 (0.31), 7.2 (0.244), and 
8.0 (0.101).  The numbers in parentheses represent the weights assigned to each Mmax value.  
Considering that most of the weight is on the higher magnitudes, the staff concludes that any 
potential revision to the Mmax distribution of the MidC-A and MidC-B sources due to the 
Oklahoma earthquake will have a minor impact on the total seismic hazard calculated at the 
CCNPP site. 



2-75 

 

Figure 2.5.2-8 Earthquakes with Magnitudes Equal To or Greater Than 3.0 in the CEUS 
between 2009 and 2012 

[Note:  The red circles represent the locations of the three largest earthquakes that occurred in 
this region within the 4 year time span.  The semi-transparent blue circle represents the 320 km 
(200-mi) site region as a reference.] 

Staff Conclusions Regarding Seismicity 

As a result of open item related to RAI 386, Question 02.05.02-26, the staff is unable to 
finalize conclusions relating to compliance with 10 CFR 52.79 and 10 CFR 100.23, in 
accordance with the regulatory requirements. 
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2.5.2.4.2 Geologic and Tectonic Characteristics of the Site and Region 

COL FSAR Section 2.5.2.2 describes the seismic sources and seismicity parameters used by 
the COL applicant to calculate the seismic ground motion hazard for the CCNPP Unit 3 site.  
Specifically, the COL applicant described the seismic source model published as part of 
NUREG-2115 in 2012.  The staff previously reviewed the NUREG-2115 seismic source model 
and approved its use as a starting regional model for nuclear power plant applications.  
However, the NUREG-2115 model is a regional model and NUREG-2115 specifically states that 
it should be compared against the local data and information, and if needed, appropriate local 
adjustments must be conducted.  As such, the staff primarily focused on the COL applicant’s 
investigation of potential local seismic source and source parameter adjustments to the 
NUREG-2115 model. 

NUREG 2115 Seismic Source Model 

The CEUS-SSC model published as part of NUREG-2115 contains two types of seismic 
sources:  Distributed seismicity sources and repeated large magnitude earthquake sources 
(RLME).  The total seismic hazard at a given site is calculated by adding the hazard 
contributions of the distributed seismicity sources to those obtained by the RLME sources.  
While the distributed seismicity sources are based on available earthquake locations and 
regional geologic/tectonic characterizations, the RLME sources are primarily based on geologic 
and paleo-earthquake records.  The NUREG-2115 model incorporates uncertainties in source 
geometries and model parameters by using logic trees and by assigning varying degrees of 
weights to the branches of the logic trees based on supporting data and evidence. 

RLME Sources 

The RLME sources describe seismic zones where the occurrence of repeated (two or more) 
large magnitude earthquakes (M>6.5) is documented.  There are nine RLME sources defined in 
the NUREG-2115 model covering the entire CEUS region.  Figure 2.5.2-9 of this report shows 
all of the RLME sources in the NUREG-2115 model.  These seismic sources are the Charlevoix, 
Charleston, Cheraw fault, Meers fault, New Madrid fault system, Eastern Rift margin fault, 
Marianna, Commerce fault zone, and Wabash Valley seismic sources.  The COL applicant 
stated that among the nine RLME sources, six of them should be used in the CCNPP Unit 3 
seismic hazard calculations.  Due to their distances and longer return periods of repeated large 
magnitude earthquakes, the COL applicant did not use the Cheraw fault, Meers fault, and 
Charlevoix RLME sources in its PSHA study.  The COL applicant determined that among the 
six RLME sources used, the Charleston and NMFS are the main contributing RLME sources to 
the total seismic hazard at the CCNPP Unit 3 site. 

The Charleston RLME source is about 560 to 800 km (350 to 500 mi) away from the CCNPP 
site and it is a contributor to the seismic hazard at the lower ground motion frequencies.  The 
NMFS RLME source is the largest seismic source in the CEUS.  Despite its distance of about 
1,165 to 1,290 km (725 to 800 mi) from the CCNPP Unit 3 site, the COL applicant stated that 
the NMFS RLME contributes significantly to the low-frequency seismic hazard.  The COL 
applicant stated the other four RLME sources used in the site PSHA calculations contribute 
negligible amounts to the total seismic hazard at the CCNPP Unit 3 site. 

The staff evaluated the rationale for the COL applicant’s selection of the specific six of the 
nine RLME sources in its use in the PSHA calculations and finds that the COL applicant’s 
selected RLME sources are adequate for the CCNPP Unit 3 PSHA calculations.  The staff 
reached this conclusion based on the source-to-site distances of the three RMLE sources and 
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the recurrence rates provided for each of these sources in the NUREG-2115 model.  The three 
unused RMLE sources are significantly away from the CCNPP Unit 3 site and their recurrence 
rates are too low to have any meaningful hazard contributions at the CCNPP Unit 3 site. 

 

Figure 2.5.2-9 Map Showing the Repeated Large Magnitude Earthquake Sources 
in the CEUS 

(taken from NUREG-2115) 

[Note:  Nine primary RMLE sources and their alternative geometries are shown.] 

 
Distributed Seismicity Sources 

The distributed seismicity sources are the second type of seismic sources described in the 
NUREG-2115 model.  The NUREG-2115 model classifies the distributed seismicity sources into 
two main subgroups:  Mmax zones and seismotectonic zones.  The subgrouping reflects the fact 
that there are differing views in seismic source characterization in the CEUS region.  The Mmax 
zones represent the view that large magnitude earthquakes may occur anywhere in the CEUS 
region and the tectonics of the region contributes minimally to the occurrence of medium and 
large earthquakes.  The Mmax zones are broad seismic sources identified based on limited 
tectonic information and represent areas of potential sources of future earthquakes.  
Seismotectonic sources represent an alternative view in which the occurrence of medium and 
large magnitude earthquakes varies based on tectonic environments.  The seismotectonic 
sources are those developed by extensive analyses of regional geology, tectonics, and 
seismicity in the CEUS region.  Both the Mmax and the seismotectonic zones also include 
alternative source geometries, accommodating inherent uncertainties in seismic source 
characterization.  Seismic hazard contributions are calculated for both subgroups and the 
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results of the Mmax sources and the seismotectonic sources are weighted by 40 percent and 
60 percent, respectively, to determine the total seismic hazard contributions of the distributed 
seismic sources at a given site. 

The COL applicant stated that it used the following four alternative Mmax seismic source 
configurations: the Study Region, MESE-W, MESE-N and NMESE-N (Figure 2.5.2-10 in this 
report).  Other Mmax sources are outside the 320 km (320 mi) site region and the COL applicant 
did not use them.  The Study Region seismic source is the largest seismic source in the CEUS 
model, and it represents the entire area of the CEUS region.  The MESE and NMESE sources 
represent regions in which either Mesozoic-aged (250 million years) or younger tectonic 
extension took place (MESE) or did not (NMESE).  The subgroups of the MESE and NMESE 
seismic sources, MESE-W, NMESE-N, and MESE-N, represent alternative configurations for 
each of these sources.  The extension “N” represents the “narrow” and the extension “W” 
represents the “wide” alternative source geometries.  The staff confirmed that the COL 
applicant’s choice of the Mmax sources are adequate and satisfy the guidance provided in 
RG 1.208, which states all seismic sources within the 320 km (200 mi) radius of the site be 
investigated. 

Figure 2.5.2-10 Maps Showing Two of the Alternative Mmax Seismic Source 
Zones in the CEUS Region 
(taken from NUREG-2115) 

[Note:  The CEUS is divided into two separate seismic zones based on whether the region 
underwent a Mesozoic aged (or younger) tectonic extension or not.  NMESE represent regions 
where no Mesozoic or younger aged extension took place, and MESE represent regions of 
Mesozoic or younger aged tectonic extension.  Uncertainty in the location of this boundary is 
represented by two alternative source geometries shown on the left, as N - “narrow” and on the 
right, as W - “wide” interpretations.  The narrow interpretation is weighted by 80 percent and 
wide interpretation is weighted by 20 percent in the NUREG-2115 model.  Collectively, these 
sources contribute to 60 percent of the Mmax sources’ contributions.  The Study Region source, 
represented by the outer boundary shown in these figures, is treated as a separate source and 
it contributes the remaining 40 percent of the hazard from the Mmax subclass of the distributed 
seismic sources.] 

The NUREG-2115 seismic source characterization model also identifies 12 primary seismic 
sources within the seismotectonic subcategory of the distributed seismicity sources.  Due to 
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uncertainties in source geometry definitions, some of these sources also have alternative 
geometries defined.  The COL applicant stated that it used the guidance in RG 1.208 and 
identified only those seismotectonic sources for which parts are within the 320 km (200 mi) 
CCNPP site radius.  Among the 12 seismotectonic-based seismic sources identified in 
NUREG-2115, the COL applicant identified the following sources as contributors to the seismic 
hazard estimates at the CCNPP Unit 3 site:  Atlantic Highly Extended Crust (AHEX); Extended 
Continental Crust-Atlantic Margin Zone (ECC-AM); Paleozoic Extended Crust Zone (PEZ); and 
Midcontinent-Craton Zone (MidC) (Figure 2.5.2-2 in this report). 

The COL applicant stated that the AHEX seismic source, representing the highly extended 
continental crust between the oceanic crust in the east and the extended continental crust in the 
west, is more than 160 km (100 mi) away from the CCNPP Unit 3 site.  Due to its low seismicity 
and distance from the site, this source does not contribute significantly to the total seismic 
hazard at the CCNPP site.  The ECC-AM seismic source is the host zone for the CCNPP Unit 3 
site.  The COL applicant stated that this source is the primary contributor to the seismic hazard, 
especially in the high-frequency range.  The third seismotectonic zone the COL applicant used, 
PEZ, represents the seismic zone in the western part of the site region.  The western boundary 
of this zone is not well constrained.  Therefore, the CEUS SSC model has two alternative 
source geometries for this source, PEZ-W and PEZ-N.  The first one represents the geometry of 
a wider zone and the second one represents the geometry of a narrow zone.  The COL 
applicant stated that the last seismotectonic zone, MidC, is a large areal zone encompassing 
the regions of the continental interior.  Tectonically, MidC represents the region where very little 
no significant tectonic deformation took place in the past several hundred million years.  Since 
the MidC zone boundaries are defined based on neighboring seismic sources and the 
boundaries include a certain level of uncertainty, the geometry of this zone is defined by four 
potential alternatives in the NUREG-2115 model:  MidC-A; MidC-B; MidC-C; and MidC-D.  The 
COL applicant stated that only the MidC-A and MidC-B source configurations are within the 320 
km (200 mi) site radius, and the other two are outside the site region and were not used in the 
seismic hazard calculations. 

As part of its confirmatory analysis, the staff noted that the NUREG-2115 model does not fully 
cover the 320 km (200 mi) site region radius.  A narrow sliver along the western-most portion of 
the site region is outside of the NUREG-2115 model coverage (Figure 2.5.2-11 of this report).  
At a November 20, 2012, public meeting, the staff requested that the COL applicant clarify 
whether it had considered updating the source model to cover the narrow sliver of uncovered 
area east of the CCNPP site.  The COL applicant responded that it did not.  However, on 
December 20, 2012, the COL applicant supplemented its response to RAI 345, Question 
02.05.02-24 and stated that if the AHEX region would be extended to cover the full 320 km (200 
mi) zone, it would have a very minor impact on the hazard as there are no earthquakes in this 
region.  The COL applicant further stated that the contribution from this area is four orders of 
magnitude smaller than the source’s contribution to the hazard at the site.  Therefore, the COL 
applicant showed that this area not covered by the NUREG-2115 model does not impact the 
seismic hazard calculations at the site.  Given the very low contribution of this additional area to 
the total seismic hazard, the staff concludes that the lack of full coverage in the site region does 
not impact the hazard results at the CCNPP site.  In its confirmatory study, the staff reviewed all 
the seismic sources described in the NUREG 2115 model within the 320 km (200 miles) site 
region (Figure 2.5.2-11 of this report), and confirmed that the COL applicant’s choice of seismic 
source models are adequate and conform to the guidance published in RG 1.208. 



2-80 

 

Figure 2.5.2-11 Seismotectonic Sources Used in CCNPP Unit 3 Site Hazard Calculations 

[Note:  The red star represents the location of the CCNPP Unit 3 site and the red circle 
represents the site region radius of 320 km (200 mi).] 

 
Source Model Parameters 

The COL applicant stated that it used the earthquake recurrence rates published as part of the 
NUREG-2115 CEUS SSC model for all the seismic sources it selected.  The recurrence rates 
provided in the CEUS SSC model include a variety of alternatives developed by taking into 
account uncertainties in earthquakes’ magnitudes and locations.  In addition, the CEUS SSC 
model also includes two sets of earthquake recurrence rates.  The COL applicant stated that it 
used the recurrence rate set developed for a minimum magnitude of M5.0 earthquake in its 
seismic hazard calculations.  The other alternative, not used by the COL applicant, provides 
earthquake recurrence rates developed for a minimum magnitude of M4.0 in seismic hazard 
calculations.  This second alternative is used when Cumulative Average Velocity (CAV) filtering 
is used in seismic hazard calculations.  The COL applicant stated that it did not use CAV 
filtering in seismic hazard calculations; therefore, the staff concludes the use of the earthquake 
rates developed for a minimum magnitude of M5.0 is appropriate.  In addition to these rates, the 
COL applicant indicated that for all seismic sources, it used the published maximum magnitudes 
and the fault rupture characteristics as described in the NUREG-2115 model. 

As discussed in Section 2.5.2.4.1 of this report, the staff notes that the occurrence of the 
Mineral, VA August 2011 earthquake has the potential to increase the published earthquake 
recurrence rates of the NUREG-2115 model.  Therefore, in RAI 386, Question 02.05.02-26, the 
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staff requested that the COL applicant provide additional details of the full sensitivity study in 
order for the staff to evaluate impact of the Mineral, VA earthquake on the earthquake rates, 
prior to the staff’s confirmation that the COL applicant’s use of the seismic source model as 
published in NUREG-2115 is adequate.  Since the staff cannot confirm the adequacy of the 
earthquake rates used prior to full review of the sensitivity report requested as part of the above 
mentioned RAI, this issue is identified as open item.  RAI 386, Question 02.05.02-26 is being 
tracked as an open item. 

Staff Conclusions of the Geologic and Tectonic Characteristics of the Site and Region 

As a result of open item related to RAI 386, Question 02.05.02-26, the staff is unable to 
finalize conclusions relating to compliance with 10 CFR 52.79 and 10 CFR 100.23, in 
accordance with the regulatory requirements. 

2.5.2.4.3 Correlation of Earthquake Activity with Seismic Sources 

COL FSAR Section 2.5.2.3 describes the correlation of seismicity in the region with the seismic 
source model used in the CCNPP PSHA study.  The COL applicant noted that the 
NUREG-2115 model uses earthquake locations and characteristics in defining the seismic 
source geometries.  The COL applicant also stated that in areas where repeated large 
magnitude earthquakes took place, the NUREG-2115 model developed the RLME sources.  
Because the NUREG-2115 model used earthquakes’ locations in seismic source identification, 
and this correlation is well described in NUREG-2115, the staff concludes that the COL 
applicant’s characterization of the correlation of earthquake activity is adequate. 

2.5.2.4.4 Probabilistic Seismic Hazard Analysis and Controlling Earthquakes 

COL FSAR Section 2.5.2.4 presents the COL applicant’s PSHA results and its estimate of the 
earthquake potential for the CCNPP Unit 3 site in terms of the controlling earthquakes.  The 
COL applicant determined the high- and low-frequency controlling earthquakes by 
deaggregating the PSHA results at selected probability levels following the guidance provided in 
RG 1.208.  Before conducting PSHA calculations and determining the controlling earthquakes, 
the COL applicant investigated the local and regional geologic and tectonic features and any 
potential adjustments to the seismic sources and their model parameters as described in 
Section 2.5.2.1.2 of this report.  Section 2.5.1.4 of this report describes the staff’s assessments 
of the local and regional geological features and concludes that no additional updates are 
needed, except for the open item in RAI 386, Question 02.05.02-26 related to the Central 
Virginia Seismic Zone and the occurrence of the Mineral, VA earthquake of 2011.  Therefore, 
the staff focused its review on the COL applicant’s PSHA procedures and the calculation of the 
CCNPP Unit 3 site controlling earthquakes. 

2.5.2.4.4.1 PSHA Calculation 

In COL FSAR Section 2.5.2.4.1, the COL applicant stated that it used the NUREG-2115 seismic 
model in the probabilistic seismic hazard calculations at the CCNPP Unit 3 site and the 
procedures outlined therein.  Since the NUREG-2115 model covers the entire CEUS region and 
it may be unnecessary to use far away seismic sources with lower rates in the PSHA 
calculations, the COL applicant first identified seismic sources that will impact the seismic 
hazard calculations at the CCNPP Unit 3.  Then, using those selected seismic sources and the 
EPRI (2004 and 2006) GMPE, the COL applicant calculated generic hard rock seismic hazard 
curves at the seven frequencies defined by the EPRI (2004, and 2006) GMPE.  Using the hard 
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rock seismic hazard curves, the COL applicant obtained uniform hazard response spectra at the 
annual frequency of exceedances of 10-4, 10-5, and 10-6.  Using the procedures outlined in 
RG 1.208, the COL applicant also developed the controlling earthquakes’ magnitudes and 
distances.  The following describes the staff’s assessment of the COL applicant’s PSHA 
calculations and the determination of the controlling earthquakes and their parameters. 

PSHA Inputs 

As described in Section 2.5.2.4.2, above, among the distributed seismicity sources described in 
the NUREG-2115 model, the COL applicant only used those sources whose boundaries are 
intersected by the 320 km (200 mi) site radius, which is consistent with RG 1.208.  The COL 
applicant also screened the RLME sources based on their potential contribution to the total 
seismic hazard.  RG 1.208 states that if seismic sources are completely beyond the 320 km 
(200 mi) site region radius, but they are large enough seismic sources with potentials to 
contribute to the total seismic hazard, the seismic sources should be considered in the seismic 
hazard calculations.  Though the COL applicant did not use the distributed seismicity sources 
that are completely outside of the 320 km (200 mi) radius in its PSHA calculations, seismic 
hazard contributions from those sources that are partially within the 320 km (200 mi) site radius 
were calculated up to a distance of 700 km (435 mi) in order to fully take into account the 
hazard from these seismic sources. 

PSHA Methodology and Calculation 

Using the NUREG-2115 CEUS-SSC model and the EPRI (2004, 2006) GMPEs, the COL 
applicant performed PSHA calculations for the peak ground acceleration (PGA) and ground 
motion frequencies of 25, 10, 5, 2.5, 1, and 0.5 Hz, as described in RG 1.208.  The COL 
applicant stated that PSHA calculations used a gridded approach for all seismic sources.  The 
NUREG-2115 model defines both areal seismic sources and line sources.  While the areal 
sources are usually gridded, and grid cells are used in seismic hazard calculations, PSHAs 
conducted for line sources use the exact geometries of the faults.  The COL applicant’s gridding 
of all seismic sources may generate a level of imprecision in seismic hazard calculations.  
However, the staff audited the seismic hazard calculation software used for the CCNPP Unit 3 
PSHA on August 2-3, 2012, and determined that the COL applicant’s use of gridded 
representations of all seismic sources were adequate, especially considering that the CCNPP 
site is several hundred kilometers away from the closest RMLE fault sources.  The staff’s 
October 1, 2012, software audit report summarized that although the use of gridded geometries 
for these line sources may introduce some ambiguity in the resultant hazard, because of the 
distance of the CCNPP Unit 3 site to the RMLE faults, this methodology is adequate for the 
CCNPP seismic hazard calculations.  In order to obtain more stable results, the COL applicant 
re-sampled the grid sizes to 0.125 x 0.125 squared degree cells.  The NUREG-2115 model 
defines recurrence parameters at grid sizes of either 0.25 x 0.25 or 0.5 x 0.5 squared degrees 
depending on the source types.  The COL applicant stated that sensitivity tests conducted using 
smaller grid sizes did not result in any significant change in the seismic hazard calculation 
results. 

The COL applicant made another deviation from the NUREG-2115 model definitions.  In its 
PSHA calculations, the COL applicant used “leaky” seismic source boundaries for all seismic 
sources defined in the model.  The leaky source boundary definition reflects the fact that in the 
PSHA calculations an earthquake’s fault geometry is allowed to extend beyond the established 
boundaries of that seismic source.  This may result in differences in source-to-site distance 
calculations.  The NUREG-2115 model describes some RLME source boundaries as being 
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“strict,” meaning that the fault geometries of future earthquakes in these sources should not 
extend beyond the limits of the source geometry.  However, the COL applicant stated that its 
use of leaky boundaries for all seismic sources will not impact the hazard calculations at the 
CCNPP Unit 3 site, since all the RLMEs are significantly away from the site.  The staff 
concludes that because the source-to-site distances calculated with the leaky boundary 
assumption versus the distances obtained using the strict boundary definitions, as described in 
the NUREG-2115 model, will only be small compared with the total source-to-site distance this 
use of leaky seismic source boundaries are adequate for the CCNPP PSHA calculations. 

Figure 2.5.2-4 in this report shows the COL applicant’s PSHA results in terms of the mean and 
median hard rock uniform hazard response spectra (UHRS) calculated for the 10-4, 10-5, and 10-

6 annual frequencies of exceedance.  In RAI 381, Question 02.05.02-25, the staff requested that 
the COL applicant provide the individual seismic sources’ contributions to the total seismic 
hazard at the site, since the COL FSAR only provided total hazard curves for each frequency of 
ground motion.  In a December 12, 2011, response, the COL applicant provided seismic hazard 
curves for individual seismic sources.  The staff requested that the COL applicant provide this 
information to compare the individual seismic sources’ hazard contributions to the total seismic 
hazard and also compare its own confirmatory calculation results with those of the COL 
applicant.  Since the staff has not finalized its confirmatory calculations, RAI 381, 
Question 02.05.02-25 is being tracked as an open item. 

2.5.2.4.4.2 Controlling Earthquakes  

To determine the low- and high-frequency controlling earthquakes, the COL applicant used a 
procedure called deaggregation of the seismic hazard.  The COL applicant followed the 
deaggregation procedures outlined in RG 1.208, Appendix D.  The deaggregation results 
showed that local seismic sources within 50 km (31 mi) of the CCNPP site are the primary 
contributors to the high-frequency seismic hazard at the site, while the NMFS RLME was a 
significant contributor to the low-frequency seismic hazard at the CCNPP site.  Table 2.5.2-1 of 
this report shows the COL applicant’s deaggregation results for the mean 10-4, 10-5, and 10-6 
PSHA results.  The COL applicant calculated the controlling earthquakes for three different 
cases:  overall hazard; hazard from earthquakes located less than 100 km (62 mi) away: and 
hazard from earthquakes located beyond 100 km (62 mi).  As shown in the deaggregation 
Table 2.5.2-1 below, for the high-frequency hazard, the controlling earthquakes are those with 
magnitudes about M6 occurring at short distances.  For the low-frequency hazard, the 
controlling earthquakes are several hundred kilometers away with magnitudes greater than M7.  
The COL applicant selected the gray shaded values shown in Table 2.5.2-1 of this report as 
representative of the controlling earthquakes for the CCNPP Unit 3 site. 

Since the COL applicant used the guidance outlined in RG 1.208 to determine the controlling 
earthquakes and their magnitudes and distances, the staff concludes that the procedures used 
by the COL applicant are adequate and the resultant controlling earthquake parameters are 
representative of the controlling earthquakes in this region. 

2.5.2.4.4.3 Staff Conclusions Regarding PSHA and Controlling Earthquakes 

As a result of open items related to RAI 386, Question 02.05.02-26 and RAI 381, 
Question 02.05.02-25, the staff is unable to finalize conclusions relating to compliance 
with 10 CFR 52.79 and 10 CFR 100.23, in accordance with the regulatory requirements. 
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2.5.2.4.5 Seismic Wave Transmission Characteristics of the Site 

COL FSAR Section 2.5.2.5 describes the method used by the COL applicant to develop the 
CCNPP Unit 3 site free-field soil UHRS.  The seismic hazard curves calculated by the COL 
applicant are defined for generic hard rock conditions characterized by a shear wave (S-wave) 
velocity of at least 2.8 km/s (9,200 ft/s).  The applicant stated that these hard rock conditions 
exist at a depth of more than 762 m (2500 ft) below the ground surface at the CCNPP Unit 3 
site.  To determine the impact of the soil column between the hard rock and the surface, the 
COL applicant performed a site response analysis.  The output of the COL applicant’s site 
response analysis are the site amplitude functions (AFs), which are then used to determine the 
soil UHRS at three hazard levels (10-4, 10-5, and 10-6 annual frequency of exceedances). 

2.5.2.4.5.1 Site Response Inputs 

In COL FSAR Section 2.5.2.5.1.2, the COL applicant summarized the low strain S-wave 
velocity, material damping, and strain-dependent properties of the base case soil and rock 
profile, which the COL applicant used as the input model to its site response calculations.  The 
COL applicant stated that the upper 122 m (400 ft) of the CCNPP site subsurface was 
investigated using test borings, cone penetration testing, test pits, and geophysical methods.  
For the deeper sedimentary rocks, the COL applicant obtained the information from nearby 
wells and geological data sets. 

The COL applicant used the RVT methodology to calculate the site response amplification 
function at the CCNPP Unit 3 site.  The use of RVT in site response calculations is mentioned in 
RG 1.208 as an acceptable alternative to the time series approach.  RG 1.208 specifically 
states, “…, RVT methods are acceptable as long as the strain dependent soil properties are 
adequately accounted for in the analysis.”  Following RG 1.208, the staff focused its review on 
the input parameters used in the site response calculations.  Inputs to the RVT method include 
response spectra which are based on the hard rock UHRS, 60 randomized soil profiles, 
effective strain ratio, and strong motion duration.  The COL applicant estimated the 
strong-motion durations to be used in the site response calculations using the mean magnitudes 
and distances from the CCNPP Unit 3 site’s controlling earthquakes and NUREG/CR 6728, 
Table 3-2, which defines duration ranges for magnitude-distance bins.  Since the COL applicant 
used published reference tables in NUREG/CR-6728 to estimate the strong motion ground 
durations and also the staff’s determination that site response is only slightly dependent on the 
duration used, the staff concludes the COL applicant’s selection of duration values are within 
range and adequate for site response calculations at the CCNPP Unit 3 site. 

The COL applicant stated that it calculated the effective strain ratios using the formulation 
provided in Idriss (1992) and confirmed the resultant values with the possible range of values 
determined by empirical calculations described in Kramer (1996).  The staff confirmed these 
values and conducted a sensitivity study to determine the impacts of variations of effective 
strain values on the site response amplification functions.  Based on these analyses, the staff 
concludes that the input effective strain ratios determined by the COL applicant are adequate. 

In COL FSAR Section 2.5.2.5.1.2, the COL applicant discussed its site-specific soil and rock 
column.  In that section, the COL applicant stated that site-specific RCTS-based shear modulus 
degradation and damping ratio curves were used for the site amplification function analysis for 
soils above a depth of 122 m (400 ft).  However, in COL FSAR, Revision 6, Section 2.5.4.7.3.1, 
the COL applicant stated that in the absence of actual data for the upper 122 m (400 ft) of soils, 
generic EPRI curves were adopted from EPRI TR-102293 (EPRI,1993).  Therefore, in RAI 216, 
Question 02.05.02-19, the staff asked the COL applicant to clarify whether it used site-specific 
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data or generic curves to estimate the site-specific shear modulus degradation and damping 
ratio curves.  In a March 25, 2010, response to RAI 216, Question 02.05.02-19, the COL 
applicant directed the staff to updated COL FSAR Section 2.5.4 submitted to the NRC on 
October 9, 2009.  In updated COL FSAR Section 2.5.4.2.5.9 and the COL applicant’s response 
to RAI 216, Question 02.05.02-19, the COL applicant detailed that strain-dependent properties 
were developed for the CCNPP Unit 3 site by fitting the generic EPRI (1993) shear modulus and 
damping curves to the site-specific data from RCTS tests.  Therefore, the generic EPRI (1993) 
curves were not exclusively used for soils above a depth of 122 m (400 ft).  The COL applicant 
developed site-specific curves from the RCTS tests on 13 undisturbed soil samples from depths 
of approximately 4.6 to 122 m (15 to 400 ft).  The COL applicant then fit the EPRI generic 
curves to the site-specific data to characterize the strain-dependent properties above 122 m 
(400 ft).  These curves were used as input to the site response analysis for soils above 122 m 
(400 ft).  Below this depth, the COL applicant used exclusively generic EPRI shear modulus 
degradation and damping ratio curves as input to its site response analysis.  The staff confirmed 
that the COL applicant’s updated COL FSAR Section 2.5.4 clarifies the COL applicant’s use of 
site-specific and generic EPRI curves to characterize the strain-dependent properties beneath 
the CCNPP Unit 3 site.  Accordingly, the staff considers RAI 216, Question 02.05.02-19 
resolved. 

The main input to the RVT site response calculations are the response spectra calculated for 
the generic hard rock conditions.  The COL applicant stated that it used the low- and 
high-frequency UHRS spectra at the 10-4 and 10-5 annual frequency of exceedance levels.  The 
COL applicant also stated that, consistent with DC/COL-ISG-017, “Ensuring Hazard-Consistent 
Seismic Input for Site Response and Soil Structure Interaction Analyses,” it first conducted the 
calculations using the full soil column including the soils above the GMRS horizon, and 
estimated the strain-compatible properties associated with each of the input rock motions and 
repeated the process again after removing the soil layers above the GMRS horizon, and 
calculated 60 site responses and obtained the mean amplification function (shown in 
Figure 2.5.2-12 of this report). 

2.5.2.4.5.2 NRC Site Response Confirmatory Analyses 

To determine the adequacy of the COL applicant’s site response calculations, the staff 
performed its own confirmatory site response calculations.  As input, the staff used the static 
and dynamic soil properties provided in COL FSAR Section 2.5.4.  To represent the input rock 
motions, the staff used the high-frequency 10-4 rock spectra.  The staff performed its site 
response calculations using the Strata software (Kottke and Rathje 2008).  The staff’s site 
amplification function results are compared with the COL applicant’s results in Figure 2.5.2-12 in 
this report. 
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Figure 2.5.2-12 Comparisons of the Staff’s Site Response Amplification Function with the 
Amplification Function Determined by the COL Applicant for the 10-4 High-Frequency 

Controlling Earthquake 

[Note:  The staff’s amplification function is depicted by the thick blue line and the COL 
applicant’s results are depicted by the red line.  Also shown in the figure are the results of the 
staff’s two sensitivity analyses.  The dashed light green curve represents the result obtained by 
changing the effective strain from 0.51 to 0.55 and the dashed blue line represents the results 
obtained by changing the strong motion duration from 8.4s to 15 s.  These sensitivity 
calculations indicate that any potential variations in the estimated values of effective strain and 
duration do not significantly impact the final results at the CCNPP Unit 3 site.] 

As shown in Figure 2.5.2-12 above, the COL applicant’s calculations are generally more 
conservative across the frequency range typically important for engineering purposes 
(i.e., 0.5Hz to 10Hz) and they are within the limits of uncertainties in the higher frequency range.  
In addition to confirming the COL applicant’s calculations, the staff also conducted a couple of 
sensitivity studies to test the impacts of the strong motion duration and the effective strain value, 
the two input parameters the COL applicant obtained from published literature.  The staff’s 
confirmatory calculations show that the CCNPP Unit 3 site response is not strongly sensitive to 
duration of strong motion and the effective strain ratios.  Based on this assessment, the staff 
concludes that the COL applicant’s site response calculations adequately characterize the site 
effects at the CCNPP Unit 3 site. 
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2.5.2.4.5.3 Staff Conclusions Regarding Seismic Wave Transmission Characteristics 
of the Site 

The staff concludes that the COL applicant’s site response methodology and results are 
acceptable, since the COL applicant followed the general guidance provided in RG 1.208 in its 
site response calculations and used an adequate range of input parameters.  The staff’s 
confirmatory analysis also indicated that the COL applicant’s results are adequate. 

2.5.2.4.6 Ground Motion Response Spectra 

COL FSAR Section 2.5.2.6 describes the method used by the COL applicant to develop the 
horizontal and vertical, site-specific, GMRS.  To obtain the horizontal GMRS, the COL applicant 
used the performance-based approach described in RG 1.208 and American Society of Civil 
Engineers/Structural Engineering Institute (ASCE/SEI) Standard 43-05, “Seismic Design Criteria 
for Structures, Systems, and Components in Nuclear Facilities.”  COL FSAR Section 2.5.2.6, 
states tat the horizontal GMRS (for each spectral frequency), is obtained by scaling the soil 10-4 
UHRS by the design factor specified in RG 1.208. 

In COL FSAR Section 2.5.2.4.7, the COL applicant stated that it multiplied the horizontal GMRS 
by a frequency-dependent scaling factor in order to obtain the vertical GMRS.  The COL 
applicant used the envelope of three V/H ratios calculated using three different methods as its 
final V/H ratio to calculate the vertical GMRS.  Since the COL applicant used an accepted 
methodology presented in NUREG/CR-6728, Appendix J, along with two other methods and 
enveloped the results to obtain a conservative result for its final V/H ratio function, the staff 
concludes that the COL applicant’s V/H ratios are adequate for the use of the CCNPP Unit 3 
site vertical GMRS. 

Staff Conclusions Regarding Ground Motion Response Spectra 

Since the COL applicant used the standard procedures outlined in RG 1.208 to calculate the 
final horizontal GMRS, and conservatively estimated the vertical GMRS, the staff concludes that 
the COL applicant’s GMRS adequately represents the site ground motion and that the GMRS 
calculated meets the requirements of 10 CFR 100.23. 

2.5.2.5 Post Combined License Activities 

There are no post COL activities related to this section. 

2.5.2.6 Conclusion 

As a result of open items related to RAI 386, Question 02.05.02-26 and RAI 381, 
Question 02.05.02-25, the staff is unable to finalize conclusions relating to compliance 
with 10 CFR 52.79 and 10 CFR 100.23, in accordance with the regulatory requirements. 

The staff reviewed the COLA and checked the referenced sections of the U.S. EPR FSAR to 
ensure that all COL information items, interface items, and supplemental information required to 
be provided by the COL applicant have been addressed in the COLA.  The staff is reviewing the 
COL information incorporated by reference from the U.S. EPR FSAR on Docket No. 52-020.  
The results of the staff’s technical evaluation of the COL information incorporated by reference 
from the U.S. EPR will be documented in the staff’s evaluation of the U.S. EPR design 
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certification application.  The staff will update this report to reflect the final disposition of the U.S. 
EPR design certification application. 

2.5.3 Surface Faulting 

2.5.3.1 Introduction 

COL FSAR Section 2.5.3 discusses the potential for surface deformation due to faulting 
(tectonic or non-tectonic) and ground subsidence due to limestone dissolution collapse.  The 
COL applicant collected information related to surface deformation during site characterization 
investigations to address the following specific topics related to surface  deformation: geologic, 
seismic, and geophysical investigations; geologic evidence for tectonic surface deformation; the 
correlation of earthquakes with capable tectonic sources and the characterization of those 
sources; the ages of most recent geologic deformation; the relationships between tectonic 
structures in the site area and regional tectonic structures; the designation of zones of 
Quaternary (less than 2.6 million years ago (Ma)) deformation in the site region; and the 
potential for surface deformation at the site. 

2.5.3.2 Summary of Application 

COL FSAR Section 2.5.3 incorporates by reference U.S.A EPR Tier 2, Section 2.5.3 with certain 
additional information summarized below. 

COL Information Items 

• COL Information Item 2.5-5 

The COL applicant provided additional information to address COL Information Item 2.5-5 which 
requires the COL applicant that references the U.S. EPR design certification to investigate the 
site-specific surface and subsurface geologic, seismic, geophysical, and geotechnical aspects 
within 25 miles around the site and evaluate any impact to the design.  The COL applicant will 
demonstrate that no capable faults exist at the site in accordance with the requirements of 
10 CFR 100.23 and 10 CFR 50, Appendix S.  If non-capable surface faulting is present under 
foundations for safety-related structures, the COL applicant will demonstrate that the faults have 
no significant impact on the structural integrity of safety-related structures, systems or 
components. 

COL FSAR Sections 2.5.3.1 through 2.5.3.8 contains supplemental information to address this 
COL Information Item.  COL FSAR Section 2.5.3.1 describes the site investigations performed 
to determine the potential for surface deformation (tectonic and non-tectonic), including use of 
aerial photography, satellite imagery, field inspection, and review of seismological and 
geological information.  The COL applicant discussed various aspects of site area geology with 
researchers at the USGS and the Maryland Geological Survey (MGS) and other academic 
institutions.  COL FSAR Section 2.5.3.2 provides identification and assessment of the geological 
evidence for surface faulting.  The COL applicant concluded that there are no known faults 
within the site area, with the single exception of a fault located 8 km (5 mi) from the CCNPP site.  
This fault has not been active since the Paleocene epoch.  COL FSAR Section 2.5.3.3 states 
that there have been no known earthquakes associated with bedrock faults.  COL FSAR 
Section 2.5.3.4 addresses the age of observed surface deformations.  COL FSAR 
Sections 2.5.3.5 and 2.5.3.6 address tectonic structure, and COL FSAR Section 2.5.3.7 
addresses Quaternary zones relative to fault potential. 
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The COL applicant concluded that there is no deformation or geomorphic feature indicative of 
potential Quaternary activity based on its review of the literature and field investigations 
completed for this application.  The COL applicant concluded that no capable tectonic sources 
exist within the 40 km (25 mi) radius CCNPP vicinity. 

2.5.3.2.1 Geologic, Seismic, and Geophysical Investigations  

COL FSAR Section 2.5.3.1 describes the information that the COL applicant used to evaluate 
the potential for surface deformation at the CCNPP site, including (1) previous site 
investigations for CCNPP Units 1 and 2; (2) geologic maps and data published by the USGS 
and the MGS including interviews with subject matter experts in these areas; (3) published data 
and literature, especially information that postdates the COL FSAR for CCNPP Units 1 and 2; 
(4) seismicity data collected for the region; (5) interpretations of aerial and remote sensing 
imagery; and (6) results from field and aerial reconnaissance investigations and a review of 
NUREG-2115 for applicable information.  Based on this information, the COL applicant 
concluded that there is no evidence for Quaternary-age faulting in the 8 km (5 mi) radius 
CCNPP site area. 

In COL FSAR Section 2.5.3.1, the COL applicant stated that geological cross-sections from 
previous site investigations performed for the existing CCNPP Units 1 and 2 depict a nearly 
flat-lying, undeformed geologic contact (or unconformity surface) between the Eocene Piney 
Point Formation (55 to 34 Ma) and the overlying Middle Miocene Calvert Formation 
(16 to 11 Ma)(Baltimore Gas and Electric (BGE), 1968).  Geologic cross-sections developed 
from geotechnical data collected from boreholes as part of the CCNPP Unit 3 study corroborate 
the previous cross sections prepared for the site.  The new geologic borehole data support an 
interpretation of gently-dipping to flat-lying, unfaulted Miocene and Pliocene stratigraphy at the 
CCNPP site.  Local geologic cross-sections within the site area based on surface mapping, 
borehole data and seismic reflection by the USGS and the MGS, depict unfaulted and unfolded 
southeast-dipping Eocene-Miocene (54 to 5.3 Ma) Coastal Plain sediments unconformably 
overlain by Pliocene (5.3 to 1.8 Ma) Upland deposits. 

The COL applicant cited the USGS compilation of all Quaternary faults, liquefaction features, 
and possible tectonic features in the eastern U.S. (Crone and Wheeler, 2000) (Wheeler, 2005) 
(Wheeler, 2006) and stated that these reports do not show any Quaternary faults or features 
within a 40 km (25 mi) CCNPP radius. 

Based on its seismicity analysis, the COL applicant reported that no microseismic activity has 
occurred in the site area; the site is located in a region that has experienced only infrequent 
minor earthquake activity; and the closest epicentral location is greater than 40 km (25 mi) 
away.  COL FSAR Section 2.5.2 provides a discussion of the seismic analysis for the CCNPP 
site. 

2.5.3.2.2 Geologic Evidence, or Absence of Evidence, for Surface Deformation 

COL FSAR Section 2.5.3.2 discusses the geologic assessment for the potential of tectonic and 
non-tectonic surface deformation in the CCNPP site area.  The COL applicant discussed three 
structural features within the CCNPP site vicinity:  the Hillville fault zone; the east facing 
monoclines proposed by McCarten, et al. (1995); and the stratigraphic undulations and 
hypothesize fault proposed by Kidwell (1997). 

Hillville Fault Zone 
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The COL applicant described the Hillville Fault Zone (HVFZ) as a 42 km (26 mi) long, 
northeast-striking, basement fault, approximately 8 km (5 mi) northeast of CCNPP (shown in 
Figure 2.5.3-1 of this report).  The fault is a buried fault; it does not intersect the surface.  
Seismic reflection data (seismic line: St M-1) show a steep, southeast-dipping, reverse fault with 
about 76 m (249 ft) of offset on the basement reflector.  The fault coincides with the 
Sussez-Currioman Bay aeromagnetic anomaly.  The COL applicant stated that the HFVZ may 
represent a reactivated Paleozoic suture zone during Mesozoic and Early Tertiary time, similar 
to other faults located further west of CCNPP.  Based on stratigraphic correlation between 
boreholes within the Coastal Plain deposits, Hansen and Edwards (1986) speculate the fault 
was last active in the Early Paleocene (65 to 54 Ma).  The COL applicant stated that field 
reconnaissance completed by the COL applicant for CCNPP Unit 3 indicates no geomorphic 
features indicative of Quaternary activity along the surface-projection of the fault zone.  Where 
the HFVZ would intersect the steep cliffs of the Chesapeake Bay, there is no direct observation 
of faulting in the exposed Miocene (23 to 5.3 Ma) strata.  Other researchers published 
cross-sections that trend oblique to and across the strike of the HFVZ that do not show a fault.  
The COL applicant also noted that there is no seismicity spatially associated with this feature in 
any study.  The COL applicant concluded that the Hillville fault is not a surface-fault rupture 
hazard at the CCNPP site. 

East Facing Monoclines 

The COL applicant discussed two east-facing monoclines inferred in geologic cross-sections 
and located along the western margin of Chesapeake Bay within the 8 km (4 mi) radius of the 
CCNPP site (shown in Figure 2.5.3-1 of this report).  The USGS interpreted east-facing 
monoclines on geologic cross-sections but did not locate the monoclines on a geologic map 
(McCarten et al., 1995).  The cross-section shows west-side up monoclines deforming Lower 
Paleocene (65 to 55 Ma) to Upper Miocene (16 to 11 Ma) strata with approximately 19 to 91 m 
(62.3 to 298 ft) of structural relief.  The overlying Late Miocene (11 to 5.3 Ma) St. Mary’s 
Formation is undisturbed.  The COL applicant stated that the boreholes used to develop the 
cross-section are widely spaced and do not provide the necessary control to substantiate the 
interpretation. 

The COL applicant reported that existing published geologic, aeromagnetic, and gravity data do 
not support the presence of a prominent north-trending monocline directly underlying the 
Chesapeake Bay.  A structure contour surface of the top of the Middle Eocene Piney Point 
Formation, over the location of the monoclines, shows an undeformed, essentially planar 
surface striking northeast and dipping the southeast, consistent with regional bedding, not a 
north-trending monocline.  In another, east-west oriented geological cross-section located about 
48 km (30 mi) north of the CCNPP site, nearly flat-lying Cretaceous (144-65 Ma) and Paleocene 
(65-55 Ma) stratigraphic units cross the Chesapeake Bay, and do not depict a fold or fault 
(Hansen, 1978).  Regional aeromagnetic and gravity maps show that the overall trend of 
potential structures buried beneath the Coastal Plain and Chesapeake Bay near the site trend 
northeast, not north.  The COL applicant reported that there is no seismicity spatially associated 
with these features  

The COL applicant concluded that the east-facing monoclines are not substantiated based on 
its review of the published literature and site and aerial reconnaissance.  If the feature does 
exist, it does not deform the Miocene-age St. Mary’s Formation.  Therefore, the COL applicant 
concluded that the inferred monoclines are older than Late Miocene (11 to 5.3 Ma) in age and 
do not represent a surface-fault rupture or deformation hazard at the CCNPP site. 
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Stratigraphic Undulations and Hypothesized Fault 

The COL applicant described a postulated set of gentle, low amplitude folds and a buried fault in 
cliff exposures along the west side of the Chesapeake Bay (Kidwell, 1997).  Kidwell measured 
and prepared over 300 lithostratigraphic columns along Calvert Cliffs from Chesapeake Beach 
to Little Cove Point.  These columns were then compiled into a cross-section that provides 
approximately 40 km (24 mi) of nearly continuous log of Miocene, Pliocene and Quaternary 
deposits, directly east of the CCNPP (shown in Figure 2.5.3-2 of this report).  Kidwell 
recognized a very low regional southeast dip and hypothesized several, subtle, low-amplitude, 
broad undulations within the Miocene Coastal Plain deposits. Near Moran Landing, 1.9 km 
(1.2 mi) south of CCNPP, Kidwell interprets an apparent elevation change, above mean sea 
level, of 1.8 to 3 m (5.9 to 9. ft) in Miocene strata, and of 0.9 to 3.7 m (2.9 to 12.1 ft) in Pliocene 
and Quaternary fluvial deposits as indicative of a fault buried beneath this offset or elevation 
change.  Kidwell suggested a northeast strike with down-to-the-north sense of separation. 

The COL applicant stated that fluvial processes could account for this elevation change and that 
this is not necessarily a tectonic feature.  The COL applicant also stated that highly undulatory 
unconformities (erosion surfaces) within sand and upland gravel deposits in younger Pliocene 
and Quaternary strata above the St Mary’s Formation obscure any hypothesized folding.  The 
COL applicant reviewed the published documents from the USGS and the MGS and found no 
other suggestion of tectonic deformation in Pliocene or Quaternary deposits.  The COL 
applicant reported that the feature is not aligned with any magnetic or gravity anomaly and is not 
spatially associated with seismicity.  The COL applicant concluded, based on its own field and 
aerial reconnaissance, review of aerial photography and LiDAR data, that there are no 
geomorphic features indicative of Quaternary activity along the trend of the postulated folds and 
fault.   

2.5.3.2.3 Correlation of Earthquakes with Capable Tectonic Sources 

In COL FSAR Section 2.5.3.3, the COL applicant reported that there is no record of seismicity 
associated with earthquakes that have a body wave magnitude (mb) greater than 3.0 within the 
site vicinity (shown in Figure 2.5.3-1 of this report).  Therefore, the COL applicant concluded 
that there is no spatial correlation between earthquake seismicity and geologic structures within 
the 40 km (25 mi) radius site vicinity. 

2.5.3.2.4 Ages of Most Recent Deformations 

In COL FSAR Section 2.5.3.4, the COL applicant concluded that the most recent tectonic 
deformation of the crystalline basement rock within the CCNPP site vicinity occurred during the 
Paleocene (65 to 55 Ma) on the Hillville fault.  The COL applicant stated that the existence of 
other postulated structures within the CCNPP site vicinity (McCarten et al., 1995) (Kidwell, 
1997) is uncertain, but there is stratigraphic evidence that indicates these features do not affect 
Pliocene and Quaternary deposits. 

2.5.3.2.5 Relationship of Tectonic Structures in the Site Area to Regional Tectonic 
Sources 

In COL FSAR Section 2.5.3.5, the COL applicant stated that the Hillville fault is the only feature 
within the 8 km (5 mi) radius of CCNPP site that is linked with a regional tectonic structure.  The 
fault consists of a northeast-striking zone of steep southeast-dipping reverse faults that coincide 
with the Sussex-Currioman Bay aeromagnetic anomaly.  The COL applicant reported that the 
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Hillville Fault zone is part of a larger lithotectonic terrane boundary that separates basement 
rocks associated with Triassic rift basins to the west from low-grade metamorphic basement to 
the east.  This regional structure likely represents a Paleozoic suture zone reactivated in the 
Mesozoic and Early Tertiary time, similar to the Brandywine fault system located to the west of 
the CCNPP site.  Based on stratigraphic correlation between boreholes within the Coastal Plain 
deposits, Hansen and Edwards (1986) speculate that the Hillville fault zone was last active in 
the Early Paleocene (65 to 54 Ma). 

2.5.3.2.6 Characterization of Capable Tectonic Sources 

An important characteristic of a capable tectonic source is the presence of surface or 
near-surface deformation occurring within the Quaternary period. The discussion about capable 
tectonic source is covered in RG 1.208, “A Performance-Based Approach to Define the Site-
Specific Earthquake Ground Motion,” and provides a basis for why the staff focuses on the 
Quaternary.  The COL applicant concluded that no capable tectonic sources exist in the CCNPP 
site area because the most recent tectonic deformation of the crystalline basement rock within 
the CCNPP site vicinity occurred during the Paleocene (65 to 54 Ma) on the Hillville fault. 

2.5.3.2.7 Designation of Zones of Quaternary Deformation in the Site Region 

In COL FSAR Section 2.5.3.7, the COL applicant stated that there are no zones of Quaternary 
deformation requiring detailed investigation within the CCNPP site area.  The COL applicant 
reviewed aerial photography, digital elevation models, LiDAR data for the site area, and 
completed aerial reconnaissance and identified a few discontinuous lineaments (north to 
northeast-striking).  The COL applicant concluded that none of these lineaments is fault-related, 
or coincident with the Hillville fault or the other previously inferred Miocene-Pliocene structures 
(McCarten et al., 1995; Kidwell, 1997). 

2.5.3.2.8 Potential for Surface Tectonic Deformation at the Site 

In COL FSAR Section 2.5.3.8, the COL applicant concluded that there are no Quaternary 
surface faults or capable tectonic sources within the site area based on:  (1) the nearly flat-lying 
Miocene stratigraphy beneath the site interpreted from both existing and new borehole data; 
(2) the absence of faulting in Miocene deposits exposed along the cliffs at the eastern boundary 
of the CCNPP site; and (3) the absence of Quaternary tectonic features from examination of 
aerial photography and LiDAR data in the site vicinity. 

2.5.3.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the final 
safety evaluation report related to the U.S. EPR FSAR. 

In addition, the applicable regulatory requirements for surface faulting are as follows: 

• 10 CFR 52.79(a)(1)(iii), as it relates to identifying geologic site characteristics with 
appropriate consideration of the most severe of the natural phenomena that have been 
historically reported for the site and surrounding area and with sufficient margin for the 
limited accuracy, quantity and period of time in which the historical data have been 
accumulated. 

• 10 CFR 100.23, as it relates to determining the potential for surface tectonic and 
non-tectonic deformations at and in the region surrounding the site. 
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The related acceptance criteria from NUREG-0800, Section 2.5.3 are as follows: 

• Geologic, Seismic, and Geophysical Investigations:  The requirements of 10 CFR 100.23 
are met and the guidance in RG 1.206, RG 1.208, and RG 4.7, is followed for this area 
of review if discussions of Quaternary tectonics, structural geology, stratigraphy, 
geochronologic methods used for age dating, paleoseismology, and geologic history of 
the site vicinity, site area, and site location are complete, compare well with studies 
conducted by others in the same area, and are supported by detailed investigations 
performed by the COL applicant. 

• Geologic Evidence, or Absence of Evidence, for Surface Tectonic Deformation:  The 
requirements of 10 CFR 100.23 are met and the guidance in RG  1.208, RG 1.206 and 
RG 4.7 is followed for this area of review if sufficient surface and subsurface information 
is provided by the COL applicant for the site vicinity, area, and location to determine the 
potential for surface tectonic and non-tectonic deformation and, if present, to 
demonstrate the age of the most deformation or displacement and ages of previous 
displacements. 

• Correlation of Earthquakes with Capable Tectonic Sources:  The requirements of 
10 CFR 100.23 are met for this area of review if all reported historical earthquakes within 
the site vicinity are evaluated with respect to accuracy of hypocenter location and source 
of origin, and if all capable tectonic sources that could, based on fault orientation and 
length, extend into the site area or site location are evaluated with respect to potential for 
causing surface deformation. 

• Ages of Most Recent Deformation:  The requirements of 10 CFR 100.23 are met for this 
area of review if every significant surface fault and feature associated with a blind fault, 
any part of which lies within the site area, is investigated in sufficient detail to 
demonstrate, or allow relatively accurate estimates of the age of the most recent fault 
displacement, and enable identification of geologic evidence for previous displacements. 

• Relationship of Tectonic Structures in the Site Area to Regional Tectonic Structures:  
The requirements of 10 CFR 100.23 are satisfied for this area of review by discussion of 
structural and age relationships between site area faulting or other tectonic deformation 
and the regional tectonic framework. 

• Characterization of Capable Tectonic Sources:  The requirements of 10 CFR 100.23 are 
met for this area of review when it has been demonstrated that investigative techniques 
employed by the COL applicant are sufficiently sensitive to identify all potential capable 
tectonic sources, such as faults or structures associated with blind faults, within the site 
vicinity; and when fault geometry, length, sense of movement, amount of total 
displacement and displacement per faulting event, age of latest and any previous 
displacements, recurrence rate, and limits of the fault zone are provided for each 
capable tectonic source. 

• Designation of Zones of Quaternary Deformation in the Site Region:  The requirements 
of 10 CFR 100.23 regarding designation of zones of Quaternary deformation in the site 
region are met if the zone (or zones) designated by the COL applicant as requiring 
detailed faulting investigations is of sufficient length and width to include all Quaternary 
deformation features potentially significant to the site as described in RG 1.208. 
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• Potential for Surface Deformation (tectonic and non-tectonic) at the site location:  To 
meet requirements of 10 CFR 100.23 for this area of review, information must be 
presented by the COL applicant in this section to assess the potential for surface or 
near-surface tectonic or non-tectonic deformation along a known tectonic structure or 
related to limestone dissolution collapse at the site. 

2.5.3.4 Technical Evaluation 

The staff reviewed COL FSAR Section 2.5.3 and checked the referenced design certification 
FSAR to ensure that the combination of the U.S. EPR FSAR and the information in the COL 
FSAR represent the complete scope of information relating to this review topic.  The review 
confirmed that the information contained in the COLA and incorporated by reference addresses 
the required information relating to the surface faulting.  The results of the staff’s evaluation of 
the information incorporated by reference in the COL application are documented in the final 
safety evaluation report for the U.S. EPR FSAR. 

COL License Information Item 

• CCNPP COL License Information Item 2.25 

The staff reviewed the information provided by the COL applicant in COL FSAR Section 2.5.3 to 
address this item.  Specific information provided by the COL applicant includes the description 
and evaluation of the potential for tectonic and non-tectonic surface deformation due to faulting 
at the CCNPP site. 

This section presents the staff’s evaluation of the geologic, seismic, and geophysical information 
submitted by the COL applicant in COL FSAR Section 2.5.3 to address the potential for surface 
or near-surface deformation within the 40 km (25 mi) radius CCNPP site vicinity.  The staff 
reviewed the information provided to resolve COL Information Item 2.25 to determine whether 
the COL applicant complied with the applicable regulations and conducted all investigations at 
an appropriate level of detail following the guidance of RG 1.208. 

To thoroughly evaluate the geologic, seismic, and geophysical information presented by the 
COL applicant, the staff obtained assistance from experts at the USGS.  The staff and the 
USGS contractors visited the CCNPP site to confirm interpretations, assumptions, and 
conclusions presented by the COL applicant that relate to the potential for surface or 
near-surface faulting and non-tectonic deformation at the CCNPP site. 

2.5.3.4.1 Geologic, Seismic and Geophysical Investigations  

COL FSAR Section 2.5.3.1 summarizes the geologic, seismic, and geophysical investigations 
the COL applicant performed to assess the potential for tectonic and non-tectonic surface 
deformation within the CCNPP site vicinity.  The COL applicant compiled and reviewed existing 
data and relevant publications, including geologic maps published by the USGS and the MGS; 
held discussions with researchers that have worked in the area; interpreted aerial photography 
and remote sensing imagery; reviewed data on historical and recorded seismicity; and 
implemented their own field and aerial reconnaissance investigation.  The staff focused its 
review of COL FSAR Section 2.5.3.1 on the completeness of the information provided and the 
logic used by the COL applicant to assess the potential for surface deformation at the site. 

In RAI 71, Question 02.05.01-31, the staff asked the COL applicant to provide specific details of 
the field reconnaissance for the site application, as cited in COL FSAR Section 2.5.3.1, 
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including maps of field stations and photos of the features discussed in text.  In an April 15, 
2009, response to the RAI the COL applicant stated that the field investigation included a multi-
step process that included:  (1)A compilation and review of existing published and unpublished 
research; (2) telephone and in-person interviews of experts in the regional and local geology; 
(3) field and aerial reconnaissance; and (4) the review of aerial photography, digital elevation 
maps and LiDAR coverage for St. Mary’s, Charles, and Calvert counties, MD. 

The staff examined several field and aerial reconnaissance maps provided by the COL applicant 
that illustrate flight lines, road traverses and field stops that demonstrate the geographic scope 
of the field work.  The staff verified that these investigations covered the site vicinity and, in 
particular, the various tectonic features discussed in several sections of the COL FSAR.  The 
staff examined several aerial photos of the landscape in the site vicinity and found no evidence 
of geomorphic features indicative of a surface fault or surface deformation from a sub-surface 
fault.  The staff examined several photo mosaics of the exposed Calvert Cliffs to verify that the 
St. Mary’s stratigraphic units are relatively flat lying and undeformed in the site vicinity.  In 
addition, the staff visited some of these locations during the February 24-25, 2009, site audit.  
The staff’s trip report is documented in ADAMS under “Trip Report - 02/24-25/2009, Geology-
Related Site Visit In Support of the Calvert Cliffs Combined License Application,” dated April 16, 
2009, and the USGS trip report can be found under “USGS Trip Report on Site Audit of Calvert 
Cliffs, Maryland site, Submitted July 8, 2009,” dated June 23, 2011.  More details about the 
staff’s site safety audit are provided in Section 2.5.1.4.1.3.4, “Principle Tectonic Structures”, of 
this report under section heading “Tertiary Structures.”  The staff notes that the COL applicant 
contacted many of the principal authors of scientific papers published about the structural and 
geological setting of the site vicinity.  The staff also contacted Dr. Frank Pazzalgia to discuss 
aspects of his interpretation of faulting beneath the northern part of the Chesapeake Bay, which 
is documented in “11/10/2009 Summary of Telephone Interview Between NRC Geologist Alice 
Stieve and Dr. Frank Pazzaglia,” dated November 10, 2009.  More details about the staff’s 
review of the fault in the northern Chesapeake Bay as interpreted by Dr. Pazzalgia are provided 
in Section 2.5.1 of this report Tertiary Structures.  The staff concludes that the aerial and field 
investigation for potential surface faults within the site vicinity was thorough and appropriate and 
in support of RG 1.208.  Accordingly, the staff considers RAi 71, Question 02.05.01-31 resolved. 

The staff notes that in the eastern U.S. large earthquakes may not break the surface, but 
instead will produce surface liquefaction in widespread areas around the hypocentral location 
for the earthquake.  Therefore, information regarding a specific survey for liquefaction features 
would be an important component of an evaluation about surface faulting potential for a site.  
The staff notes that COL FSAR Section 2.5.3.1 provides no information about a liquefaction 
survey for the site vicinity.  Therefore in RAI 131, Question 02.05.3-1, the staff asked the COL 
applicant to provide information with respect to its search for possible liquefaction features in the 
CCNPP site vicinity.  In a September 17, 2009, response to RAI 131, Question 02.05.03-1, the 
COL applicant provided a description of their assessment of potential earthquake induced 
liquefaction features in the CCNPP site vicinity that included review of existing literature, 
discussion with researchers familiar with the Quaternary geology of the area, and aerial and 
field reconnaissance as well as site area aerial photography. 

The staff reviewed the extent and results of the COL applicant’s liquefaction assessment.  The 
staff examined several field and aerial reconnaissance maps provided by the COL applicant that 
illustrate flight lines, road traverses and field stops that demonstrate the geographic scope of the 
field work.  The staff verified that these investigations covered particular places where there 
might be young liquefiable deposits such as river terraces of the Potomac and Patuxent Rivers 
and the Pliocene-Miocene granular deposits in the Calvert Cliffs and other Quaternary fluvial 
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inset deposits within the cliffs along the western side of Chesapeake Bay.  The staff examined 
aerial photos of the fluvial terraces and stream valleys in the CCNPP site vicinity that illustrate 
the undeformed nature of these geomorphic features.  The staff notes that the COL applicant 
contacted principal authors of scientific papers published about the Quaternary geology and 
paleoliquefaction along the east coast of the U.S.  The staff concludes that the aerial and field 
investigation for potential liquefaction within the CCNPP site vicinity was thorough and 
appropriate and in support of RG 1.208.  The staff further concludes that there is no evidence of 
paleoliquefaction within the CCNPP site vicinity.  Accordingly, the staff considers RAI 131, 
Question 02.05.03-1 resolved. 

Based on its review of COL FSAR Section 2.5.3.1, the staff concludes that the COL applicant 
performed appropriate investigations to evaluate the potential for surface deformation in the 
CCNPP site area as required by 10 CFR 100.23.  This is based on the information provided in 
COL FSAR Section 2.5.3.1 and the COL applicant’s response to RAI 71, Questions 02.05.01-31 
and RAI 131, Question 02.05.03-1; the staff’s independent examination of recent pertinent 
literature; the assessment of information gained during the site visits in February 2009; and 
conversations with researchers with publications in this technical area. 

2.5.3.4.2 Geologic Evidence, or Absence of Evidence, for Surface Deformation 

The staff focused its review of COL FSAR Section 2.5.3.2 on the COL applicant’s description of 
faults within the site area and site vicinity.  The COL applicant discussed three features of 
interest to the CCNPP site:  the Hillville fault zone; the east facing monoclines proposed by 
McCarten, et al. (1995); and the stratigraphic undulations and hypothesized fault proposed by 
Kidwell (1997). 

The COL applicant concluded that based on regional and site data, there are no known faults 
within the CCNPP site area with the exception of the poorly constrained Hillville fault that lies 
along the western perimeter of the 8 km (5 mi) radius of the CCNPP site. 

Hillville fault 

The COL applicant concluded that the Hillville fault is not a surface-fault rupture hazard at the 
CCNPP site based on the absence of geomorphic expression, no seismicity, and no offset of 
Miocene to Quaternary surficial deposits. 

In Section 2.5.1.4.1.3.4 of this report, the staff reviewed and evaluated the information provided 
by the COL applicant in a April 15, 2009, response to RAI 71, Question 02.05.01-18, about the 
Hillville fault.  The staff reviewed original published papers regarding the Hillville fault as well as 
seismic reflection data provided by the COL applicant during the site visit to the Calvert Cliffs. 
The staff concludes that the HVFZ is not a surface rupture hazard to the CCNPP site. 
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East Facing Monoclines 

The COL applicant discussed the interpretation of McCarten, et al.(1995), of two east-facing 
monoclines inferred in geologic cross-sections and located along the western margin of 
Chesapeake Bay within the 8 km (5 mi) radius of the CCNPP site (shown in Figure 2.5.3-1of this 
report).  The COL applicant concluded that the monoclines do not represent a surface-fault 
rupture or deformation hazard at the CCNPP site because the Miocene St. Mary’s Formation is 
not deformed. 

In Section 2.5.1.4.1.3.4 of this report, the staff reviewed and evaluated the COL applicant’s 
April 15, 2009, response to RAI 71, Questions 02.05.01-32 and 02.05.01-49, regarding the east 
facing monoclines.  The staff concludes that the existence of the east facing monoclines is 
inconclusive and uncertain because there is no direct physical evidence of the feature; the 
interpretive cross-section of McCarten, et al. (1995), is based on only two boreholes, located 
34 km (21 mi) apart and; the structure contours of Eocene-aged (54.8- 33.7 Ma) Piney Point 
Formation (Achmad and Hansen, 1997) show no evidence of a fold.  Therefore the staff 
concludes that the inferred monoclines of McCarten, et al. (1995), are not a potential surface-
rupture hazard to the CCNPP site.  The staff reported in Section 2.5.1.4.1.3.4, “East Facing 
Monoclines,” that RAI 71, Questions 02.05.01-32 and 02.05.01-49 are resolved. 

Stratigraphic Undulations and Hypothesized Fault 

The COL applicant described the gentle, low-amplitude folds and a buried fault in cliff exposures 
along the west side of the Chesapeake Bay as interpreted by Kidwell(1997).  The COL applicant 
cited numerous investigations of the Chesapeake Bay coastline geology that report no distinct 
signs of tectonic deformation within the exposed Miocene deposits near the CCNPP site.  The 
COL applicant concluded based on its own field and aerial reconnaissance, and examination of 
LiDAR data, that there are no geomorphic features that indicate Quaternary deformation along 
the stated trend of the monoclines or the fault. 

In Section 2.5.1.4.1.3.4 of this report, the staff reviewed and evaluated the COL applicant’s 
May 1, 2009, response to RAI 71, Questions 02.05.01-27 and 02.05.01-50, regarding Kidwell’s 
hypothesized fault.  The staff finds that based on a review of the LiDAR data, Kidwell’s papers, 
the COL applicant’s field work and the visit to Moran Landing, the existence of a fault at depth at 
Moran Landing is highly uncertain.  The staff observes that there is no direct observation of the 
fault or any geophysical evidence to support the interpretation of a fault at the stratigraphic level 
of the cliffs.  The staff observes that the apparent offset is constrained to Miocene strata and 
cannot be carried into the overlying upland gravels.  Therefore, the staff concludes that the 
inferred fault at Moran Landing is not a surface rupture hazard to CCNPP site. 

Based on its review of COL FSAR Section 2.5.3.2, the COL applicant’s responses to RAI 71, 
Questions 02.05.01-18,02.05.01 -27, 02.05.01-32, 02.05.01-49 and 02.05.01-50, and the 
associated changes in COL FSAR, the staff finds that the COL applicant provided a thorough 
and accurate description of the geologic evidence, and made an appropriate assessment for the 
potential for surface deformation at the site in support of the COLA.  The staff finds that there is 
no surface rupture hazard to the CCNPP site due to tectonic or non-tectonic features.  The staff 
reported in Section 2.5.1.4.1.3.4 that RAI 71, Questions 02.05.01-18, 02.05.01-27, 02.05.01-32, 
02.05.01-49, and 02.05.01-50 are resolved. 
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2.5.3.4.3 Correlation of Earthquakes with Capable Tectonic Sources  

The COL applicant concluded in COL FSAR Section 2.5.3.3 that there is no reported historical 
earthquake epicenters associated with bedrock faults within the 40 km (25 mi) radius of the 
CCNPP site vicinity. 

In Section 2.5.1 of this report, the staff evaluated the COL applicant’s information about various 
geologic structures in the CCNPP region, vicinity and area and finds that there are no capable 
tectonic sources in the site vicinity.  The staff examined the seismicity map (shown in 
Figure 2.5.3-1 of this report) and concludes that there are no capable tectonic structures 
associated with earthquakes in the CCNPP site vicinity. 

The staff concludes that the COL applicant’s information in COL FSAR Section 2.5.3.3 was 
completed following the guidance in RG 1.208 and meets the requirements of 10 CFR 100.23.  
Further, the staff concludes that based on review of the regional and vicinity geology as well as 
the seismicity map provided by the COL applicant that there is no earthquake correlated with a 
capable tectonic source in the CCNPP site vicinity. 

2.5.3.4.4 Ages of Most Recent Deformation 

The staff focused its review of COL FSAR Section 2.5.3.4 on the youngest geologic age for the 
Hillville fault zone (HVFZ), the inferred fault at Moran Landing (Kidwell, 1997) and the inferred 
monoclines (McCarten, et al., 1995).  The staff noted that these are the only possible young 
tectonic structures within the site vicinity.  The COL applicant presented information about each 
fault in COL FSAR Section 2.5.1 and the staff’s evaluation of these structures is in 
Section 2.5.1.4 of this report. 

The staff consulted a structure contour map of the top of the Eocene (55 -34 Ma) Piney 
Point-Nanjemoy Aquifer (Achmad and Hansen, 1997) which indicates that the HVFZ does not 
offset or deform this regionally recognized stratigraphic marker and concludes that the HVFZ is 
older than 34 Ma.  The staff finds that the existence of monoclines interpreted by 
McCarten, et al., (1995) is uncertain and that if they exist, they are at least 33.7 Ma old.  This 
conclusion is based on the geologic cross-section provided by McCarten, et al., that shows no 
evidence of deformation or folding at the base of the Miocene (23.7-5.3 Ma) Choptank 
Formation and in the structure contour map of Eocene-aged (54.8- 33.7 Ma) Piney Point 
Formation from Achmad and Hansen (1997) that shows no deformation.  The Piney Point 
Formation underlies and is older than the Choptank Formation.  The staff finds that the 
existence of the inferred fault at Moran Landing (Kidwell, 1997) is uncertain, but direct 
observation of stratigraphic units in the Calvert Cliffs indicates Pliocene and Quaternary 
deposits are not affected.  The staff concludes that the apparent offset is constrained to 
Miocene strata (11 to 5.3 Ma). 

Based on its review of the information provided in the COL FSAR, the staff concludes that 
structures identified in the CCNPP site vicinity are at least 5.3 Ma and, therefore, are not 
considered to be active or capable tectonic sources. 

2.5.3.4.5 Relationship of Tectonic Structures in the Site Area to Regional Tectonic 
Sources 

In COL FSAR Section 2.5.3.5, the COL applicant stated that the Hillville fault zone (HVFZ) is the 
only tectonic structure within the 8 km (5 mi) radius of CCNPP site that is linked with a regional 
tectonic structure.  In reviewing the published literature, the staff finds that the HVFZ is possibly 
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associated with a  Paleozoic, lithotectonic-terrane boundary defined by a magnetic anomaly 
(Sussex-Curioman Bay aeromagnetic anomaly) that trends northeast and dips southeast about 
16 km (10 mi) west of the CCNPP site.  The terrane boundary was likely reactivated in the 
Mesozoic and Early Tertiary.  Hanson (1978) concluded the HVFZ was active into the Early 
Paleocene.  The staff finds that the HVFZ is older than 34 Ma because a structure contour map 
of the top of the Eocene (55 -34 Ma) Piney Point-Nanjemoy Aquifer (Achmad and Hansen, 
1997) indicates that the HVFZ does not offset or deform this regionally recognized stratigraphic 
marker.  The staff concludes that the association of the HVFZ with the terrane boundary does 
not have any impact on seismic or surface-fault rupture hazards for CCNPP because physical 
evidence provided by Hanson 1978 and Achmad and Hansen 1997 indicates the fault is not 
younger than 34 Ma.  Further, the staff concludes that there are no known tectonic structures in 
the site area that are linked to regional tectonic sources. 

2.5.3.4.6 Characterization of Capable Tectonic Sources  

The COL applicant stated that based on previous discussions in COL FSAR Section 2.5.3.4, 
there are no capable tectonic sources within 8 km (5 mi) of the CCNPP site.  Based on its 
review of COL FSAR Sections 2.5.3 and 2.5.1, the staff finds that the COL applicant provided a 
thorough and accurate description regarding characterization of capable tectonic sources within 
the CCNPP site vicinity. 

The staff reviewed the information provided in COL FSAR Sections 2.5.1 and 2.5.3, regarding 
the age of any tectonic structure in the site vicinity and note that the youngest possible structure 
is constrained to Miocene strata (11to 5.3 Ma).  The COL applicant’s field investigations carried 
out within the CCNPP site area and site vicinity indicate no signs of paleoliquefaction or other 
geomorphic features indicative of tectonic deformation.  The staff also considered observations 
made during a geologic site visit, and note a lack of identified tectonic structures described in 
existing professional publications covering the CCNPP area and a lack of seismicity in the site 
vicinity.  The staff finds that there is no evidence to suggest the presence of a capable tectonic 
source within the CCNPP site area. 

2.5.3.4.7 Designation of Zones of Quaternary Deformation at the Site  

The COL applicant stated in FSAR Section 2.5.3.2.7 that there are no zones of Quaternary 
deformation requiring detailed investigation within the CCNPP site area.  The staff reviewed and 
evaluated sections of the COL FSAR that describe the geologic structures located within  the 
CCNPP site area, namely the HVFZ, the inferred fault at Moran Landing as interpreted by 
Kidwell (1997), and the monoclines interpreted by McCarten, et al., (1995).  A detailed 
discussion of the staff’s evaluation is provided in Section 2.5.1.4 of this report.  All the data 
reviewed by the staff indicate the tectonic features are older than Quaternary (2.6 Ma) 
(discussed in Section 2.5.3.4.4 of this report) and do not rupture the surface (discussed in 
Section 2.5.3.4.2 of this report ).  The staff examined detailed topographic data (LiDAR) and 
noted an absence of geomorphic features that would suggest recent tectonic activity along the 
projected trends of these structures.  During the February 24-25, 2009, site audit, the staff 
specifically discussed with the COL applicant the possibility of Quaternary tectonic features in 
the CCNPP site vicinity and examined several field sites to verify conclusions of the COL 
applicant and the published papers. 

Therefore, the staff concludes that there are no zones of Quaternary deformation in the CCNPP 
site vicinity and no requirement for additional detailed field investigation.  In addition, the staff 
finds that the COL applicant provided a thorough and accurate description regarding possible 
Quaternary deformation zones in the CCNPP site region. 
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2.5.3.4.8 Potential for Surface Tectonic Deformation at the Site 

The COL applicant concluded in COL FSAR Section 2.5.3.8 that the potential for surface 
deformation at the site is negligible.  The staff concludes that there is no indication of surface 
deformation at the CCNPP site based on review of the published literature, the COL applicant’s 
characterization data, and a site visit to examine surficial geology in the CCNPP site vicinity.  
These findings are discussed in more detail in Sections 2.5.1.4.1 and 2.5.1.4.2 of this report and 
in the preceding Sections 2.5.3.4.2 and 2.5.3.4.6 of this report.  Therefore, the staff concludes 
that the potential for surface deformation is essentially non-existent. 

The staff concludes that there is no evidence of non-tectonic deformation at the CCNPP site, 
such as glacially induced faulting, collapse structures, growth faults, salt migration, or volcanic 
intrusion.  Glacially induced faulting and volcanic intrusion (geologically young) are not found in 
the region.  Some growth-like faults are interpreted from seismic reflection data in offshore 
Jurassic volcanic wedge deposits, further to the east of the CCNPP site, but they are not active 
or seismogenic.  In reviewing the stratigraphy in the site vicinity, the staff finds no evidence of 
limestone dissolution in the shallow stratigraphic units. 

2.5.3.5 Post Combined License Activities 

There are no post COL activities related to COL FSAR Section 2.5.3.  However, in Section 
2.5.1.4.2.6.1, “Deformation Zones,” the staff identified a geologic mapping License Condition 
related to COL FSAR Section 2.5.1.2.6.3 as the responsibility of the COL licensee.  
Section 2.5.1.5 of this report addresses this License Condition. 

2.5.3.6 Conclusion 

The staff reviewed the COLA and checked the referenced U.S. EPR FSAR.  The staff confirmed 
that the COL applicant addressed the required information relating to surface faulting, and there 
is no outstanding information expected to be addressed in the COL FSAR related to this 
section. 

As set forth above, the staff finds that the COL applicant provided a thorough characterization of 
the potential for surface deformation at the CCNPP site as required by 10 CFR 100.23 and 
10 CFR 52.79 (a)(1)(iii).  The staff considered the information gathered by the COL applicant 
during the regional and site-specific investigations.  Because of this review, the staff concludes 
that the COL applicant performed its investigations in accordance with10 CFR 100.23 and 
10 CFR 52.79(a)(1)(iii) by following guidance provided in RG 1.208.  The staff concludes that 
the COL applicant provided an adequate basis to establish that there are no known capable 
tectonic sources in the site vicinity that would cause surface or near-surface deformation in the 
CCNPP site area.  The staff concludes that the CCNPP site is suitable from the perspective of 
tectonic and non-tectonic surface deformation and meets the requirements of 10 CFR 100.23 
and 10 CFR 52.79(a)(1)(iii).  
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Figure 2.5.3-1 Map Showing Location of the Hillville Fault and Other Faults in Site Vicinity 
(taken from COL FSAR, Revision 8, Figure 2.5-25) 
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Figure 2.5.3-2 Cross Section from Kidwell Illustrating the Stratigraphic Section of the 
Calvert Cliffs Near CCNPP 

 
[Note:  The data gap caused by the stream valley cut out at Moran Landing.]   
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2.5.4 Stability of Subsurface Materials and Foundations 

2.5.4.1 Introduction 

COL FSAR Section 2.5.4 presents the COL applicant’s evaluation of the stability of subsurface 
materials and foundations that relate to the CCNPP site.  The properties and stability of the soil 
and rock underlying the site are important to the safe design and siting of the plant.  The 
information provided by the COL applicant in COL FSAR Section 2.5.4 addresses:  (1) Geologic 
features in the site vicinity; (2) static and dynamic engineering properties of soil and rock strata 
underlying the site; (3) the interface between the foundations for safety-related facilities and 
underlying materials at the site; (4) results of the geophysical surveys performed to provide the 
velocity profiles underneath foundation footprints; (5) excavation and backfill plans and 
engineered earthwork analysis and criteria for safety-related structure foundations; 
(6) groundwater conditions at the site and associated testing monitoring and analyses; 
(7) responses of site soils or rocks to dynamic loading; (8) soil liquefaction potential analysis 
and evaluation; (9) earthquake design bases; (10) results of investigations and analyses 
conducted to determine foundation stability, deformation, and settlement under static and 
dynamic loadings; (11) criteria, references, and design methods used in static and seismic 
analyses of subsurface materials and foundation stability; (12) techniques and specifications to 
be used at the CCNPP site to improve subsurface conditions and provide suitable foundation 
conditions; and (13) any additional information deemed necessary in accordance with 
10 CFR Part  52. 

2.5.4.2 Summary of Application 

COL FSAR Section 2.5.4 incorporates by reference U.S. EPR FSAR Tier 2, Revision 1, 
Section 2.5.4. 

In addition, in COL FSAR Section 2.5.4, the COL applicant provided site-specific information to 
address the following: 

COL Information Items 2.5-4, 2.5-6, 2.5-7, 2.5-9, 2.5-10, and 2.5-12 

• COL Information Item 2.5-4 

A COL applicant that references the U.S. EPR design certification will verify that 
site-specific foundation soils beneath the foundation basemats of Seismic 
Category I structures have the capacity to support the bearing pressure with a 
factor of safety of 3.0 under static conditions or 2.0 under dynamic conditions, 
whichever is greater. 

• COL Information Item 2.5-6 

• A COL applicant that references the U.S. EPR design certification will present 
site-specific information about the properties and stability of soils and rocks that 
may affect the nuclear power plant facilities under both static and dynamic 
conditions, including the vibratory ground motions associated with the CSDRS 
and the site-specific SSE. 

• COL Information Item 2.5-7 
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A COL applicant that references the U.S. EPR design certification will verify that 
the differential settlement value of ½ in per 50 ft in any direction across the 
foundation basemat of a Seismic Category I structure is not exceeded. 
Settlement values larger than this may be demonstrated acceptable by 
performing additional site-specific evaluations. 

• COL Information Item 2.5-9 

A COL applicant that references the U.S. EPR design certification will reconcile 
the site-specific soil and backfill properties with those used for design of 
U.S. EPR Seismic Category I structures and foundations described in 
Section 3.8. 

• COL Information Item 2.5-10 

A COL applicant that references the U.S. EPR design certification will investigate 
and determine the uniformity of the soil layer(s) underlying the foundation 
basemats of Seismic Category I structures. 

• COL Information Item 2.5-12 

A COL applicant that references the U.S. EPR design certification will provide an 
assessment of predicted settlement values across the basemat of Seismic 
Category I structures during and post construction. The assessment will address 
both short term (elastic) and long term (heave and consolidation) settlement 
effects with the site-specific soil parameters, including the soil loading effects 
from adjacent structures. 

In COL FSAR Section 2.5.4, the COL applicant addresses subsurface materials and 
foundations.  The COL applicant developed COL FSAR Section 2.5.4 based on the subsurface 
investigations performed to characterize the CCNPP site and the evaluation of the collected 
data.  The COL applicant noted that the subsurface conditions could affect the safe design and 
operation of the nuclear power facility and, therefore, considered the properties and stability of 
the soil and rock material at the site under both static and dynamic conditions.  Finally, the COL 
applicant considered the properties necessary for the evaluation of the GMRS.  The COL 
applicant also made comparisons to the updated COL FSAR for CCNPP Units 1 and 2, where 
there was applicable data for comparison.  The following 12 subsections provide a summary of 
the site investigations and material properties for the CCNPP Unit 3 site as outlined in 
RG 1.206. 

2.5.4.2.1 Geologic Features 

COL FSAR Section 2.5.4.1 refers to COL FSAR Section 2.5.1.1 for a discussion of the regional 
geologic features and COL FSAR Section 2.5.1.2 for a discussion of the geologic features at the 
CCNPP site. 

2.5.4.2.2 Properties of Subsurface Materials 

COL FSAR Section 2.5.4.2 reconciles the site-specific soil properties with those specified as 
part of the design of the Seismic Category I structures described in U.S. EPR FSAR Tier 2, 
Section 3.8. 
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2.5.4.2.2.1 Description of Subsurface Materials 

COL FSAR Section 2.5.4.2.1 describes the subsurface materials in the CCNPP site area as 
coastal plain sediments, mostly marine and fluvial deposits, approximately 762 m (2,500ft) thick.  
The COL applicant considered the upper 122 m (400 ft) of the soils during the subsurface 
investigations and divided the soils into five stratigraphic units based on their physical and 
engineering characteristics which are described below.  Figure 2.5.4-1 in this report presents 
the strata layout at the site. 

2.5.4.2.2.1.1 Stratum I – Terrace Sand 

COL FSAR Section 2.5.4.2.1.1 states that the Terrace Sand consists of brown sand with varying 
amounts of silt, clay and gravel.  The COL applicant encountered sandy soils similar in 
appearance to the terrace sand, but not as thick, in isolated locations in the CCNPP Unit 3 site 
area, but concluded that this material was man-made fill. 

2.5.4.2.2.1.2 Stratum II – Chesapeake Soils 

COL FSAR Sections 2.5.4.2.1.2, 2.5.4.2.1.3 and 2.5.4.2.1.4 describe the Chesapeake Soils.  
This stratum is divided into Stratum IIa – Chesapeake Clay/Silt, Stratum IIb – Chesapeake 
Cemented Sand, and Stratum IIc – Chesapeake Clay/Silt, and the Stratum IIb is further 
subdivided into Layers 1, 2, and 3 based on their visual appearance and material properties.  
The COL applicant described the Stratum IIa soils as medium-high plasticity clays and 
encountered in all boreholes except those in low-lying areas where the Stratum I soils had been 
eroded.  Stratum IIb consists of predominantly sandy soil with interbedded layers of silts and low 
to high plasticity clays; and Stratum IIc is primarily clay/silt soil with interbedded layers of sandy 
silt, silty sand, and cemented.  The COL applicant stated that Stratum IIb will be the load 
bearing stratum for all structures to be built. 

2.5.4.2.2.1.3 Stratum III – Nanjemoy Sand 

COL FSAR Section 2.5.4.2.1.5 describes the Stratum III Nanjemoy Sand as dark sand with 
interbedded silt, clay and sand with shell fragments.  The COL applicant characterized this 
stratum, for engineering purposes, as a sand of high plasticity, and estimated it to be 61 m 
(200 ft) thick.  Figure 2.5.4 -1 of this report shows the generalized CCNPP soil column. 

2.5.4.2.2.1.4 Subsurface Materials below 122 m (400 ft) 

COL FSAR Section 2.5.4.2.1.6 states that although the borings for CCNPP Unit 3 did not extend 
beyond 122 m (400 ft), the COL applicant determined that Coastal Plain Sediments extended 
from this depth to approximately 762 m (2,500 ft) based on existing literature and work done by 
others. 

2.5.4.2.2.2 Field Investigation Program 

COL FSAR Section 2.5.4.2.2 states that the COL applicant followed the guidance of RG 1.132 
during the planning of the field investigations for CCNPP Unit 3.  The COL applicant performed 
three phases of site investigation:  Phase I consisted of the initial investigation effort performed 
in 2006; Phase II was performed in 2008 to supplement the initial investigation program and 
verify the subsurface uniformity in areas where it considered the coverage inadequate after the 
initial phase of the investigation; and Phase III in 2009 for backfill characterization study.  The 
COL applicant presented the tests performed, the test results and the applicable industry 
standard for each test in COLA Part 11J. 
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2.5.4.2.2.2.1 Previous Subsurface Investigations 

COL FSAR Section 2.5.4.2.2.1 describes the subsurface investigations completed for CCNPP 
Units 1 and 2, including cone penetration tests CPTs, observation wells, slug testing, test pits, 
field electrical resistivity tests, suspension compression and shear wave velocity (P-S velocity) 
logging, and subsurface and excavation profiles. 

2.5.4.2.2.2.2 CCNPP Unit 3 Field Investigation 

COL FSAR Section 2.5.4.2.2.2 describes the subsurface investigation program performed for 
CCNPP Unit 3.  The COL applicant followed the guidance of RG 1.132 to determine the 
appropriate spacing and depth of borings, sampling procedures, in-situ testing, geophysical 
investigations and others.  The COL applicant summarized the scope of work and investigation 
methods used to perform the test borings and sample recovery.  The COL applicant performed 
a wide array of field tests in order to encompass the site area.  Among the three-phase field 
investigation, Phase I consisted of the initial investigation effort; Phase II included additional 
standard penetration test (SPT) borings and CPT soundings, among others; and Phase III was 
primarily conducting dynamic and static tests for structural fill.  COL FSAR Table 2.5-26 
provides a summary of field tests. 

Boring, Standard Penetration Test and Sampling, and Test Pits 

The COL applicant stated that soils were sampled using an SPT sampler as per American 
Society for Testing and Materials (ASTM) D1586, “Standard Test Method for Penetration Test 
and Split-Barrel Sampling of Soils,” (ASTM, 1999).  The soil samples were stored and classified 
by a field engineer or geologist during the boring activities.  The COL applicant stated that only 
on five instances during the boring activities, SPT values of 0 blows per 0.3 m (1.0 ft) were 
recorded.  The COL applicant stated that this happened on Stratum I soils and are 
inconsequential to the stability of the stratum, because these soils would be removed during 
excavation.  Due to the high N values obtained from the SPT sampling in Layer IIb, the COL 
applicant subdivided the load-bearing Layer IIb into three sub-layers based on the N-values.  
The COL applicant used the method described in ASTM D1587, “Standard Practice for Thin-
Walled Tube Sampling of Soils for Geotechnical Purposes,” (ASTM, 2000c) and a combination 
of Shelby tubes, Osterberg, and rotary Pitcher samplers to obtain undisturbed samples.  For 
calibration purpose, the COL applicant measured the SPT hammer energies using a pile driving 
analyzer to sample at 4.6 m (15 ft) intervals for each of the drilling rigs used.  The COL applicant 
estimated the energy transfer to gage locations using the Case Method and noted that the 
energy transfer efficiency was between 78 and 90 percent with an average of 84 percent. 

The COL applicant also excavated 20 test pits to a maximum depth of 3.0 m (10 ft) from which it 
collected bulk samples for laboratory testing. 

Cone Penetration Testing 

The COL applicant used an electronic seismic piezocone in the CPT soundings as per 
ASTM D5778, “Standard Test Method for Performing Electronic Friction Cone and Piezocone 
Penetration Testing of Soils,” (ASTM, 1995).  A total of 74 CPT soundings were performed and 
depths ranged from 3.6 to 46.3 m (12 to 152 ft).  The COL applicant stated that seismic CPT 
was performed at eight different locations and, in addition, 37 pore pressure dissipation tests 
were performed at various depths throughout the site.  Regarding the Stratum IIb soils, the COL 
applicant stated that all CPT soundings experienced refusal when encountering the highly 
cemented portions of this stratum.  The COL applicant stated that CPT sounding could only be 
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advanced after pre-drilling through the cemented portions of the sand.  The COL applicant 
stated that the regions where CPT sounding was refused were consistent with regions where it 
measured high N-values of SPT testing. 

Observation Wells, Slug Testing 

The COL applicant described the 47 groundwater observation wells that were installed to a 
maximum depth of 37.1 m (122 ft) at the CCNPP site.  The COL applicant performed slug 
testing using the falling head method to measure the in-situ hydraulic conductivity of the soils. 

Field Electrical Resistivity Testing 

The applicant performed four electrical resistivity tests on the site soils following the guidance of 
ASTM G57, “Standard Test Method for Field Measurement of Soil Resistivity Using the Wenner 
Four-Electrode Method,” (ASTM, 2001a) and Institute of Electrical and Electronics Engineers 
(IEEE) 81, “IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 
Potentials of a Ground System Part 1:  Normal Measurements,” (IEEE, 1983).  Although 
variations were observed, the COL applicant concluded that the collected resistivity values were 
valid and usable. 

Suspension P-S Velocity Logging Survey 

The COL applicant performed geophysical logging, specifically suspension P-S velocity logging, 
in a total of 13 boreholes to develop shear wave velocity profiles, determine the uniformity of the 
subsurface condition and ascertain the dynamic properties of the subsurface materials.  The 
COL applicant stated that during geophysical logging activities, field engineers or geologists 
were always present to review the results.  The results were recorded every 0.5 or 1 m 
(1.65 or 3.3 ft) as the probe was moved from the bottom of the borehole toward the ground.  
The data was obtained by vertically raising a 7.0 m (23 ft) probe containing a source near the 
bottom and two geophone receivers at the upper portion of the probe.  The COL applicant 
reported a range of shear wave (Vs) and compression wave (Vp) velocities for each of the 
subsurface strata and discussed the results in greater detail in COL FSAR Section 2.5.4.4. 

Pressuremeter and Dilatometer 

The COL applicant performed pressuremeter tests in pre-drilled boreholes using a digital 
electronic instrument to determine the pressuremeter modulus and limit pressure, unload/reload 
modulus as well as elastic modulus.  The COL applicant also performed dilatometer tests both 
in the powerblock and in the intake area to determine the strength, compressibility and other 
properties of the soil. 

2.5.4.2.2.3 Backfill Investigation  

The COL applicant conducted a backfill characterization study during Phase III of the field 
investigation.  The COL applicant identified the Vulcan Quarry in Havre de Grace, MD as a 
possible source of backfill and sampled the material in four batches to ascertain its static, 
chemical and dynamic properties, and to verify compliance with the design requirements.  The 
COL applicant stated that structural fill for CCNPP Unit 3 should be sound, durable, well graded 
sand or sand and gravel, with a maximum 25 percent fines content, and free of organic matter, 
trash, and other deleterious materials.  The COL applicant estimates that about 1.5 million cubic 
meters (2 million cubic yards) of structural backfill will be needed. 
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2.5.4.2.2.4 Laboratory Testing Program 

COL FSAR Section 2.5.4.2.4 states that the guidance of RG 1.138 was followed for the 
laboratory investigations.  The laboratory testing program included a various type of tests, 
including Resonant Column Torsional Shear (RCTS) tests, on soil and groundwater samples to 
determine the material and engineering properties of the subsurface materials under static and 
dynamic loading conditions.  The COL applicant summarized the laboratory testing data and 
recommended soil properties for its foundation analysis and subsequent design. 

2.5.4.2.2.5 Soil Properties for Foundation Analysis and Design 

COL FSAR Section 2.5.4.2.5 discusses how the data retrieved from the field and laboratory 
investigation program was used to develop soil engineering properties, which include the 
properties of general classification and index, chemical, performance, strength, elastic and 
dynamic, and backfill soil compaction under static loading conditions.  COL FSAR Tables 2.5-28 
to 2.5-63 summarize those properties for both the power block and intake areas.  The COL 
applicant then established estimated parameters based on those properties for uses in analysis 
of subsurface and foundation stability, including bearing capacity, settlement, lateral earth 
pressure, soil liquefaction potential and soil-structure-interaction (SSI) analyses. 

2.5.4.2.3 Foundation Interfaces 

In COL FSAR Section 2.5.4.3, the COL applicant discussed the interfaces between structure 
foundations and the subsurface soils at the CCNPP site.  The COL applicant provided 
subsurface and excavation profiles to illustrate the location of the plant’s facilities at the CCNPP 
site.  The foundation excavation and dewatering, bearing capacity and settlement, and slope 
stability are addressed in COL FSAR Sections 2.5.4.5, 2.5.4.10, and 2.5.5, respectively. 

2.5.4.2.4 Geophysical Surveys 

COL FSAR Section 2.5.4.2 refers to COL FSAR Sections 2.5.4.2.2 and 2.5.4.2.5.8 for a 
description of geophysical surveys performed and a description of dynamic soil properties, 
respectively.  The COL applicant also presented the best-estimate of the shear and 
compression wave velocity profiles underneath the foundation footprints. 

2.5.4.2.5 Excavation and Backfill 

COL FSAR Section 2.5.4.5 describes the source and quantity of backfill and borrow materials, 
the extent of excavations, fills and slopes, compaction specifications, and the dewatering and 
excavation methods. 

2.5.4.2.5.1 Source and Quantity of Backfill and Borrow 

COL FSAR Section 2.5.4.5.1 estimates a volume of 2.6 million cubic meters (3.5 million cubic 
yards) of material, primarily surficial soils of Stratum I, to be removed as part of the site 
excavation.  Based on laboratory test results, the COL applicant determined that most of the 
Stratum I materials are unsuitable for use as structural fill, therefore about 1.5 million cubic 
meters (2 million cubic yards) of structural backfill material are needed.  The COL applicant 
identified an off-site borrow sources at the Vulcan Quarry in Havre de Grace, MD to be the 
source to provide needed backfill soil. 
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2.5.4.2.5.2 Extent of Excavations, Fills, and Slopes 

COL FSAR Section 2.5.4.5.2 states that the finished grade in the CCNPP Unit 3 powerblock 
area will be between the elevations (El.) of 22 to 26 m (75 to 85 ft) with a centerline El. at 26 m 
(85 ft).  The COL applicant presented the planned site grades, the final grading plan for the 
CCNPP Unit 3 site area and all of the safety-related structures, as well as the water intake 
structure near the existing intake basin in figures.  COL FSAR Figure 2.5-173 illustrates the 
extent of excavations, backfilling, and slopes for the powerblock area.  The COL applicant plans 
to remove the entirety of Stratum I and IIa as part of the excavations, which requires excavation 
to a depth of 12 to 13.7 m (40 to 45 ft) below the final site grade in order to reach suitable load 
bearing layer - the Stratum IIb.  Once the suitability of the Stratum IIb soils is confirmed, the 
COL applicant plans to backfill the excavations up to the foundation level of the structures using 
either compacted structural fill or lean concrete placed as a leveling mat.  The properties of the 
lean concrete will be controlled through its compressive strength of at least 17.2 MPa 
(2,500 psi).  Finally, the COL applicant plans to use a sheetpile cofferdam to provide excavation 
support and aid in dewatering during the excavation of the Ultimate Heat Sink Makeup Water 
Intake structure and the Ultimate Heat Sink electrical building. 

2.5.4.2.5.3 Compaction Specifications 

COL FSAR Section 2.5.4.5.3 specifies that the structural fill will be granular and well-graded soil 
in nature and will be compacted to at least 95 percent of Modified Proctor optimum dry density 
and to within 3 percent of its optimum moisture content.  The COL applicant stated that the fill 
will be place in horizontal layers no more than about 20 cm (8 in.) in loose thickness that must 
be compacted to the given specifications before additional layers are added.  The COL 
applicant also described plans for continuous geotechnical engineering observation and 
inspection of fill placement and compaction operations to certify and ensure that the fill is placed 
and compacted properly.  The COL applicant further stated that any placed fill that does not 
meet the compaction specifications will be reworked until the specific compaction is obtained.  
The COL FSAR also specifies at least one in-place moisture content and field density test for 
every 929 square meters (sq m) (10,000 square feet (sq ft)) of each lift of fill; and for critical 
areas, at least one in-place moisture content and field density test will be performed at least 
every 153 cubic meter (200 cubic yards) of compacted fill.  The COL applicant also states that 
testing and analysis will be performed to confirm the structural fill shear wave velocity at the 
bottom of the basemats for Seismic Category I structures meets or exceeds the required values 
used in design and analyses. 

2.5.4.2.5.4 Dewatering and Excavation Methods  

COL FSAR Section 2.5.4.5.4 refers to COL FSAR Sections 2.4.12.5 and 2.5.4.6 for detailed 
descriptions of the groundwater conditions and dewatering at the CCNPP Unit 3 site, 
respectively.  The COL applicant plans to excavate using conventional methods, such as 
scrapers, excavators, and dump trucks.  The COL applicant noted that excavations into most of 
the site soils would not present major difficulties, but that excavation into the cemented sands 
may require additional methods, such as hoe-rams or other ripping tools.  The COL applicant 
also stated that all final subgrades would be inspected and approved through foundation and 
earthworks specifications such as proof-rolling, excavation and replacement of unsuitable 
materials and protection of surfaces from deterioration, prior to the placement of backfill soil or 
concrete.  The COL applicant also planned to monitor foundation heave at the site and referred 
to COL FSAR Section 2.5.4.10 for additional details of the monitoring program. 
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2.5.4.2.6 Groundwater Conditions 

COL FSAR Section 2.5.4.6 addresses groundwater conditions, dewatering during construction, 
the analysis and interpretation of seepage, permeability testing, and the history of groundwater 
fluctuations.  The COL applicant tested the permeability of the site soils using slug tests and 
referred to COL FSAR Section 2.4.12 for a detailed discussion of the tests and the treatment of 
groundwater conditions. 

2.5.4.2.6.1 Groundwater Conditions 

COL FSAR Section 2.5.4.6.1 describes the groundwater conditions and refers to COL FSAR 
Section 2.4.12 for additional information.  The COL applicant concluded that the surficial 
groundwater elevation in the CCNPP Unit 3 site area is at an average elevation of 24.3 m (80 ft) 
which was used as the design groundwater elevation.  The COL applicant identified a second, 
deeper groundwater surface between elevations 4.8 and 12.8 m (16 and 42 ft) and concluded 
that it will take measures during excavation to divert the groundwater flow of the deeper 
hydrostatic surface away from the excavations for CCNPP Unit 3.  The COL applicant also 
noted the elevation of the groundwater table in the Intake Area was about 0.91 m (3 ft).  Finally, 
the COL applicant noted that there are no Seismic Category I structures planned within the 
upper water-bearing soils, and that groundwater elevation after construction underneath the 
powerblock will be at an El. of 16.7 m (55 ft). 

2.5.4.2.6.2 Dewatering During Construction 

COL FSAR Section 2.5.4.6.2 describes the passive temporary dewatering necessary to manage 
groundwater during construction.  The COL applicant stated that it will control groundwater 
through site grading and/or a system of drainage ditches with, possibly, a series of sumps and 
pumps to collect and discharge the seeping water.  The COL applicant also stated that it will use 
a sheetpile cofferdam to temporarily dewater the excavation for the Ultimate Heat Sink Makeup 
Water Intake Structure.  The COL applicant concluded that the groundwater level should be 
maintained at least 0.91 m (3 ft) below the final excavation. 

2.5.4.2.7 Response of Soil and Rock to Dynamic Loading 

COL FSAR Section 2.5.4.7 states that the site-specific GMRS are modified to develop ground 
motion for design consideration and refers COL FSAR Sections 2.5.2 for details of the response 
of site soil and rock to dynamic loading.  The COL applicant refers to COL FSAR Section 3.7.1 
for development of the site SSE for design. 

2.5.4.2.8 Liquefaction Potential 

The COL applicant followed RG 1.198 to evaluate the liquefaction potential at the CCNPP Unit 3 
site.  COL FSAR Section 2.5.4.8 describes the previous liquefaction studies, soil and seismic 
conditions for CCNPP Unit 3 liquefaction analysis, the liquefaction evaluation methodology and 
conclusions. 

2.5.4.2.8.1 Previous Liquefaction Studies 

COL FSAR Section 2.5.4.8.1 describes the liquefaction studies completed for CCNPPUnits 1 
and 2 which evaluated the liquefaction potential at the CCNPP site based on data obtained from 
SPT borings, laboratory tests, in-place density determinations and geologic origin of the 
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site soils.  The results show that the CCNPP site has an adequate factor of safety against 
liquefaction. 

2.5.4.2.8.2 Soil and Seismic Conditions for the CCNPP Unit 3 Liquefaction Analysis 

COL FSAR Section 2.5.4.8.2 describes the soil and seismic conditions for CCNPP Unit 3, 
including the preliminary liquefaction assessment for CCNPP Unit 3 based on the liquefaction 
studies performed for CCNPP Units 1 and 2.  The COL applicant preliminarily concluded that 
the soils at CCNPP Unit 3 do not have the potential to liquefy, based on the aforementioned 
studies and the geologic similarity between the two areas in question.  To confirm this 
conclusion, the COL applicant adopted a common stratigraphy to establish soil boundaries and 
only evaluated soils in the upper 122 m (400 ft) as part of the liquefaction analyses.  The COL 
applicant stated that soils below the exploration depth of 122 m (400 ft) are not expected to 
liquefy because they are considered geologically old and sufficiently consolidated.  The COL 
applicant selected a higher peak ground acceleration (PGA) value of 0.15 g and a higher 
earthquake magnitude of 6.9 for use in the liquefaction analysis in order to be conservative. 

2.5.4.2.8.3 Liquefaction Evaluation Methodology 

COL FSAR Sections 2.5.4.8.3 through 2.5.4.8.8 describe the methodologies used in the soil 
liquefaction potential evaluation with details and results.  The COL applicant states that it used 
state-of-the-art methods to evaluate the soil liquefaction potential.  The COL applicant first 
calculated the cyclic stress ratio (CSR), which is a measure of stress imparted to the soils by the 
ground motion caused by an earthquake; then determined the cyclic resistance ratio (CRR), 
which is a measure of the resistance of the soils to the ground motion, based on SPT, Vs, and 
CPT data; and finally calculated the factor of safety (FS) as the ratio of CRR to CSR.  The COL 
applicant stated that soils with FS less than 1.1 are prone to liquefaction and vice versa. 

The COL applicant calculated the potential for liquefaction in the upper 122 m (400 ft) of the 
soils on the powerblock and intake areas.  The COL applicant noted that almost none of the 
data points determined from SPT data had an FS of less than 1.1.  However, the COL applicant 
noted that there are few data points with FS lower than 1.1, but all of those points are at 
elevations where the soil would be removed during excavation and construction, and were 
therefore not a concern.  The COL applicant concluded that there is no potential for liquefaction 
in the CCNPP Unit 3 powerblock and intake areas based on the SPT data.  For the method 
using Vs data, the COL applicant noted that all calculated FS were above 1.1, with most above 
4.0, indicating no potential for liquefaction.  Finally, based on CPT data, the COL applicant 
noted that although some data points in the upper layers resulted in FS of less than 1.1, these 
lower FS points occurred in locations where the materials will be excavated and replaced, or in 
areas where no structures are planned.  Based on the evaluation results of all three methods, 
the COL applicant concludes that soils in the upper 122 m (400 ft) on the powerblock and intake 
area are not prone to liquefaction. 

The COL applicant also examined the liquefaction potential for soils deeper than 122 m (400 ft) 
and for backfill soil.  Regarding the potential for liquefaction for soils deeper than 122 m (400 ft), 
the COL applicant stated that resistance to liquefaction is proportional to the geologic age of the 
soils and that the compactness and strength of soils increase with depth, and that liquefaction is 
not considered possible for soil with Vs greater than 609 m/s (2,000 fps); therefore, soils deeper 
than 122 m (400 ft), which have Vs values of about 670 to 853 m/s (2,200 to 2,800 fps), are not 
prone to liquefaction. 
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Regarding liquefaction in backfill, the COL applicant stated that there is no concern as long as 
the backfill soil is placed and compacted according to the design.  In addition, the COL applicant 
evaluated the proposed backfill using the Vs approach and concluded that there is no potential 
for liquefaction. 

2.5.4.2.8.4 Conclusion of Liquefaction Analyses 

COL FSAR Section 2.5.4.8.9 summarizes the liquefaction analyses completed for CCNPP 
Unit 3.  The COL applicant concluded that the results of the liquefaction analyses indicated that 
it did not anticipate liquefaction at the CCNPP Unit 3 site.  In addition, the COL applicant noted 
that the results are conservative because the analyses did not consider the effects of 
overconsolidation, cementation and age, which tend to increase resistance to liquefaction.  The 
COL applicant further points out that the removal of younger soils from the site area and 
placement of well compacted structural fill will also improve the resistance to liquefaction.  
Finally, the COL applicant discussed the guidance in RG 1.198 regarding the evaluation of 
liquefaction potential at the site and concluded that the use of a FS of 1.1 for liquefaction 
assessment was conservative for the CCNPP Unit 3 site. 

2.5.4.2.9 Earthquake Site Characteristics 

COL FSAR Section 2.5.4.9 refers to COL FSAR Section 2.5.2.6 for a description of the 
development of the horizontal ground motion response spectra, and COL FSAR Section 3.7.1 
for development of SSE ground motion, respectively. 

2.5.4.2.10 Static Stability 

COL FSAR Section 2.5.4.10 addresses the subsurface material and foundation stabilities at the 
CCNPP Unit 3 site, including the bearing capacity, settlement, uniformity and variability of 
foundation support media and lateral earth pressure analyses.  The COL applicant described 
the stability evaluations for all Seismic Category I structures with details of the methods, 
assumptions, and input parameters used in the analysis, results and conclusions. 

2.5.4.2.10.1 Bearing Capacity 

COL FSAR Section 2.5.4.10.1 describes the calculation of both the ultimate and allowable 
bearing capacity for the CCNPP Unit 3 site.  Ultimate bearing capacity is the maximum capacity 
of the soil to resist external loadings and the allowable bearing capacity is the ratio of the 
ultimate bearing capacity and a FS that varies depending on the type of analysis and loading.  
For example, the U.S. EPR standard design requires that all applicants referencing this design 
certificate shall prove that “site-specific foundation soils beneath the foundation basemats of 
Seismic Category I structures have the capacity to support the bearing pressure with a factor of 
safety of 3.0 under static conditions or 2.0 under dynamic conditions.” 

The COL applicant described the supporting foundation materials for all structures at the site 
and noted that it would not found any of the Seismic Category I structures on existing fill, 
Stratum I Terrace Sand, or Stratum IIA Chesapeake Clay/Silt.  The COL applicant stated that 
weighted average values of soil parameters were used based on the thickness of each stratum.  
In addition, the COL applicant stated that the groundwater table was conservatively set at the 
average grade surface elevation.  Since the common basemat has an irregular shape, 
approximately 7,432 m2 (80,000 ft2) in plan area, with outline dimensions of about 
110.6 m x 105.2m (363 ft x 345 ft), a representative foundation was used in calculations.  Based 
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on these assumptions, the COL applicant calculated the ultimate static bearing capacity using 
the Vesic, et al. (1975), and Meyerhof, et al. (1978), methods. 

The COL applicant considered three cases in the analysis.  The first one included all strata with 
weighted average values of strength parameters.  The second case only considered stratum IIb 
Chesapeake Cemented Sand with soil parameters of that layer.  Finally, the third case 
considered a punching shear failure mechanism because of a softer layer underlying the dense 
top layer at this site.  The COL applicant states that the third case is considered the most 
realistic approach for the CCNPP site. 

The COL applicant’s analysis results of the aforementioned three cases indicate that the 
punching failure case provides the most conservative results and therefore the ultimate bearing 
capacity obtained from this case is used to determine the allowable bearing capacity.  Based on 
the analysis results, the COL applicant concludes that the subsurface materials at this site will 
provide adequate allowable bearing capacity by using factors of safety of 3 and 2 for static and 
dynamic bearing capacities, respectively.  Table 2.5.4-1 of this report shows the bearing 
capacities calculated for major buildings. 

Table 2.5.4-1  Bearing Capacity 
(taken from COL FSAR Revision 8, Table 2.5-65) 

Building 
Bulding 

Load [ ksf ] 

Ultimate Bearing Capacity 

qult [ ksf ] 

Allowable Bearing 
Capacity qa [ ksf ](1) 

VESIC MEYERHOF
STATIC DYNAMIC

Case a Case b Case c(2) 

NI Common 
Mat 

11.8 192.7 228.9 70.5 23.5 35.2 

NAB 9.7 170.7 179.1 105.8 35.3 52.9 

EPGB 3.2 113.6 102.2 115.0 34.1 51.1 

ESWB 5.4 145.7 153.8 118.0 39.3 59.0 

UHS MWIS(3) 7.1 NA 35.2 NA 11.7 17.6 

Notes: 

- (1) With FS = 3.0 for static conditions and FS = 2.0 for dynamic condition (minimum qult 
used) 

- (2) Case c, Dense sand over soft clay 

- (3) Case b with Stratum II-C used for UHS, other scenarios are not applicable (NA). 
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2.5.4.2.10.2 Settlement 

COL FSAR Section 2.5.4.10.2 describes the settlement analysis for CCNPP Unit 3.  The COL 
applicant carried out its settlement analysis by the following procedure:  (1) Developed a 
three dimension (3D) model capable of capturing irregular subsurface conditions, realistic 
foundation footprints, and asymmetric loads; (2) performed a time-dependent simulation 
throughout construction and after; (3) incorporated the construction sequence in the settlement 
estimate; (4) accounted for asymmetric topography caused by variable reloading time on the 
excavated foundation during construction; and (5) performed simultaneous calculations of 
settlement for the nuclear island and adjacent facilities.  The COL applicant presented details of 
the settlement models used, and the analysis results of heave and settlement in the powerblock 
area and settlement in the intake area. 

2.5.4.2.10.2.1 Settlement Calculation Methodology 

The COL applicant performed the settlement analysis using the Finite Element Model (FEM) 
program Plaxis 3D, which calculates the displacement using numerical integration methods and 
simulates the response of soils to external loading.  The COL applicant stated that conservatism 
was maintained by using the Mohr-Coulomb model and by applying conservative ratios for 
unloading and loading sequences at different time steps during the analysis.  The COL applicant 
stated that this approach provides a better understanding of the effects the irregularity of the 
topography on settlement. 

2.5.4.2.10.2.2 Settlement and Heave Analysis in the CCNPP Powerblock Area 

During the settlement analysis for the CCNPP powerblock area, the COL applicant used a 
boundary condition in the FEM so that (1) only vertical displacements are allowed at the sides of 
model with two horizontal displacement components constrained, and the bottom of the model 
is constrained in both the vertical and horizontal directions; and (2) the model boundaries are far 
enough from the loaded areas, thus, consolidation is not impacted by free-drainage conditions 
at the sides of the model.  The COL applicant also extended the depth of the model to twice the 
width of the nuclear island footprint to minimize the effect of boundary on the analysis results.  
The COL applicant created two models for the powerblock area:  One model considers 
excavation and dewatering activities (ED model); and the second one considers construction 
and post-construction loading conditions (CPC model). 

Heave Analysis:  Excavation and Dewatering (ED Model) 

The COL applicant stated that dewatering activities will not produce settlement at foundation 
level due to the confinement of the surficial aquifer from the layers beneath Stratum IIa 
Chesapeake Clay/Silt; in contrast, heave would be experienced after excavation.  To model the 
heave, the COL applicant subdivided the powerblock into three zones to capture the difference 
in heave based on different depths of excavation and the current topography, ranging from low 
areas with average ground elevations of 18.2 m (60 ft) to high areas with average elevations of 
32.0 m (105 ft).  The COL applicant concluded that most of the heave is elastic and occurs 
immediately after excavation.  This model predicted that the maximum immediate heave at the 
center of containment due to excavation is 11.9 cm (4.7 in.), and will reach 13.5 cm (5.3 in) after 
one year if no backfill or other loading is placed in the excavation area. 
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Settlement Analysis:  Construction and Post-Construction (CPC Model) 

The COL applicant stated that the CPC model assumed that the dewatering and excavation 
stages from the previous model are complete, excess pore water pressures have dissipated and 
ground surface was re-leveled after immediate heave.  Settlement will be estimated from the 
beginning of construction.  The COL applicant applied the building loads in eight sequential 
steps, with the first five being backfill loading and the latter being different building loads.  The 
COL applicant assumed the groundwater level at El. of 11.6 m (38 ft) during construction to 
account for dewatering activities, and at 16.7 m (55 ft) for post-construction period in the 
powerblock area, while the groundwater elevation was assumed to be 21.0 m (69 ft) around the 
powerblock.  The COL applicant assumed that the stiffness of the foundation transitioned from 
an initial value corresponding to a 3.04 m (10 ft) thick of concrete mat to a rigid-body condition 
at the end of construction. 

The COL applicant used the soil properties described in COL FSAR Section 2.5.4.2.5 and 
increased the elastic modulus of the Nanjemoy Sand linearly as a function of depth at a rate of 
124 kPa per 0.3 m (2.6 ksf per foot).  Sensitivity analyses were performed based on 
three different scenarios that took into consideration of the representative settlement at low, 
medium, and high surface elevation zones.  The COL applicant stated that because of the 
sensitivity study, it is possible to assign the most representative case for each point throughout 
the foundation footprint, and obtain a reliable estimate of the increase of tilt for each structure.  
The COL applicant concluded that, depending on the original surface elevation, each zone will 
be best represented by one of the three cases considered. 

Settlement Analysis Results 

The COL applicant presented figures and plots to show the results obtained from various 
settlement analyses.  The figures include:  Settlement versus time for the nuclear island; 
settlement versus time for each foundation; settlement tracking cross sections; maximum tilt 
versus time for the nuclear island (NI); differential settlements between the NI and adjacent 
buildings, among others.  The most important ones are maximum estimated settlement versus 
time for the nuclear island and maximum tilt versus time for the nuclear island.  The COL 
applicant also presented a settlement contour plot from the FEM model.  The COL applicant 
stated that the maximum estimated settlement at the centerline of the nuclear island is 32.2 cm 
(12.7 in.).  The COL applicant noted that this value was influenced, as mentioned earlier, by the 
effects of loading and reloading at different surface elevation points. 

Regarding tilt or differential settlement, the COL applicant stated that tilt in the powerblock area 
will tend to extend from the perimeter to the center of the footprint.  Regarding maximum tilt 
across the nuclear island, the COL applicant stated that the effects of surface topography 
heavily influenced this phenomenon, especially in the west to east and southwest to northeast 
directions.  The COL applicant produced plots of various cross-sections of the nuclear island 
based on the topography that surrounds it.  The COL applicant stated that increases in tilt occur 
from points of high surface topography to points of low surface topography.  The analysis results 
indicate that the maximum tilts after construction, over 15.24 m (/50 ft) foundation length, are 
0.81 cm (0.32 in) for NI, 1.50 cm (0.59 in) for ESWB1, 1.83 cm (0.72 in) for ESWB2, 0.43 cm 
(0.17 in) for ESWB3, 1.07 cm (0.42 in) for ESWB4, 1.24 cm (0.49 in) for EPBG1, and 1.07 cm 
(0.42 in) for EPBG2 buildings, respectively. 

The COL applicant stated that the differential settlements between the NI and each adjacent 
building were determined for pairs of points at the center of the NI and each surrounding 
building, and also for pairs of points at the edges of the NI and each surrounding building.  The 
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analysis results indicate that the largest inter-building differential settlement was close to 
24.89 cm (9.8 in) between the center of the NI and the center of EPGB2.  The COL applicant 
also points out that this difference will be minimized by the time interval in construction because 
much of the NI settlement will have occurred prior to connection being made between the 
buildings. 

Regarding long term settlement, the COL applicant stated that secondary consolidation or 
heave caused by rewatering will be very small and the effects will counteract each other; mainly 
because the final applied stresses caused by the loading will be in the recompression range of 
the Stratum IIc soils, thus, secondary settlement is not important. 

Settlement Monitoring 

The COL applicant stated that the settlement monitoring program will record heave of the 
excavation bottom, the effects of dewatering and loading on the nuclear island basemat during 
and after construction.  The purpose of this monitoring program is to assess and document the 
actual settlements in comparison with the predicted settlement and the acceptable limits.  The 
settlement monitoring program consists of three primary tools:  piezometers, settlement 
monuments and settlement sensors and extensometers.  The COL applicant further described 
the monitoring plan in details and outlined the specific monitoring criteria for each of these tools 
and the instrumentation plan for both powerclock area and the Makeup Water Intake Structure 
(MWIS).  Finally, the COL applicant stated that the site should remain dewatered until the load 
versus time curves go asymptotic and only then can the connections between buildings be 
made.  All instruments will be monitored for at least 1 year after construction is completed and 
then the COL applicant will define the frequency and instruments to maintain a long-term 
monitoring program. 

Summary of Settlement Analysis 

The COL applicant stated that total settlement beneath the Reactor Building footprint is 
estimated at 32.2 cm (12.7 in.) with long term settlement negligible.  Table 2.5.4-2 of this report 
shows the maximum expected settlement at the center point of each building in the powerblock 
area.  Regarding differential settlement and tilting, the COL applicant stated that the maximum 
tilt adjusted for surface topography is approximately 2.5 cm over 15.2 m (1.0 in. over 50 ft) and 
is highest for the nuclear island in the southwest to northeast direction.  Since the estimated tilt 
settlements for ESWB 1 and ESWB 2 do not meet the U.S. EPR FSAR requirement of 1.27 cm 
per 15.2 m (0.5 in per 50 ft), to demonstrate acceptability of the estimated values, as per 
U.S. EPR criteria, the COL applicant stated that additional site-specific evaluations will be 
performed.  The COL applicant stated that such site-specific evaluations include the 
development and implementation of a monitoring plan that supplies and requires evaluation of 
information throughout construction and post-construction on ground heave, settlement, pore 
water pressure, foundation pressure, building tilt, and other necessary data to ensure that major 
structure foundations are behaving as predicted.  The COL applicant refers to COL FSAR 
Section 3.8.5 for additional discussion. 
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Table 2.5.4-2  Building Center Point Settlement Estimates 
(taken from COL FSAR, Revision 8, Table 2.5-68) 

Building Name 

 
Settlement [ in ] (Medium Elevation Surface 

Topography)(1) 

Step 1 2 3 4 5 6 7 8 

Day 60 140 300 500 800 1000 1400 2000 

Month 2 4 10 16 26 33 46 66 

Year 1 1 1 2 3 3 4 6 

Reactor (RB) 0.3 1.1 2.0 3.1 7.1 10.2 12.1 12.7 

Fuel (FB) 0.3 1.3 2.0 3.0 6.8 9.8 12.4 13.0 

Safeguard 1 (SGB1) 0.3 1.4 2.3 3.3 7.1 10.1 11.4 12.0 

Safeguard 2&3 (SGB23) 0.3 1.4 2.2 3.2 7.0 9.9  11.1 11.6 

Safeguard (SGB4) 0.3 1.3 2.2 3.2 6.9 9.8 12.1 12.5 

Nuclear Auxiliary (NAB) 0.4 1.4 2.2 3.2 6.5 9.1 12.0 12.3 

Access (AB) 0.4 1.6 2.4 3.5 7.0 9.8 11.4  11.7 

Radioactive Waste (RWPB) 0.5 1.3 1.9 2.7 5.1 6.9 9.4 9.6 

E. Service Water 1 (ESWB1) 0.0 1.6 2.0 2.6 4.7 7.0 7.4 7.4 

E. Service Water 2 (ESWB2) 0.0 1.7 2.2 2.9 5.5 8.3 8.9 9.1 

E. Service Water 3 (ESWB3) 0.0 2.0 2.5 3.3 6.0 8.8 9.1 9.2 

E. Service Water 4 (ESWB4) 0.0 1.9 2.3 3.0 5.3 7.9 8.1 8.2 

E. Power Generating (EPBG1) 0.0 0.0 0.0 3.8 5.9 7.6 9.5  9.6 

E. Power Generating (EPBG2)  0.0 0.0 0.0 3.7 5.7 7.1  8.5 8.7 

Notes: 

- (1) Settlement estimates correspond to Medium Elevation Surface Topography 2, Revert 
after 4th Step 

2.5.4.2.10.2.3 Settlement in the Intake Area   

The COL applicant stated that a similar procedure used to calculate the total and differential 
settlement for the powerblock structures was followed for the Intake Area.  The COL applicant 



2-118 

predicted the total settlement of 9.1 cm (3.6 in) and maximum differential tilt of 
1.0 cm per 15.2 m (0.4 in. per 50 ft) for the Intake Area.  

2.5.4.2.10.3 Uniformity and Variability of Foundation Support Media 

COL FSAR Section 2.5.4.10.3 discusses the three criteria for establishing uniformity in the 
foundation support media outlined in the U.S. EPR FSAR.  The first criterion states that because 
bedrock at the site is very deep and all foundations will be supported on structural fill over 
natural soils, non-uniform foundation conditions resulting from combined soil-rock support are 
not applicable.  The second criterion concerns the dip angle of soil layers.  The COL applicant 
stated that the stratigraphic lines delineating various soil units have gentle slopes of about 
1 to 2 degrees.  Although at isolated CCNPP Unit 3 locations, stratigraphic units dip up to about 
10 degrees, however, these steeper angles are less than the dip angle limit of 20 degrees from 
horizontal as defined in the U.S. EPR FSAR as the criterion for determining levelness of layers.  
Finally, the COL applicant stated that the shear wave velocity measurements clearly indicate the 
presence of uniform subsurface conditions.  Since the CCNPP Unit 3 site meets all of the 
aforementioned criteria, the COL applicant concluded that this site meets the design uniformity 
requirement. 

2.5.4.2.10.4 Earth Pressures 

COL FSAR Section 2.5.4.10.6 addresses the static and seismic lateral earth pressures for 
below grade walls at the CCNPP Unit 3 site.  For conservatism, the COL applicant excluded 
passive earth pressures.  The COL applicant stated that engineering properties of the structural 
fill were used to estimate earth pressures.  The COL applicant included lateral earth pressures 
associated with assumed surcharge loads of 23.9 kPa (500 psf) applied at the ground surface.  
The COL applicant also assumed that the ground surface behind the walls was horizontal, the 
side of the wall in contact with the backfill was vertical with no friction, the retaining walls were 
designed to move laterally while the building walls were prevented from lateral motion, and the 
properties of the backfill were consistent with those determined for foundation analysis and 
design. 

The COL applicant calculated the lateral pressure induced by the compaction of the backfill 
based on the assumption that the equipment can operate to within 15 cm (6 in) of the wall.  The 
COL applicant illustrated the resulting earth pressures and noted that significant reductions in 
the lateral pressures occurred as the distance to the wall was increased. 

The COL applicant estimated the static active earth pressure using the equation of Lambe, et al. 
(1969).  The COL applicant accounted for the hydrostatic pressure by assuming groundwater 
level to be at an El. of 16.7 m (55 ft), or 3.43 m (13.5 ft) above the foundation level of the NI. 

For seismic loading induced earth pressure, the COL applicant only considered horizontal 
ground accelerations because vertical ground accelerations are considered negligible according 
to widely accepted study results.  A seismic horizontal acceleration of 0.15 g was conservatively 
assumed during analysis.  The COL applicant used the Mononobe-Okabe equation to predict 
the active seismic soil pressures.  The COL applicant used the five-step method of Ostadan 
(2004) to estimate seismic at-rest pressure on below-grade walls for Seismic Category I 
structures.  This method recognizes the frequency content of the design motion, limited building 
wall movements and uses the soils’ Vs and damping as inputs.  Due to the relatively low 
seismicity at the CCNPP Unit 3 site and high permeability of backfill soil, the COL applicant did 
not consider seismic groundwater pressure in its calculations as the method indicated. 
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The COL applicant presented the earth pressure diagrams in COL FSAR Figure 2.5-196. 

2.5.4.2.11 Design Criteria 

COL FSAR Section 2.5.4.11 does not specify any departures from or supplements to the 
U.S. EPR FSAR standard design. 

2.5.4.2.12 Techniques to Improve Subsurface Conditions 

COL FSAR Section 2.5.4.12 states that no special ground improvement measure will be needed 
given the planned foundation depths and soil conditions at these depths.  The COL applicant 
will remove unsuitable materials and replace them with structural backfill or lean concrete.  The 
COL applicant planned to use proof-rolling to identify any unsuitable soils for further excavation 
and replacement, as well as to densify upper portions of the subsurface.  Finally, the COL 
applicant stated that it would use ground water control, appropriate excavation and compaction 
equipment, subgrade protection, and similar measures to maintain the integrity of the foundation 
soils. 

2.5.4.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the FSER 
related to the U.S. EPR FSAR. 

In addition, the applicable regulatory requirements for the stability of subsurface materials and 
foundations are as follows: 

• 10 CFR 50.55a - Codes and Standards, as it relates to the requirement that structures, 
systems, and components be designed, fabricated, erected, constructed, tested and 
inspected in accordance with the requirement of applicable codes and standards 
commensurate with the importance of the safety function to be performed. 

• 10 CFR Part 50, Appendix A, General Design Criterion 1 (GDC 1), "Quality Standards 
and Records," as it relates to the requirement that structures, systems and components 
important to safety be designed, fabricated, erected, and tested to quality standards 
commensurate with the importance of the safety functions to be performed.  It also 
requires that appropriate records of the design, fabrication, erection, and testing of 
structures, systems, and components important to safety be maintained by or under the 
control of the nuclear power unit licensee throughout the life of the unit. 

• 10 CFR Part 50, Appendix A, GDC 2, "Design Bases for Protection Against Natural 
Phenomena,” as it relates to consideration of the most severe of the natural phenomena 
that have been historically reported for the site and surrounding area, with sufficient 
margin for the limited accuracy, quantity, and period of time in which the historical data 
have been accumulated. 

• 10 CFR Part 50, Appendix A, GDC 44, "Cooling Water," as it relates to the requirement 
that a system be provided with the safety function of transferring the combined heat load 
from structures, systems, and components important to safety to an ultimate heat sink 
under normal operating and accidental conditions. 

• 10 CFR Part 50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and 
Fuel Processing Plants,” establishes quality assurance (QA) requirements for the 
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design, construction, and operation of those structures, systems, and components of 
nuclear power plants that prevent or mitigate the consequences of postulated accidents 
that could cause undue risk to the health and safety of the public. 

• 10 CFR Part 50, Appendix S, “Earthquake Engineering Criteria for Nuclear Power 
Plants,” as it applies to the design of nuclear power plant structures, systems, and 
components important to safety to withstand the effects of earthquakes. 

• 10 CFR Part 100, "Reactor Site Criteria," provides the criteria which guide the evaluation 
of the suitability of proposed sites for nuclear power and testing reactors. 

• 10 CFR 100.23 provides the nature of the investigations required to obtain the geologic 
and seismic data necessary to determine site suitability and identify geologic and 
seismic factors required to be taken into account in the siting and design of nuclear 
power plants. 

The related acceptance criteria from NUREG-0800, Secction 2.5.4 are as follows: 

• Geologic Features:  To meet the requirements of 10 CFR Part 50 and 10 CFR Part 100, 
the section defining geologic features is acceptable if the discussions, maps, and profiles 
of the site stratigraphy, lithology, structural geology, geologic history, and engineering 
geology are complete and are supported by site investigations that are sufficiently 
detailed to obtain an unambiguous representation of the geology. 

• Properties of Subsurface Materials:  To meet the requirements of 10 CFR Part 50 and 
10 CFR Part 100, the description of properties of underlying materials is considered 
acceptable if state-of-the-art methods are used to determine the static and dynamic 
engineering properties of all foundation soils and rocks in the site area. 

• Foundation Interfaces:  To meet the requirements of 10 CFR Part 50 and 
10 CFR Part 100, the discussion of the relationship of foundations and underlying 
materials is acceptable if it includes:  (1) A plot plan or plans showing the locations of all 
site explorations, such as borings, trenches, seismic lines, piezometers, geologic 
profiles, and excavations with the locations of the safety-related facilities superimposed 
thereon; (2) profiles illustrating the detailed relationship of the foundations of all Seismic 
Category I and other safety-related facilities to the subsurface materials; (3) logs of core 
borings and test pits; and (4) logs and maps of exploratory trenches in the COL 
application. 

• Geophysical Surveys.  To meet the requirements of 10 CFR 100.23, the presentation of 
the dynamic characteristics of soil or rock is acceptable if geophysical investigations 
have been performed at the site and the results obtained are presented in detail. 

• Excavation and Backfill:  To meet the requirements of 10 CFR Part 50, the presentation 
of the data concerning excavation, backfill, and earthwork analyses is acceptable if:  
(1) the sources and quantities of backfill and borrow are identified and are shown to 
have been adequately investigated by borings, pits, and laboratory property and strength 
testing (dynamic and static) and these data are included, interpreted, and summarized; 
(2) the extent (horizontally and vertically) of all Category I excavations, fills, and slopes 
are clearly shown on plot plans and profiles; (3) compaction specifications and 
embankment and foundation designs are justified by field and laboratory tests and 
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analyses to ensure stability and reliable performance; (4) the impact of compaction 
methods are incorporated into the structural design of the plant facilities; (5) quality 
control methods are discussed and the QA program described and referenced; 
(6) control of groundwater during excavation to preclude degradation of foundation 
materials and properties is described and referenced. 

• Ground Water Conditions:  To meet the requirements of 10 CFR Part 50 and 
10 CFR Part 100, the analysis of groundwater conditions is acceptable if the following 
are included in this subsection or cross-referenced to the appropriate subsections in 
Section 2.4 of the SAR: (1) Discussion of critical cases of groundwater conditions 
relative to the foundation settlement and stability of the safety-related facilities of the 
nuclear power plant; (2) plans for dewatering during construction and the impact of the 
dewatering on temporary and permanent structures; (3) analysis and interpretation of 
seepage and potential piping conditions during construction; (4) records of field and 
laboratory permeability tests as well as dewatering induced settlements; (5) history of 
groundwater fluctuations as determined by periodic monitoring of 16 local wells and 
piezometers. 

• Response of Soil and Rock to Dynamic Loading:  To meet the requirements of 
10 CFR Part 50 and 10 CFR Part 100, descriptions of the response of soil and rock to 
dynamic loading are acceptable if:  (1) An investigation has been conducted and 
discussed to determine the effects of prior earthquakes on the soils and rocks in the 
vicinity of the site; (2) field seismic surveys (surface refraction and reflection and in-hole 
and cross-hole seismic explorations) have been accomplished and the data presented 
and interpreted to develop bounding P and S wave velocity profiles; (3) dynamic tests 
have been performed in the laboratory on undisturbed samples of the foundation soil 
and rock sufficient to develop strain-dependent modulus reduction and hysteretic 
damping properties of the soils and the results included. 

• Liquefaction Potential:  To meet the requirements of 10 CFR Part 50 and 
10 CFR Part 100, if the foundation materials at the site adjacent to and under Seismic 
Category I structures and facilities are saturated soils and the water table is above 
bedrock, then an analysis of the liquefaction potential at the site is required. 

• Static Stability.  To meet the requirements of 10 CFR Part 50 and 10 CFR Part 100, the 
discussions of static and dynamic analyses are acceptable if the stability of all 
safety-related facilities has been analyzed from a static and dynamic stability standpoint 
including bearing capacity, rebound, total and differential settlements and lateral 
pressure under dead loads of fills and plant facilities, and dynamic including seismic 
loading conditions. 

• Design Criteria:  To meet the requirements of 10 CFR Part 50, the discussion of criteria 
and design methods is acceptable if the criteria used for the design, the design methods 
employed, and the factors of safety obtained in the design analyses are described and a 
list of references presented. 

• Techniques to Improve Subsurface Conditions:  To meeting the requirements of 
10 CFR Part 50, the discussion of techniques to improve subsurface conditions is 
acceptable if plans, summaries of specifications, and methods of quality control are 
described for all techniques to be used to improve foundation conditions (such as 
grouting, vibroflotation, dental work, rock bolting, or anchors). 
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In addition, the geologic characteristics should be consistent with appropriate sections from:  
RG 1.27, “Ultimate Heat Sink for Nuclear Power Plants”; RG 1.28, “Quality Assurance Program 
Requirements (Design and Construction)”; RG 1.132, “Site Investigations for Foundations of 
Nuclear Power Plants”; RG 1.138, “Laboratory Investigations of Soils And Rocks for 
Engineering Analysis and Design of Nuclear Power Plants”; RG 1.198, “Procedures and Criteria 
for Assessing Seismic Soil Liquefaction at Nuclear Power Plant Sites”; and RG 1.206, 
“Combined License Applications for Nuclear Power Plants (LWR Edition).” 

2.5.4.4 Technical Evaluation 

This section provides the staff's technical evaluation of the geophysical and geotechnical 
investigations carried out by the COL applicant to determine the static and dynamic engineering 
properties of the materials that underlie the CCNPP Unit 3 site, and the technical information 
presented in COL FSAR Section 2.5.4 resulted from the COL applicant's field and laboratory 
investigations for the COLA and the analysis results of subsurface materials and foundation 
stability under both static and dynamic conditions, including liquefaction potential, bearing 
capacity, settlement and lateral earth pressure analyses performed by the COL applicant. 

In addition, during the review of the COLA, the staff observed some of the COL applicant's 
onsite borings and field explorations performed at the Calvert Cliffs site to determine whether 
the COL applicant followed proper regulatory guidance. 

2.5.4.4.1 Geologic Features 

COL FSAR Section 2.5.4.1 refers to COL FSAR Section 2.5.1 for discussion of regional and 
CCNPP site geologic features.  The staff’s evaluation is presented in corresponding section in 
this report. 

2.5.4.4.2 Properties of Subsurface Materials 

COL FSAR Section 2.5.4.2 describes the stratigraphy encountered at the CCNPP site, and the 
field and laboratory investigation activities performed to determine soil properties used in 
various subsurface materials and foundation stability analyses.  The staff reviewed the COL 
applicant’s implementation of the guidelines of RG 1.132 and RG 1.138 when conducting field 
and laboratory tests to determine the properties of the subsurface materials. 

Based on its review of the information presented in COL FSAR Section 2.5.4.2, the staff 
confirmed that the COL applicant relied on several effective field and laboratory testing 
technologies to determine the properties and conditions of the subsurface materials at the 
CCNPP site, and the COL applicant followed the guidelines of RG 1.132 and RG 1.138.  The 
staff concludes that the COL applicant used adequate methods and provided sufficient 
information to determine the properties of subsurface materials, which provides a reliable base 
for subsurface material and foundation stability evaluation. 

2.5.4.4.2.1 Chemical Properties 

In COL FSAR Section 2.5.4.2, the COL applicant described the various tests it performed on 
in-situ soils to determined relevant soil properties, including chemical properties such as pH, 
chloride content and sulfate content tests.  The COL applicant identified dolomite or calcite as 
the cementing agent for the sand soil layer and stated that the absence of these materials in this 
layer could be attributed to low pH groundwater.  In addition, COL FSAR Section 2.5.4.2.5.2 
states that based on chemical test results, all natural soils at the site are corrosive to metals and 
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aggressive to concrete.  In RAI 218, Question 02.05.04-8, the staff asked the COL applicant to 
discuss the possible soil strength reduction caused by low pH groundwater. 

In a September 30, 2010, response to RAI 218, Question 02.05.04-8, the COL applicant stated 
that the pH measurements from the Surficial aquifer are averaged at 5.2.  Because the average 
pH value from the Surficial aquifer is very close to the pH value of rainwater, the COL applicant 
concluded that the recharge of the Surficial aquifer is from local precipitation.  The COL 
applicant noted that, although in the Upper Chesapeake Unit (UCU) aquifer the average pH is 
7.4, the possibility of strength reduction of the cemented sand layer due to mixing of the low pH 
Surficial aquifer with the UCU aquifer is extremely low because of the high buffering capacity of 
the UCU aquifer.  The COL applicant further documented that the natural waters are “buffered 
systems” and the subsurface pH is controlled by the groundwater pH which is in equilibrium with 
the subsurface material.  Since one key parameter that controls the pH of the groundwater is 
alkalinity, the COL applicant measured the alkalinity of the groundwater samples from the 
Surficial and UCU aquifers periodically during 2008 and 2009, and consistent alkalinity values 
were observed throughout the CCNPP site.  The groundwater monitoring results showed total 
alkalinity values averaging 209 mg/I (4.18 mEq/L) for the UCU aquifer and almost no alkalinity 
for the Surficial aquifers. 

The COL applicant then estimated the acid neutralizing capacity of the UCU aquifer.  The COL 
applicant states that even with a very conservative assumption that the Surficial and UCU 
aquifers mix in equal volumes, the pH value for the mixed groundwater would be about 7.2.  
Therefore, the COL applicant concludes that the UCU aquifer has enough buffering capacity to 
neutralize the Surficial aquifer when mixed after construction, and no strength reduction is 
anticipated in the cemented sand layer. 

The staff reviewed the COL applicant’s September 30, 2010, response to RAI 218, 
Question 02.05.04-8 and COL FSAR Section 2.4.12 regarding the groundwater model and 
concurs that although the pH value is low for the Surficial aquifer, the water entering the 
cemented sand layer will be neutralized to a pH value of about 7.2 because of the “buffered 
systems” effect, where the water with a high pH value from the Upper Chesapeake Unit aquifer 
will neutralize the low pH value water from the Surficial aquifer.  Since no acid groundwater is 
expected to enter the cemented sand layer underneath the plant foundations, the staff 
concludes that the soil strength reduction potential is very small at the CCNPP Unit 3 site.  
Accordingly, the staff considers RAI 218, Question 02.05.04-8 resolved. 

COL FSAR Section 2.5.4.2.5.2 summarizes the chemical test results and the COL applicant 
concludes that “all natural soils at the site will be considered aggressive to concrete, requiring 
protection if placed within these soils.”  Also, COL FSAR Table 3.8-1, referred to in COL FSAR 
Section 2.5.4.2.5.7, “Coefficient of Friction,” provides the sliding coefficient for each stratum with 
values ranging from 0.21 to 0.60.  Many Seismic Category I structures with concrete 
foundations will be built on Stratum IIb soil, and the U.S. EPR FSAR Tier 2, Section 2.5.4.3 
requires that a COL applicant to confirm that the site soils have sliding coefficients of friction 
equal to at least 0.7.  Comparing the site soil condition with the design requirement, in RAI 218, 
Questions 02.05.04-9 and 02.05.04-10, the staff asked the COL applicant to provide additional 
information on what measures will be taken to protect the concrete and also meet other design 
requirements, such as the sliding coefficient parameter defined in the U.S. EPR standard 
design. 

In a July 23, 2010, response to RAI 218, Questions 02.05.04-9 and 02.05.04-10, the COL 
applicant stated that Seismic Category I structures will be built on structural fill, which does not 
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have the aggressive properties associated with the natural soils.  However, some deep 
structures associated with the NI will penetrate the water table and have the possibility of being 
exposed to the low pH groundwater.  To protect the concrete, a waterproof lining system will be 
installed.  The COL applicant refers to a detailed discussion of the lining system design and the 
coefficient of friction in its July 23, 2010, responses to RAI 144, Questions 03.08.04-01 through 
03.08.04-14 and RAI 145, Questions 03.08.05-01 through 03.08.05-06. 

The staff reviewed the COL applicant’s response to RAI 218, Questions 02.05.04-9 and 
02.05.04-10, and the responses to RAI 144 and RAI 145 and noted that the COL applicant 
provided detailed information regarding the waterproofing membrane applied to buried walls and 
foundations in responses to RAI 144, Questions 03.08.04-4, 03.08.04-11 and 03.08.04-12; and 
addressed the sliding coefficient parameters in RAI 145, Questions 03.08.05-1 and 03.08.05-3.  
Based on these RAI responses, the COL applicant proposed changes to COL FSAR Section 3.8 
and its associated Appendix 3E; a new departure in COLA Part 7 to address the coefficient of 
friction being less than the standard design value; changes to COL FSAR Section 1.8.2 to 
reflect the new departure; and a new ITAAC on the waterproofing membrane in COLA Part 10.  
The staff’s evaluation of the responses to RAI 144 and RAI 145 is documented in Section 3.8 of 
this report.  Since the COL applicant adequately addressed concrete foundation protection with 
the proposed waterproofing design, and its sliding coefficient parameters, and the staff 
confirmed that the proposed revision described in this RAI response was incorporated in the 
latest COL FSAR, the staff therefore considers RAI 218, Questions 02.05.04-9 and 02.05.04-10 
resolved. 

2.5.4.4.2.2 Vs and Strain Dependent Properties of Backfill 

The staff noted that COL FSAR Section 2.5.4.2.5.8 presents the low strain dynamic properties 
for the backfill soil and indicates that the shear wave velocity Vs for the backfill below the EPGB 
is about 274 m/s (900 fps).  This velocity is lower than the minimum Vs (305 m/s, or 1,000 fps) 
requirement specified in the U.S. EPR standard design and thus was identified as a departure in 
this COLA.  Since the standard design revised the specification of the minimum Vs, in RAI 218, 
Question 02.05.04-6, the staff requested that the COL applicant revise the minimum Vs 
departure in the COL FSAR and the Vs-related ITAAC. 

In an April 7, 2010, response to RAI 218, Question 02.05.04-6, the COL applicant revised COLA 
Part 7, “DCD Departures,” to specify that the acceptable Vs values are 192 m/s and 219 m/s 
(630 and 720 fps) for the EPGBs and ESWBs, respectively.  The COL applicant also revised 
COLA Part 10, “ITAAC,” to update the acceptance criteria for the minimum Vs. 

The staff reviewed the revised COLA, Part 7 and Part 10, and COL FSAR Section 2.5.4.5.3 
regarding the minimum Vs at the site, and the procedure of measuring the backfill Vs for the 
ITAAC.  The staff noticed that the COL applicant specified the minimum Vs required for the 
materials underneath the safety-related structures for this site, and provided details on the Vs 
measurements.  The COL applicant stated that it will use the Spectral Analysis of Surface 
Waves (SASW) method to measure the Vs and produce Vs profiles with depths at three 
locations - one at the bottom of foundation along a line beneath the center line of each structure, 
the second parallel to the first line in areas adjacent to each structure but away from concrete 
basemat or other structures, and a third at the finish grade elevations directly above the second 
line in the area free from structures.  The COL applicant also stated that it will compare the 
recorded Vs measurements to the Vs measurements from RCTS testing at comparable confining 
pressures to allow for correlation of the design (laboratory-based) and actual (field-based) 
measurements.  In addition to SASW testing, the COL applicant plans to utilize a second 
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geophysical method, such as down-hole testing, to measure the Vs at one final rough or finished 
grade location for each structure for redundancy and confirmation purposes.  The COL applicant 
also proposed revising the COL FSAR based on the COL applicant’s April 7, 2010, response to 
RAI 218, Question 02.05.04-6. 

After its review of the COL applicant’s April 7, 2010, response to RAI 218, Question 02.05.04-6, 
and the latest revision of the COL FSAR, the staff concludes that the COL applicant provided 
adequate Vs ITAAC and associated testing procedures.  The three sets of SASW tests and 
multiple test lines will allow direct assessment of the backfill quality and variability at the 
different elevations of the backfill foundation, and permit verification of the increase in Vs value 
at the same vertical location due to the confining pressure increases induced by the continuous 
placement of backfill soil.  Since the SASW measurements will also be compared with a second 
geophysical method, the Vs measurements can be verified and will be more reliable.  Therefore, 
the staff concludes that the COL applicant adequately addressed the Vs departure issue, 
provided detailed Vs ITAAC and associated testing procedures to ensure that the Vs of the 
backfill meet the site-specific design specification and, thus, ensure the stability of safety-related 
structures and foundations.  Accordingly, the staff considers RAI 218,Question 02.05.04-6 
resolved. 

In COL FSAR Section 2.5.4.2.5.9, the COL applicant discussed the strain dependant properties 
of soils in the CCNPP area and refers to the report, “Reconciliation of EPRI and RCTS Results, 
Calvert Cliffs Nuclear Power Plant Unit 3” (Bechtel, 2007), included in the COLA as Part 11J.  
The staff noted that the report provided a description of how these properties were estimated for 
some soils at the site, but made no mention about the backfill soils.  Therefore, in RAI 218, 
Question 02.05.04-12, the staff requested that the COL applicant to explain how the strain 
dependant properties for backfill soils were calculated. 

In an April 7, 2010, response, the COL applicant provided additional information to explain how 
the strain dependent properties were developed for backfill soil.  For backfill soil, the COL 
applicant performed eight RCTS tests with 95 percent of the target optimum unit weight for the 
recommendation and compared them to the 80 and 100 percent target cases; and the RCTS 
results with confining pressures close to the actual field conditions were used to develop the 
recommended strain dependent curves for backfill soil.  The COL applicant then compared the 
EPRI generic soil degradation curves for granular soils to the laboratory test results and 
adjusted the curves to fit the designed backfill soil in-situ condition.  The damping was assigned 
using the lower range values based on laboratory data. 

After reviewing the COL applicant’s April 7, 2010, response to RAI 218, Question 02.05.04-12,  
and COL FSAR Figures 2.5-149, 2.5-150, and 2.5-151 that show the recommended EPRI fitted 
curve along with the laboratory testing data, the staff concludes that the COL applicant used an 
adequate procedure to conduct RCTS tests and to develop strain dependent properties for 
backfill soil with consideration of the in-situ stress condition; and the procedure also accounted 
for some uncertainty, such as the variation of soil compaction.  Therefore,  the recommended 
backfill soil strain dependent property curves are reasonable and fit the field condition.  The staff 
further concludes that the COL applicant provided a satisfactory explanation of how it developed 
the strain dependent properties for backfill soil.  Accordingly, the staff considers RAI 218, 
Question 02.05.04-12 resolved. 

2.5.4.4.2.3 Soil Dynamic Properties 

In COL FSAR Section 2.5.4.2.5.9, the COL applicant stated that it extrapolated the EPRI sand 
curves for soils beyond 304.8 m (1,000 ft) in depth to characterize deeper soils.  Since there are 
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no soil samples collected deeper than 122 m (400 ft) at the site and, therefore, no laboratory 
test data available, in RAI 240, Question 02.05.04-22, the staff asked the COL applicant to 
provide a basis for the extrapolation method, a figure showing examples of the shear modulus 
and damping curves for depths below 304.8 m (1,000 ft), and a description of the impact of 
variation of the extrapolated curves on the site response analysis. 

In a June 18, 2010, response to RAI 240, Question 02.05.04-22, the COL applicant stated that 
during the CCNPP Unit 3 Site Investigation it performed RCTS tests on soils collected from the 
upper 122 m (400 ft) of the site.  The COL applicant noted that soil deeper than 122 m (400 ft) 
consists of Marlboro Clay, Aquia/Brightseat Sand, Patapsco Sand, and the Patuxent/Arundel 
Clay.  Since the EPRI "sand" curves cover a depth range of up to 304.8 m (1,000 ft) and there is 
no laboratory test data available, the COL applicant developed the soil degradation curves for 
the soil deeper than 304.8 m (1,000 ft) by extrapolating the EPRI curves.  The COL applicant 
then provided a set of curves derived from the RCTS results for the upper soils and compared 
them with the proper EPRI curves.  These curves are illustrated in Figure 2.5.4-2 in this report.  
The comparison indicates that for the Marlboro Clay and Patuxent/Arundel Clay, the 
corresponding EPRI curves are between the curves for Stratum I sand (Curve 3, in the figure), 
and Strata II and III soils (Curve 2), but closer to Curve 2; and for Aquia/Brightseat Sand and 
Patapsco Sand, the corresponding EPRI curves are between the curves for Stratum IIc clay/silt 
(Curve 1) and Curve 2, but also closer to Curve 2.  Considering the depths of these soils, the 
soil degradation curves for Strata II and III soils can reasonably represent the soil deeper than 
304.8 m (1,000 ft).  As for soil variation, the COL applicant calculated that the maximum strains 
are in the 10-2 to 10-3 percent range for the input motions based on the initially adopted EPRI 
curves for soils below 304.8 m (1,000 ft), and at such strain levels, the difference between the 
EPRI-based and RCTS-based curves are minor to insignificant as indicated from the figures.  
Therefore, the COL applicant concluded that the potential impact of variation of the extrapolated 
curves on the site response analysis is negligible and is conservatively covered by the 
randomization of the soil column and strain dependant properties when conducting site seismic 
response analysis. The COL applicant proposed changes to COL FSAR Section 2.5.4.2.5.9 to 
incorporate the information described in the RAI response. 

After reviewing the COL applicant’s June 18, 2010, response to RAI 240, Question 02.05.04-22, 
the staff concurs that the soil degradation curves developed for deeper soils based on EPRI 
curves are reasonable because:  (1) the EPRI curves were developed based on data for 
different sites and soils, therefore, are generic curves suitable for a range of soils; (2) the curves 
applied for deeper soils were compared with the curves based on RCTS test data to take the 
site-specific condition into consideration; and (3) the density and stiffness of deeper soil 
normally are greater than that of soil at shallower depth; therefore, the reduction of shear 
modulus of deeper soil under the same seismic loading will be less than the same type of soil at 
a shallower depth.  Since the shear strain caused by the expected seismic loading is very small, 
the variation of degradation of the soil property is negligible in that shear strain range.  
In addition, the randomization procedure used in the site seismic response analysis accounts for 
the uncertainty and variability of subsurface materials.  Based on the above considerations, and 
the confirmation that the latest revision of the COL Unit 3 FSAR has incorporated the proposed 
changes, the staff concludes that the COL applicant adequately addressed the degradation 
property of soils deeper than 304.8 m (1,000 ft).  Accordingly, the staff considers RAI 240, 
Question 02.05.04-22 resolved. 
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2.5.4.4.3 Foundation Interfaces 

COL FSAR Section 2.5.4.3 briefly summarizes the subsurface soil profiles at the CCNPP site.  
In addition, the COL applicant referred to COL FSAR Sections 2.5.4.5 and 2.5.4.10 for details 
on the foundation interfaces.  The staff concludes that the COL applicant adequately 
investigated the subsurface materials beneath the CCNPP site based on:  (1) the review of plots 
showing the locations of all site explorations, such as borings, seismic lines, piezometers, 
geologic profiles, and excavations along with the locations of the safety-related facilities; (2) the 
review of the profiles illustrating the detailed relationship of the foundations of all Seismic 
Category I and other safety-related facilities to the subsurface materials, shown in 
Figure 2.5.4-3 of this report as an example; and (3) the review of soil borings and CPT 
soundings. 

2.5.4.4.4 Geophysical Surveys 

COL FSAR Section 2.5.4.4 refers to COL FSAR Section 2.5.4.2 for a detailed review and 
interpretation of geophysical surveys performed.  The staff focused its review on the adequacy 
of the COL applicant’s geophysical investigations to determine soil dynamic properties.  Based 
on COL FSAR Revision 5, during the February 2009 audit, the staff asked that the COL 
applicant provide more information on the dynamic properties of the proposed backfill and site 
soils.  In response to the staff’s query, the COL applicant added the results of new research and 
tests performed in COL FSAR, Revision 6.  Overall, the COL applicant performed a series of 
geophysical surveys to characterize the subsurface geology at the CCNPP site, which included 
suspension P-S velocity logging in 13 boreholes, downhole logging, RCTS tests for the 
proposed backfill, and conversion of sonic profile logs to Vs logs to ascertain the properties of 
soils beyond the exploration depth of 122 m (400 ft).  The staff concluded that the geophysical 
tests and methods, as described by the COL applicant in COL FSAR Section 2.5.4.2, are 
adequate for determination of the static and dynamic properties of the subsurface materials, and 
meet the requirements of 10 CFR Part 100.23. 

2.5.4.4.5 Excavations and Backfill 

In COL FSAR Section 2.5.4.5, the COL applicant described excavation and backfill plans for 
Seismic Category I structures, which include:  (1) the overall extent of the earthwork involved; 
(2) the excavation methods and dewatering controls; (3) the properties and sources of backfill 
materials; (4) compaction requirements for backfill; and (5) foundation excavation monitoring 
plans.  The staff focused its review on whether the COL applicant demonstrated that its 
excavation and backfill plans will ensure the static and dynamic stability requirements for 
safety-related structures at the CCNPP site to be met. 

In COL FSAR Section 2.5.4.5.2 the COL applicant stated that most Seismic Category I 
structures will be founded on the top of Stratum IIb cemented sand layer.  The COL applicant 
subdivided the sand layer into three sublayers based on their SPT N values, gradation, and 
properties.  The staff noted that, for Stratum IIb, there is great variation in the measured values 
of Vs, and the shear strength properties for this layer were determined based on very limited 
testing data.  Since the properties for Stratum IIb will directly affect the foundation’s stability, in 
RAI 218 Question 02.05.04-3 the staff asked the applicant to explain how it incorporated 
specific soil parameters and associated variability for this layer into relevant calculations (such 
as bearing capacity, settlement, SSI and GMRS), and how it characterized the soil shear 
strength property based on limited test data. 
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In a July 23, 2010, response to RAI 218 Question 02.05.04-3, the COL applicant addressed the 
staff’s concerns.  First, the COL applicant stated that it used weighted average values of soil 
strength property parameters c', φ' and γ' to account for the variability of soil properties in the 
bearing capacity calculation.  The COL applicant then provided a detailed explanation in Part 2 
of its July 23, 2010, response to RAI 218 Question 02.05.04-15.  The COL applicant determined 
the weighted average values based on the relative thickness of each stratum in the zone 
between the bottom of the foundation and an influence depth that is equivalent to the building’s 
lateral dimension.  The COL applicant also performed a sensitivity study to verify the adequacy 
of the weighted average soil strength parameter approach.  The COL applicant used analytic 
models Slope/W and Plaxis 2D in the sensitivity study, in which it used the actual soil profile of 
the CCNPP Unit 3 Powerblock area and the corresponding soil strength properties for each 
layer, including sublayers.  

Second, to study the impact of the soil variability and limited laboratory testing data on the soil 
strength parameters of some layers in the stability analyses, the COL applicant performed 
parametric study in the bearing capacity calculation.  In this study, the COL applicant used the 
lower bound value of soil parameters based on lab testing data and engineering judgment.  The 
lower bound value is normally defined as at least one standard deviation below the mean value.  
The COL applicant discussed the parametric study results in Part 3 of its July 23, 2010, 
response to RAI 229 Question 02.05.04-17, and the results showed that even using the lower 
bound values, the CCNPP site will still meet the bearing capacity requirements. 

Third, regarding the effect of the variability of subsurface material properties on site seismic and 
SSI analyses, the COL applicant explained that during the site seismic response analysis, the 
development of the best estimate soil profile accounted for the totality of the Vs measurements 
at the site, and the amplification analysis to develop the GMRS incorporated random variability 
of the Vs profile.  In addition, the GMRS at the CCNPP Unit 3 site results in a peak ground 
acceleration (PGA) of 0.08 g, while the site-specific SSE is chosen to have a PGA of 0.15 g, 
which almost doubles the GMRS PGA value.  The SSI analysis used three sets of strain 
dependant shear modulus and damping curves - mean and mean ± one standard deviation, 
which cover a wide range of the soil parameter values to account for the soil property variation. 

Finally, to examine the variation of Vs on the horizontal plane, the COL applicant refered to 
Part 2 of its July 23, 2010, response to RAI 218 Question 02.05.04-15 and Part 3 of its 
July 23, 2010, response to RAI 229 Question 02.05.04-17 for details.  The COL applicant 
divided the site into four zones (shown in Figure 2.5.4-4 of this report) and compared Vs data 
obtained from five borings:  Three of them are in Zone 4, the nuclear island area, and the other 
two are located about 100 m (330 ft) south-east (in Zone 6) and 150 m (500 ft) north-west (in 
Zone 1) of the nuclear island.  The COL applicant states that at a given elevation, the variation 
within Zone 4 is almost the same as that between Zone 1, Zone 4, and Zone 6, which implies 
that the Vs is independent of the horizontal location. 

The staff reviewed all related parts of the RAI responses from the COL applicant and reached 
the following conclusions:  (1) the use of lower bound values for soil property parameters can 
account for the variation of soil properties, and it is also a conservative approach.  For example, 
the lower bound cohesion value used in the analysis was 50 percent of the mean value, and for 
internal friction angle, the lower bound values were about 12 to 25 percent less than the mean 
values for all natural soil layers.  Therefore, the staff finds the COL applicant’s approach 
acceptable; (2) the procedure used in site seismic response analysis takes the soil property 
variation into account.  During the site seismic response analysis, the soil profiles are 
randomized with the soil parameter values varying in a wide range, and 60 artificial randomized 
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soil profiles are used in the analysis to account for the uncertainties and variation existing in the 
subsurface material properties, locations of layer boundaries, and correlation between analysis 
input parameters when determining the GMRS and site-specific SSE.  Since the soil profiles 
used in the SSI analysis are based on the results of site seismic response analysis, the variation 
of soil properties is accounted for as well; and (3) although there is notable horizontal Vs 
variation at certain soil layers, the weighted average soil property parameters used in bearing 
capacity analysis effectively takes this variation into consideration, and the sensitivity study 
conducted by the COL applicant confirmed that using the weighted average soil property 
parameters approach is reasonable.  Based upon the above conclusions, the staff considers 
RAI 218, Question 02.05.04-3 resolved. 

In COL FSAR Section 2.5.4.5.2, the COL applicant stated that it will determine the extent of the 
excavations based on the observation of actual conditions at the time of the excavation.  
However, because the boundary of the bearing layer soil at the site is not clearly distinguishable 
and it is unclear to the staff what procedure and criteria the COL applicant will use to determine 
the actual extent of excavation in the field, in RAI 218, Question 02.05.04-4, the staff asked the 
COL applicant to provide additional information. 

In an April 7, 2010, response, the COL applicant stated that the existing in-situ materials that 
meet the design to provide a competent foundation for CCNPP Unit 3 are defined as Stratum 
lIb-Chesapeake Cemented Sand.  These materials are typically light to dark gray in color and 
have a SPT N-value generally greater than 20.  To confirm that the design elevation is reached, 
two methods may be used:  One method is to proof-roll the entire excavated area with a 
compaction vehicle until the grade offering a relatively unyielding surface (i.e., less than one 
inch); the other one is to perform in-situ compaction testing by means of ASTM D7380-08 
and/or ASTM D1556. 

Considering that the proof-rolling method may not be a reliable method to identify a specific soil 
layer, and that there is no reliable correlation between either the dynamic cone penetration 
(DCP) value or sand-cone test, and the SPT value.  Therefore, in RAI 268, 
Question 02.05.04-24, the staff asked the COL applicant to justify why the proposed field 
compaction tests can be used to identify the Stratum IIb soil.  The COL applicant’s 
December 6, 2010, response to RAI 268, Question 02.05.04-24 states that to confirm the 
excavation having reached the load bearing Stratum IIb, a geotechnical engineer will develop a 
chart that provides a correlation between SPT N-values and the DCP values following ASTM 
STP 399 with site-specific calibration to increase the accuracy of the correlation.  The COL 
applicant planned to perform additional testing to establish data correlation after excavation has 
begun until the Stratum IIb layer is reached.  Once the Stratum IIb soil has been exposed, the 
COL applicant will perform a grain size analysis and photograph the material with appropriate 
color coding.  The COL applicant further stated that the DCP testing will be performed to 
characterize the subsurface conditions once the design elevation is reached.  The suitability of 
the design elevation will then be determined based on DCP test correlation, grain size, and the 
soil color code.  Structural backfill placement will not begin until the final excavation grade is 
verified and approved by the geotechnical engineer, and a geologist will map the exposed 
stratum.  Finally, acceptance will be documented on a Final Foundation Acceptance form that 
will be completed by the responsible parties and included in the report.  The COL applicant then 
proposed revision to the COL FSAR accordingly. 

After reviewing the COL applicant’s December 5, 2010, response to RAI 268, 
Question 02.05.04-24, the staff finds that the COL applicant provided a procedure of 
establishing correlation between SPT N-value and DCP test reading based on available SPT 
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data.  The correlation will be updated, and calibrated during excavation to make sure that this 
correlation is suitable for this site.  This calibration procedure is reasonable because it follows 
the normal standard guidelines and is site-specific, therefore the calibrated DCP correlation can 
provide reliable estimate of the SPT N-values for soil in the field.  The staff concludes that by 
conducting the DCP test with properly established correlation between DCP data and 
SPT N-value, and performing grain size analysis, plus in-field soil color observation and 
geologic mapping, the competent soil layer Stratum lIb-Chesapeake Cemented Sand can be 
accurately identified, and thus to confidently determined the extent of excavation in the field.  
With the confirmation of that proposed revision has been incorporated in the latest revision of 
the COL FASR, the staff considers RAI 218, Question 02.05.04-4, and RAI 268, 
Question 02.05.04-24 resolved. 

In COL FSAR Section 2.5.4.5.2, the COL applicant states that most Seismic Category I 
structures will be backfilled with compacted structural fill to the foundation level or, if necessary, 
lean concrete will be used as a leveling mat.  For clarification, in RAI 218, Question 02.05.04-5, 
the staff asked the COL applicant to provide criteria that will be used to decide where to place 
the leveling mat, and the properties of lean concrete.  The staff also asked the COL applicant to 
provide the controls to be used to ascertain that the lean concrete can support the foundation’s 
static and dynamic loads. 

In a June 28, 2010, response to RAI 218, Question 02.05.04-5, the COL applicant provided 
details about the concrete fill.  The concrete fill (lean concrete) is comprised of high aggregate 
and low cement contents and will be used in lieu of compacted structural fill when needed. 
Concrete fill with a 28-day compressive strength of 17,240 kPa (2,500 psi) will be used for this 
site.  To determine the Vs of the concrete fill, the COL applicant used two empirical 
approaches – both approaches are based on a relationship between Vs and concrete 
compressive strength.  Based on an American Concrete Institute recommendation, the Vs value 
is about 1,919 m/s (6,295 ft/sec).  By using the correlation proposed by Cho et al., the 
corresponding Vs is about 2,300 to 2,400 m/s (7,500 to 7,900 fps), therefore, a Vs value of 
2,134 m/s (7,000 fps) will be used for concrete fill.  The damping for mass, unreinforced 
concrete fill is 1 percent.  The COL applicant further stated that the concrete fill will be placed 
where the final subgrade elevations are lower than the design foundation elevations.  
Depending on the groundwater condition and where excavations extend below the groundwater 
level, it may be necessary to place a concrete "plug" at the excavation bottom to counteract 
excessive upward seepage forces and/or to preserve the integrity of the soil subgrade.  In 
restricted spaces, lean concrete may also be used to avoid the difficulties associated with such 
circumstances. 

For the proposed concrete fill with a compressive strength of 17,240 kPa (2,500 psi), the design 
bearing strength is about 10,280 kPa (1,490 psi) estimated by using ACI 349-01 with a 
reduction factor of 0.7, which is far greater than the static and dynamic bearing capacity 
requirements.  The COL applicant further pointed out that the properties of concrete fill will be 
controlled following standard ASTM C39 during construction to ensure that concrete with a 
minimum 17,240 kPa (2,500 psi) compressive strength is achieved.  Details of testing is 
addressed in project specifications, which will contain topics including concrete mix design to 
achieve the specified compressive strength, control of heat of hydration by placing relatively thin 
lifts to minimize cracking as well as control of fly ash content to minimize heat of hydration, 
methods of sampling and testing, frequency of testing, acceptance criteria, and applicable 
standards.  The COL applicant also proposed a revision to the COL FSAR to include the 
detailed description of the concrete fill. 
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The staff reviewed the COL applicant’s June 28, 2010, response to RAI 218, 
Question 02.05.04-5, checked the engineering properties of the proposed concrete fill by using 
the referring industrial standards, and confirmed that the proposed revision to COL FSAR 
Section 2.5.4.5.2 has been incorporated in the latest revision of the COL FSAR.  The staff finds 
that the COL applicant adequately addressed the staff’s concern about the concrete fill by 
providing details of the properties, the uses and locations, and the design bearing capacity of 
the proposed concrete fill, as well as the procedure to ensure the quality of the concrete fill 
during construction.  Since the proposed concrete fill will provide adequate foundation support 
to meet all design stability requirements, the staff concludes that the use of proposed concrete 
fill is acceptable.  Accordingly, the staff considers RAI 218, Question 02.05.04-5 resolved. 

COL FSAR Section 2.5.4.5.3 states that structural fill will be compacted to a minimum 
95 percent of its maximum dry density, and within 3 percent of its optimum moisture content, 
using the Modified Proctor Compaction test procedure.  COL FSAR Section 2.5.4.5.3 further 
states that the in-place density and moisture content testing frequency will be a minimum of 
one test per 929 m2 (10,000 ft2) fill placed.  Since the backfill will be placed directly underneath 
the safety-related structure foundations, the quality of the backfill placement is a very important 
issue.  Therefore, in RAI 218, Question 02.05.04-7, the staff requested that the COL applicant 
justify whether the backfill field density test frequency of one test per 929 m2 (10,000 ft2) is 
adequate by itself without specifying other controls or procedures, such as no lift should be 
more than 20 cm (8 in.) in thickness and a routine acceptance control test should be conducted 
for at least every 51 cubic meter (200 cubic yards) of compacted backfill material in critical 
areas. 

In an April 7, 2010, response to RAI 218, Question 02.05.04-7, the COL applicant first provided 
additional information on material, placement and compaction of the backfill.  The response 
stated that the structural fill will use granular materials, with well-graded sand, gravel, or 
crushed gravel, and typically not containing more than 10 percent of fines, and no less than 
95 percent by weight passing the 19 mm (¾ in.) sieve.  The maximum allowable aggregate size 
will be 25 mm (1 in.) and the gradation will be determined in accordance with ASTM D422 and 
D1140.  The COL applicant further states that the fill will consist of durable materials free from 
organic matters or any other deleterious or perishable substances, and can be compacted 
readily to a firm and non-yielding state.  For compaction, the COL applicant specified that the 
structural fill will be compacted at a moisture content of ±3 percent of the optimum, and 
compaction will be done to 95 percent of Modified Proctor optimum dry density.  The maximum 
dry density and optimum moisture content will be determined in accordance with ASTM D1 557.  
The fill materials will be placed in horizontal layers usually not greater than 20 cm (8 in.) in loose 
thickness, and be spread evenly and mixed thoroughly to obtain uniformity of material and 
moisture in each layer.  Then the backfill will be thoroughly compacted to the specified degree 
of compaction with proper types of compacting equipment.  The COLapplicant stated that it will 
conduct continuous geotechnical engineering observations and inspections of fill placement and 
compaction operations to certify and ensure that the fill is properly placed and compacted in 
accordance with the project plans and specifications with field density tests for each layer of fill 
in accordance with ASTM D1556.  The COL applicant will determine the moisture content either 
in the laboratory or in the field following the guidance of ASTM D2216 and D6938, respectively.  
If the surface is disturbed, the density tests will be made in the compacted materials below the 
disturbed zone.  If any layer of fill or portion does not meet the specified minimum requirement, 
the particular layer or portions will be reworked until the specified relative compaction is 
obtained. 
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The COL applicant then described additional quality control methods besides the backfill field 
test frequency of a minimum of one test per 929 m2 (10,000 ft2) of fill and clarified that at least 
one in-place moisture content test and one field density test will be performed on every 929 m2 
(10,000 ft2) of each lift of fill, and further placement is not allowed until the required relative 
compaction has been achieved.  The number of tests will be increased if a visual inspection 
determines that the moisture content is not uniform or if the compacting effort is variable and not 
considered sufficient to meet the project specification.  For critical areas, minimum filed tests will 
be performed for every 51 m3 (200 cubic yards) of compacted fill.  The COL applicant also 
proposed the revision of the COL FSAR to include the aforementioned detailed requirement for 
backfill. 

After its review of the RAI response and the latest revision of the COL FSAR, the staff 
concludes that the COL applicant provided sufficient information to specify the type of backfill 
material and its gradation requirements, backfill placement in the field, types of field tests and 
test frequencies, and the industry standards to follow, which will ensure the quality of backfill 
placed in the field and also to ensure it meets the design and foundation stability requirements; 
therefore it is acceptable.  Also, the staff confirmed that the COL applicant incorporated all 
proposed changes in the latest revision of COL FSAR.  Accordingly, the staff considers 
RAI 218, Question 02.05.04-7 resolved. 

2.5.4.4.6 Ground Water Conditions 

In COL FSAR Section 2.5.4.6, the COL applicant described the current and historical 
groundwater conditions as they affect the loading and stability of foundation materials at the 
CCNPP site; and discussed its plans for dewatering during construction.  The COL applicant 
referred to COL FSAR section 2.4.12 for additional information. 

The staff noticed that COL FSAR Section 2.5.4.2.5.8 states that the expected depth of the 
groundwater is 9.1 m (30 ft) due to new drainage patterns.  Also, COL FSAR Section 2.5.10.2.2 
states that the post-construction groundwater elevation in the power block area was assumed at 
El. 16.8 m (55 ft) for the settlement analysis, which is about 8.5 m (28 ft) below grade surface 
(El. 25.3 m (83 ft)).  However, COL FSAR Section 2.4.12.5 states that the maximum 
pre-construction groundwater level is currently at or slightly above the proposed grade level in 
the nuclear island area, while the post-construction groundwater level ranges from 
approximately 1.8 to 4.0 m (6 to 16 ft) below the ground surface.  Since ground water level will 
affect the stability of site subsurface materials, foundations, structures and slopes, in RAI 218, 
Question 02.05.04-11, the staff asked the COL applicant to explain the discrepancy regarding 
post-construction ground water level, and discuss the impact on site seismic response, SSI, 
settlement and lateral earth pressure analyses if a higher groundwater level has to be used. 

In an April 7, 2010, response to RAI 218, Question 02.05.04-11, the COL applicant clarified that 
the correct post-construction groundwater elevation level should be at EL. 16.8 m (55 ft) based 
on its analysis.  The COL applicant planned to revise the higher groundwater elevation 
described in COL FSAR Section 2.4.12.5 as part of the responses to other RAI questions 
related to COL FSAR Section 2.4.12.5.  However, the staff noted that a later revision of COL 
FSAR Section 2.4.12.5 states that the post-construction “water table in the power block area will 
be well below the site grade level. In all simulations, the water table in the power block area was 
more than 25 ft [7.6 m] below the site grade level of 85 ft [26 m] (NGVD 29).”  This conclusion 
indicates that the maximum post-construction groundwater level is approximately at an elevation 
of 18.3 m (60 ft), which is higher than the elevation of 16.8 m (55 ft) used in the site stability 
analyses.  Therefore, in RAI 295, Question 02.05.04-30, the staff requested that the COL 
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applicant discuss the impact of the higher groundwater level on site seismic response, SSI, 
settlement, lateral earth pressure and slope stability analyses, and on the foundation/structure 
and slope stabilities at the CCNPP site. 

In a March 21, 2011, response to RAI 295, Question 02.05.04-30, the COL applicant provided a 
detailed discussion of post-construction groundwater elevations for the CCNPP Unit 3 power 
block area.  The COL applicant specifically noted that COL FSAR Figure 2.4-96 shows the 
modeled post-construction groundwater elevations for the CCNPP Unit 3 power block area.  
The groundwater contour at an elevation of 18.3 m (60 ft) is only at the edge of the excavation, 
while the groundwater elevation is at 16.8 m (55 ft) or less beneath the safety-related structures 
except for Emergency Service Water Building (ESWB) 4.  The groundwater elevation at 
ESWB 4 is slightly higher than elevation 16.8 m (55 ft), but below elevation 18.3 m (60 ft).  
Since the groundwater level is higher than an elevation of 16.8 m (55 ft) only for the ESWB 
structures, the COL applicant focused on the impact of this higher groundwater level on the 
ESWB 4 stability analyses. 

First, the COL applicant examined the effect of a higher groundwater level on the seismic 
response and concluded that the small groundwater level difference of less than 1.5 m (5 ft) will 
have a minimal impact on the seismic response analysis result because of the soil profile 
randomization process used in the analysis and, therefore, will have a negligible impact on the 
development of the Foundation Input Response Spectra (FIRS) for the ESWBs.  Furthermore, 
because the input motion is the site SSE, which is bounded by the FIRS, the small difference in 
groundwater elevation and associated increases in compression wave velocity Vp in a very thin 
soil layer at ESWB 4 will not affect the SSI analysis results.  The difference in groundwater 
elevation will also have no impact on settlement, which will occur primarily during construction, 
nor the sliding and overturning analyses.  Regarding the slope stability, the only slope in the 
power block area that will be affected by groundwater level is west of the Fire Protection 
building and tanks, and NI; and the estimated groundwater elevation in this area is lower than 
the 16.8 m (55 ft) used in the slope stability analysis, therefore it will not affect the slope stability 
analysis results. 

The staff examined the post-construction groundwater level contours presented in COL FSAR 
Figure 2.4-96 and concurs that the post-construction groundwater level will be at elevation of 
16.8 m (55 ft) for all safety-related structures except the ESWB 4 building where the 
groundwater elevation is slightly higher, but by no more than 1.5 m (5 ft).  Considering that this 
groundwater elevation will mainly affect Vp, with minimal impact on the site seismic response 
analysis and FIRS determination, as well as the SSI analysis and the sliding stability of the 
ESWB 4 building, the staff concludes that the slightly higher groundwater level below the 
ESWB 4 building will not affect the related site and structure stability analyses results.  
Accordingly, the staff considers RAI 218, Question 02.05.04-11 and RAI 295, 
Question 02.05.04-30 resolved. 

2.5.4.4.7 Response of Soil and Rock to Dynamic Loading 

In COL FSAR Section 2.5.4.7, the COL applicant referred to previous sections for details on the 
soil velocity profiles and site seismic history.  The COL applicant briefly described the 
acceleration time history for the Soil-Structure Interaction Analysis. 

During its review of COL FSAR Section 2.5.4.7, the staff noticed the statement that the SSE 
spectra “would be expected to be modified as appropriate to develop ground motion for design 
considerations.”  Since foundation and structure stability evaluations are based on the 
site-specific seismic ground motion determination, in RAI 240, Question 02.05.04-21, the staff 
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requested that the COL applicant clarify and justify why the GMRS would need to be modified 
during design, and when this design will occur, provide the results of such modifications when 
performed and appropriately update the COL FSAR. 

In a June 18, 2010, response to RAI 240, Question 02.05.04-21, the COL applicant stated that 
COL FSAR Section 2.5.4.7 had been revised to clarify that it developed the site-specific ground 
motion response spectrum at a free ground surface to reflect the seismic hazard in terms of 
PSHA and geologic characteristics of the site.  These spectra are modified because they are 
below the minimum acceleration thresholds specified in 10 CFR Part 50, Appenix S, which 
requires that the horizontal component of the SSE ground motion in the free-field at the 
foundation level of the structures must be an appropriate response spectrum with a peak ground 
acceleration of at least 0.1 g, while the FIRS for the horizontal direction in the free-field at the 
foundation level of the NI Common Basemat Structures has a peak ground acceleration about 
0.08 g.  Since the site-specific GMRS for CCNPP Unit 3 is enveloped by one of the CSDRS, the 
COL applicant developed the site SSE ground motion, or modified the site-specific GMRS, 
using the CSDRS anchored at 0.15 g.  The COL applicant then referred to COL FSAR 
Section 3.7.1.1.1 for details. 

After reviewing the June 18, 2010, response to RAI 240, Question 02.05.04-21, and COL FSAR 
Section 3.7.1.1.1, the staff concluded that the COL applicant adequately clarified how it modified 
the site-specific GMRS during the development of the site SSE ground motion.  The staff further 
concludes that the modified site-specific GMRS meets both the regulatory and standard design 
requirements.  The staff also confirmed that the proposed revision of COL FSAR Section 2.5.4.7 
was incorporated in the latest version of the COL FSAR.  Accordingly, the staff considers 
RAI 240, Question 02.05.04-21 resolved. 

2.5.4.4.8 Liquefaction Potential 

In COL FSAR Section 2.5.4.8, the COL applicant assessed the liquefaction potential at the site 
based on previous liquefaction studies, actual geologic data and soil-texture properties.  The 
staff focused its review of COL FSAR Section 2.5.4.8 on the results of the COL applicant’s 
geotechnical investigations including boring logs, laboratory classification test data, Vs profiles 
and soil profiles used to determine if any of the soils at the site are susceptible to liquefaction.  
The COL applicant evaluated the potential for liquefaction of soils shallower and deeper than 
the maximum exploration depth of 122 m (400 ft), as well as for proposed backfill material. 

The COL applicant stated that the potential for liquefaction does not exist at the CCNPP site 
primarily based on results obtained from the evaluation methodology used.  The COL applicant 
also stated that because of the overconsolidation, cementation and geologic age of the soils, 
liquefaction is not conducive at the CCNPP Unit 3 site.  However, the analysis showed that a 
potential for liquefaction exists for the upper soil layer (Terrace Sand).  Since the staff noticed 
that although the Terrace Sand will be removed in the Powerblock area, Seismic Category I 
electrical duct banks and pipes will be located at shallow depths in the upper soil layer, in 
RAI 218, Question 02.05.04-14, the staff requested that the COL applicant discuss the 
liquefaction potential of soil where the Seismic Category I electrical duct banks and pipes will be 
located.  To address the staff’s concern, the COL applicant provided clarification in an April 7, 
2010, response, which states that in locations where Seismic Category I electrical duct banks 
and pipes are to be laid, the Terrace Sand will be excavated in its entirety to the top of Stratum 
Ila Chesapeake Clay/Silt, whose liquefaction potential is negligible.  The COL applicant also 
stated that pipe bedding and engineered backfill around electrical duct banks and pipes will be 
placed to minimize the liquefaction potential under the expected site-specific seismic loading 
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condition.  The COL applicant then proposed a revision to the COL FSAR to address this issue.  
The staff reviewed the RAI response and concludes that because the COL applicant will remove 
the Terrace Sand in locations where Seismic Category I electrical duct banks and pipes will be 
located, and non-liquefiable backfill will be place under and around those structures, the 
liquefaction potential in those areas is negligible.  The staff also confirmed that the proposed 
revision has been incorporated into the latest revision of the COL FSAR.  Accordingly, the staff 
considers RAI 218, Question 02.05.04-14 resolved. 

During its review of COL FSAR Section 2.5.4.8.2, the staff noticed that the COL applicant used 
a magnitude 6.0 earthquake with a peak ground acceleration (PGA) of 0.15g for the liquefaction 
potential analyses.  Since there are two site-specific control earthquakes based on the site 
Probabilistic Seismic Hazard Analysis (one is a high frequency earthquake of 6.0 magnitude 
with a PGA of 0.15g and the other one is low-frequency earthquake of 6.9 magnitude with a 
PGA of 0.10g) in RAI 240, Question 02.05.04-23, the staff requested that the COL applicant 
justify why it did not consider the low-frequency, distant controlling earthquake in the 
liquefaction potential analysis. 

In a June 18, 2010, response to RAI 240, Question 02.05.04-23, the COL applicant discussed 
the impact of using the low frequency earthquake on the site liquefaction potential analysis.  The 
controlling ground motion is actually about 0.08g PGA for the distant event scenario, which 
corresponds to a 6.9 magnitude earthquake based on the site-specific GMRS.  However, 
0.1 PGA is used in the analysis because of the minimum acceleration level requirement 
specified in 10 CFR Part 50, Appendix S.  For the model used in the liquefaction potential 
analysis, the FS is proportional to the amplitude of ground motion acceleration and to the 
magnitude scaling factor that is normalized to magnitude of 7.5.  For the two controlling 
earthquakes, magnitude 6.0 with 0.15 g PGA and magnitude 6.9 with 0.1 g PGA, the 
corresponding ratio of coefficients in FS calculated are 12.86 to 14.60, which indicates that the 
high-frequency controlling earthquake presents a more severe seismic loading condition, and 
results a lower FS. 

After its review of the COL applicant’s June 18, 2010, response to RAI 240, 
Question 02.05.04-23, and conducted an independent confirmatory liquefaction potential 
analysis, the staff concluded that (1) the COL applicant met the requirement of 10 CFR Part 50, 
Appendix S and followed guidelines of the regulatory guides in its soil liquefaction potential 
assessment for the CCNPP Unit 3 site by using a higher value of PGA; and (2) the liquefaction 
potential analysis results showed that the combination of earthquake magnitude and peak 
ground acceleration value resulted in about 13.5 percent higher FS under the low frequency 
controlling earthquake of 6.0 magnitude with PGA of 0.15 g than that under the high frequency 
controlling earthquake of 6.9 magnitude with PGA of 0.10 g.  Therefore, the staff concludes that 
liquefaction is not a concern for the CCNPP site under both high and low frequency controlling 
earthquakes’ seismic loading conditions.  Accordingly, the staff considers RAI 240, 
Question 02.05.04-23 resolved. 

2.5.4.4.9 Earthquake Site Characteristics 

The staff’s evaluation of the development of the horizontal SSE ground motion and the uniform 
hazard spectra is discussed in Section 2.5.2 of this report. 

2.5.4.4.10 Static Stability 

In COL FSAR Section 2.5.4.10, the COL applicant presented the results of investigations and 
analyses conducted to determine bearing capacity, settlement and uniformity and variability of 
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foundation support media.  The staff focused its review of COL FSAR Section 2.5.4.10 on the 
methods of analyses the COL applicant used to determine said values. 

2.5.4.4.10.1 Bearing Capacity 

COL FSAR Section 2.5.4.10.1 states that the COL applicant considered three cases during the 
bearing capacity calculations.  For the general cases, the bearing capacity model for 
homogeneous soil was used in the analysis by applying an equivalent uniform layer with 
weighted average values of soil parameters that were based on the relative thickness of each 
stratum in the certain influence zone below the foundation.  For the case of a footing supported 
on a dense sand stratum over a soft clay stratum, Meyerhof’s model (Meyerhof, et al., 1978) 
was used to estimate ultimate static bearing capacity.  Since different models, assumptions and 
parameters used in the bearing capacity analysis produce different results, in RAI 218, 
Question 02.05.04-15, the staff requested that the COL applicant:  (1) provide details on how 
the weighting factors were determined for all subsurface soil strata; (2) clarify and justify 
whether soil compressibility was considered during the analysis because a clayey layer is 
presented; and (3) discuss whether the dimension of the foundation used will affect the analysis 
results, especially when using Meyerhof’s model. 

In April 7, 2010, and July 23, 2010, responses, the COL applicant provided additional details on 
how three cases were used to estimate the ultimate static bearing capacity of the subsurface 
soil for all buildings at the CCNPP site.  Among the three cases, two cases use the general 
shear failure model proposed by Vesic (1973, 1975) for footings supported on homogeneous 
soils with one case considering all layers to an influence depth equal to the building foundation 
dimension (1B) and the other only considering Stratum lIb Chesapeake Cemented Sand 
consisting of three sublayers.  The third case uses the punching shear failure model proposed 
by Meyerhof (1980, 1974) for footings supported on a dense sand stratum over a soft clay 
stratum.  Since there are multiple layers underneath the foundations, the COL applicant used an 
equivalent uniform layer with “weighted average values” for soil parameters c', φ' and γ' in the 
calculations.  The COL applicant also clarified that since the actual foundation is not a strip 
footing, it used the Meyerhof model for circular footings and converted the actual foundation to 
an equivalent circular area. 

In order to verify the adequacy of using the weighted average soil parameters for the Vesic 
model, the COL applicant conducted a sensitivity study using two analytical models, Slope/W 
and Plaxis 2D, to estimate the bearing capacity.  The COL applicant used the actual soil profile 
of the CCNPP Unit 3 power block area and the corresponding soil strength properties for each 
layer; and the lower bound parameters to account for the soil variability and limited laboratory 
testing data available when determining soil strength parameters for some soil layers.  These 
lower bound soil parameters were determined based on test data and engineering judgment. 

The Slope/W and Plaxis 2D programs both are commercial computer software and are 
commonly used in engineering analyses.  The Slope/W program uses analytic models to 
perform slope stability analysis.  The COL applicant used this model to estimate the ultimate 
bearing capacity by increasing the load on the soil until foundation failure was just reached, or 
the FS equals 1.  The Plaxis 2D program is an FEM that can be used to estimate the ultimate 
bearing capacity by an incremental load process.  The COL applicant noted that the results of 
both analyses showed that the depth of the soil failure is approximately 1B when an average 
value of the parameters is used in the analyses, and the depth is reduced to approximately 
0.93B for the lower bound case, with similar shear failure surfaces. 
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The COL applicant stated that because it considered the actual soil profile, including the clayey 
layer and corresponding layer properties, the compressibility of clayey materials is included in 
these analytical analyses. 

However, because the COL applicant did not describe how the foundation dimensions were 
determined and whether the non-uniform loading condition(s) on the foundation in the Slope/W 
and Plaxis 2D analyses was considered in this RAI response, and it is unclear to the staff what 
criteria were used when determining the ultimate bearing capacity using the Plaxis 2D model 
analysis, in RAI 268, Question 02.05.04-25, the staff requested that the COL applicant address 
these issues. 

In a December 6, 2010, response, the COL applicant clarified that the foundation dimension 
used in the bearing capacity analysis was an equivalent rectangular shape representing the NI, 
with the same moment of inertia as the original foundation footprint.  The non-uniformity of 
loading on the NI was evaluated by calculating the moment at the center of the footprint that 
resulted from the uneven loads.  The moment due to the loads of each building was calculated 
using the equivalent point load, representing the area load.  The COL applicant also provided 
values for the equivalent loads, moment arms, and moments for each building at the NI.  The 
COL applicant determined the ultimate bearing capacity using the Plaxis 2D model analysis, 
based mainly on the change in the slope of the load-deformation curve obtained from the output 
of the Plaxis 2D model.  The load-deformation curve shows that the initial linear elastic 
response gradually shifts into the non-linear response zone.  Following the end of the initial 
linear elastic zone, the stiffness of the soil medium underneath the foundation starts decreasing 
and enters plastic zone.  The plastic zone for the soil starts at the corners of the foundation, and 
then expands and forms the expected bearing capacity failure pattern.  Since the ultimate 
bearing capacity of the soil can be estimated based on an evaluation of the load-deformation 
profile from the perspective of the expected failure patterns and associated significant reduction 
in stiffness, the bearing capacity determined from the finite element software Plaxis 2D implies 
integration of the stability and serviceability criteria. 

A comparison of the bearing capacity calculations and sensitivity study indicates that for the 
general shear failure assumption, the Vesic method provides a smaller allowable bearing 
capacity and the Plaxis 2D analysis provides the highest values.  The Meyerhof solution, which 
assumes a punching failure of the foundation for a layer of dense sand over a layer of soft clay, 
yielded the smallest ultimate static bearing capacity, which presents a conservative approach.  
The allowable static bearing capacity of the NI at CCNPP Unit 3 using the Meyerhof solution is 
1,125 kPa (23.5 ksf), compared with the value of 1,508 kPa (31.5 ksf) obtained with the Vesic 
method using lower bound value of the strength parameters.  The bearing capacity sensitivity 
study results are shown in Table 2.5.4-3 below, where the allowable bearing capacity is 
obtained from the ultimate bearing capacity by applying an FS of 3.0. 

Table 2.5.4-3  Allowable Bearing Capacity Results – Sensitivity Analysis 

Model Vesic kPa (ksf) Slope/W kPa (ksf) Plaxis 2D kPa (ksf) 

Average 4,204 (87.8) 4,716 (98.5) 5,281 (110.3) 

Lower Bound 1,508 (31.5) 2,169 (45.3) 2,236 (46.7) 
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Since the Vesic model is a commonly used method in general engineering practices to estimate 
static bearing capacity of uniform subsurface material underneath the foundation; and the 
Meyerhof model considers punching failure of foundation for a thin stiffer layer overlaying on a 
softer layer, which is a more realistic model for the CCNPP Unit 3 site, the staff concludes that 
the use of both models in the bearing capacity analyses is reasonable.  The staff further 
concludes that because the Slope/W and Plaxis 2D models are commercially available analytic 
models and the Plaxis 2D is a FEM, which can be used to calculate stress and strain within 
foundation soil and the foundation stability, and estimate the bearing capacity of the foundation 
soil, the use of these models is acceptable. 

The staff notes that the COL applicant used an equivalent uniform layer with weighted average 
values for soil parameters based on the relative thickness of each layer for the multilayer soil 
profile when using Vesic model to estimate bearing capacity.  Although this equivalent uniform 
layer method needs further verification and validation, the staff concludes that this approach is 
reasonable for taking the thickness and soil property of each layer underneath the foundation 
into consideration, and the analysis showed similar and more conservative results compared 
with other analytic models where the actual site soil profile was used. 

The staff observed that the COL applicant represented the actual footprint of the NI by an 
equivalent rectangular shape when using the Vesic model to estimate bearing capacity and 
considers this approach reasonable because the equivalent foundation dimension considered 
the non-uniformity of loads on the NI and the eccentricity created by the moment at the center of 
the NI, which is an important factor in bearing capacity calculations.  Therefore, the staff 
concludes that this is an acceptable approximation for the foundation pressure under actual 
loadings and provides a reasonable estimate of the bearing capacity. 

The staff noted that both the Slope/W and Plaxis 2D analytic models showed similar results, in 
that the depth of the shear failure surface is approximately 1B when using average values of soil 
parameters; and it is reduced to approximately 0.93B when using the lower bound values; and 
the two models also showed similar shear failure surfaces as well.  Therefore, the staff 
concludes that the assumed influence depth of equal to the least lateral dimension of the 
foundation in the bearing capacity calculation is reasonable. 

The staff noted that the COL applicant considered the uncertainties and variation of subsurface 
material properties in bearing capacity calculations and used different models in its sensitivity 
study and compared the results using the mean and lower bound values of soil parameters as 
input.  Since the COL applicant determined the lower bound soil property parameters based on 
available lab testing data and engineering judgment, which is about one standard deviation 
below the mean value in most cases, the staff concludes that the use of the low bound values in 
the bearing capacity calculation is a conservative and adequate approach. 

The staff notes that the Meyerhof solution, a the punching failure model for a layer of dense 
sand overlaying a layer of soft clay, yielded the lowest allowable static bearing capacity of 
1,125 kPa (23.5 ksf) and is a more realistic but conservative model for this site.  Therefore, the 
staff concludes that the corresponding allowable static bearing capacity value is acceptable 
because it exceeds the minimum standard design requirement of static bearing capacity of 
1,053 kPa (22.0 ksf) and used a conservative approach. 

Based on the above findings, the staff concludes that the COL applicant provided sufficient 
information to demonstrate that it used an adequate model to determine the static bearing 
capacity for the CCNPP site and studied the effect of uncertainties and variation of subsurface 
material properties on the bearing capacity evaluation.  The estimated allowable static bearing 
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capacity value is based on a conservative approach and meets the requirement of the standard 
design; therefore, the design allowable static bearing capacity value is acceptable.  Accordingly, 
the staff considers the related RAI 218, Question 02.05.04-15 and RAI 268, 
Question 02.05.04-25 resolved. 

COL FSAR Section 2.5.4.10.1 states that the dynamic bearing capacity for the NI was assessed 
by dividing the ultimate bearing capacity obtained over an FS of 2.0 and compares it with the 
allowable capacity permitted in the U.S. EPR standard design.  Since the COL applicant did not 
mention the possibility of a reduction in bearing capacity under seismic/dynamic loadings,in 
RAI 229, Question 02.05.04-19, the staff requested that the COL applicant discuss this issue. 

In a July 23, 2010, response, the COL applicant recognized that earthquakes have the potential 
for reducing the bearing capacity of foundations.  To study the impact of the seismic loading on 
bearing capacity, the COL applicant used a method proposed by Soubra (1999) to estimate the 
seismic bearing capacity of the NI common mat buildings at the CCNPP Unit 3 site based on 
the solution of two failure mechanisms using the limit analysis theory to assess the impact of 
seismic forces that produces overturning moments in the foundation.  This model assumes that 
soil is a homogeneous isotropic elastic-plastic material, and in the analysis, the COL applicant 
used weighted average values for soil properties based on the relative thickness of each layer in 
the zone between the bottom of the footing and a depth equal to the least lateral dimension of 
the building.  The COL applicant also considered a reduced effective supporting area caused by 
overturning. 

The analysis results show that the dynamic bearing capacity is 3,490 kPa (72.9 ksf) without 
considering the overturning effective supporting area reduction.  Compared with the allowable 
static bearing capacity of 4,204 kPa (87.8 ksf) based on the Vesic model, the deduction due to 
seismic forces in this case is around 17 percent.  Since different factors of safety are used for 
allowable static and dynamic bearing capacity, a FS of 3 for static loading and a FS of 2 for 
dynamic loading, it implies a higher deduction for the dynamic bearing capacity compared with 
the ultimate static bearing capacity.  The analysis also showed that even if the foundation width 
is reduced by one half of the actual lateral dimension by considering the overturning effective 
supporting area reduction, the allowable dynamic bearing capacity is still greater than the 
standard design requirement: 2,815 kPa (58.5 ksf), estimated, versus 1,676 kPa (35 ksf), design 
required.  The COL applicant also proposed a revision to COL FSAR Section 2.5.4.10.1 of the 
COL FSAR to address the effect of seismic loading on the dynamic bearing capacity 
determination. 

After reviewing the COL applicant’s July 23, 2010, response to RAI 229, Question 02.05.04-19, 
and the model used to estimate dynamic bearing capacity, the staff concludes that the COL 
applicant considered the impact of seismic loading on the foundation failure mechanism and the 
bearing capacity reduction in its analysis.  Since the analysis results showed that although the 
seismic loading could reduce the allowable dynamic bearing capacity by about 17 percent, it still 
exceeds the standard design requirement.  Therefore, the staff concludes that the dynamic 
bearing capacity evaluation provided in the application is acceptable.  The staff also confirmed 
that the proposed revision has been incorporated in the latest version of the COL FSAR.  
Accordingly, the staff considers RAI 229, Question 02.05.04-19 resolved. 

2.5.4.4.10.2 Settlement 

In COL FSAR Section 2.5.4.10, the COL applicant discussed the methodology used to predict 
settlement for CCNPP Unit 3.  The COL applicant used an extensive 3D FEM to estimate the 
amount of heave and total and differential settlement expected for structures at the CCNPP site.  
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In FSAR Sections 2.5.4.5.4 and 2.5.4.10.2.2, the COL applicant stated that it will develop 
monitoring plans for heave and settlement during detailed design.  Since large foundation 
rebound and settlement are expected at the CCNPP site, and estimated differential settlement 
of the reactor building may exceed the standard design criterion, in RAI 218, 
Question 02.05.04-13, the staff requested that the COL applicant provide a detailed description 
of the monitoring plan including all basic elements, such as the settlement monitoring bench 
marks, locations of instruments, monitoring and recording frequency, and evaluation of the 
magnitude of rebound and settlement during and after excavation and construction. 

To address these issues, in a June 28, 2010, response to RAI 218, Question 02.05.04-13, the 
COL applicant proposed a revision to COL FSAR Section 2.5.4.10.2.2 to describe a detailed 
settlement monitoring plan.  The proposed COL FSAR revision states that the COL applicant 
will enforce a settlement monitoring program to record heave of the excavation bottom and 
foundation settlement during and after construction, including the effects of dewatering and the 
NI Basemat loading.  The purpose of this monitoring program is to assess and document the 
actual settlements in comparison with the predicted settlement and the acceptable limits. The 
COL applicant specified that the settlement monitoring program will consist of three primary 
elements:  (1) Piezometers to measure effects of dewatering and pore pressures in a soil layer 
prone to consolidation-type settlement in Stratum Il-b (Chesapeake Cemented Sand) and 
Stratum Il-c (Chesapeake Clay/Silt); (2) place settlement monuments directly on concrete, 
preferably on the mudmat and on the corners of the structures at grade that are accessible with 
conventional surveying equipment; and (3) place settlement sensors and extensometers if 
monuments are not practical or if fills are used over consolidation type soils, because it is 
necessary to monitor settlement of the consolidation type soils independent of the consolidation 
of the fill. 

The COL applicant provided details of the instrumentation plan for the powerblock area of the 
site, consisting of horizontal settlement sensors, Vibrating Wire (VW) piezometers, surface 
monuments (SM), concrete anchored monuments, extensometers and one accelerometer.  The 
VW piezometers will measure ground water elevations and associated changes in pore 
pressure during dewatering, excavation, structural backfill placement, and plant construction.  
The extensometers will monitor the settlements of the RB, the turbine building (TB), and the 
ESWBs 1 to 4, as well as the RWPB.  The SMs will be installed on the finish surface of the 
backfill at proper locations for continuous settlement monitoring.  The National Geodetic Survey 
(NGS) survey disks will be installed on the side of foundation mats as benchmarks with at least 
one accelerometer within the mat foundation of the RB to record any seismic events that occur 
during and after construction.  Although exact number of instruments and their locations cannot 
be determined until the detailed design stage, the COL applicant illustrated tentative locations of 
the instruments.  The COL applicant planned to use tested and calibrated settlement sensors to 
monitor settlement and heave within the excavation footprint and be installed at the bottom of 
the proposed foundation.  The COL applicant further described the settlement sensors’ 
installation and wire connections to ensure the normal function and accuracy of the sensors 
under the actual environmental conditions at the CCNPP site. 

The COL applicant also planned to install similar instruments for the MWIS, and showed the 
tentative location of these instruments, described the elevation of the bench mark and the type 
of the extensometers, as well as the sensor protection measures. 

The COL applicant then provided details of the settlement data collection, from baseline 
determination to normal reading interval.  For the settlement sensors, the baseline readings will 
be taken before any site earthwork is conducted with a minimum of three different readings 
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taken over several days to verify that the readings have stabilized; then each instrument will be 
read at least twice a day in the initial stages of this project.  During later stages of the project, 
the reading frequency may be adjusted to once per day or longer at the discretion of the field 
engineer.  The settlement readings will be presented by plots to show the settlement (or heave) 
versus time during and after construction.  After construction is completed, all instruments will 
be monitored for at least one more year.  At that time, the engineer will define a reading 
frequency and instrumentation to maintain a long-term monitoring program. 

After its review of the COL applicant’s June 28, 2010, response to RAI 218, 
Question 02.05.04-13 and the latest revision of the COL FSAR, the staff concludes that (1) the 
COL applicant provided sufficient details on the settlement monitoring plan, which consists of a 
detailed instrumentation plan, including type of and function of the sensors to be used, the 
locations of the sensors, and a settlement measurement data collection plan including a 
baseline determination, reading interval and data processing; (2) the settlement monitoring 
program will effectively monitor the heave resulting from excavation and settlement caused by 
dewatering, backfilling and foundation and structure loadings during and after construction and, 
therefore, provides reliable data to compare the actual foundation settlement with the predicted 
settlement and the acceptable design limits; and (3) since the COL applicant adequately 
addressed the settlement monitoring issue and revised the COL FSAR accordingly, the staff 
considers RAI 218, Question 02.05.04-13 resolved. 

The staff noted that COL FSAR Section 2.5.4.10.2.2 states that the initial effective stress 
conditions used in the FEM settlement model were in “accordance with the post-excavation 
overburden geometry” with an average surface elevation of 25.3 m (83 ft).  In addition, the 
model assumed that excess pore water pressures created during excavation and dewatering 
are fully dissipated. The model also presents the settlement analysis results, total and 
differential settlements for individual Seismic Category I structures, based on a series of static 
loads applied to assimilate the assumed construction schedule, without consideration of 
dynamic loads created by seismic events.  Therefore, in RAI 229, Question 02.05.04-17, the 
staff requested that the COL applicant explain the adequacy of the initial stress conditions 
selected in the FEM settlement calculation; evaluate the possibility of any additional settlement 
caused by seismic event at the site; address the effects of soil parameter variation and spatial 
variability on the settlement analysis; address differential settlement between the NI and 
adjacent structures, and compliance with the U.S. EPR standard design; and justify the 
assumptions, especially the determination of stress increases in each layer, used in the hand 
calculation of settlement performed. 

In a July 23, 2010, response to RAI 229, Question 02.05.01-17, the COL applicant first 
acknowledged that the initial vertical effective stress distribution underneath/around a 
foundation will affect the magnitude of foundation settlement.  The COL applicant stated that the 
vertical stress distribution is associated with the post-excavation geometry.  Following the 
excavation, stresses associated with unloading will be induced at the excavation bottom and 
result in heave.  As the immediate component of the heave takes place and the excess pore 
pressure due to excavation dissipates, the stress at the excavation base then becomes close to 
zero.  The COL applicant expects that the excavation will be completed in about 6 months to 
allow enough time to dissipate at least 90 percent of the excess pore pressure due to the 
excavation.  The COL applicant then developed a 3D finite element model Middle Topography 2 
(MT2) to perform settlement analysis.  The MT2 model assumes a flat ground surface at 
El. 25.3 m (83 ft), excavated to El. 12.6 m (41.5 ft), and loaded with structural fill and building 
loads.  The COL applicant also developed an independent model based on the Soil Hardening 
constitutive model (SH) to verify the adequacy of the initial stress conditions implemented in the 
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MT2 model.  The differences between the SH model and the MT2 model are (1) initial 
topography is flat for the MT2 model, and non-flat for the SH model; (2) the mesh for the SH 
model is finer; (3) the SH model adapts the Hardening Soil constitutive model, whereas the MT2 
model utilizes Mohr Coulomb model.  The SH model can track the soil stiffness change as a 
function of stress changes, whereas MT2 model assumes a constant soil stiffness for all 
stresses, and (4) the lateral stresses in the SH model are calculated using over-consolidation 
ratios for each soil layer. 

The COL applicant then presented the analysis results from the MT2 and SH models.  The 
results showed that (1) the initial vertical stress (post-excavation) is around zero at the 
excavation base for both models; (2) both models produce very similar initial vertical stress 
distributions; and (3) both model predict similar settlement, and the MT2 model remains on the 
conservative side for the building center settlements. Based on the analysis results, the COL 
applicant stated that the MT2 model results will be used to account for the uncertainties involved 
in the estimation of soil parameters and spatial soil variability because it is more conservative. 

The COL applicant also provided liquefaction potential analyses related to settlement and 
addressed the soil parameter variation on horizontal planes by comparing the soil parameter 
measurement at a given elevation with different horizontal locations around the CCNPPsite.  
The COL applicant used shear wave velocity, SPT blow count, water content, and plasticity 
index measurements obtained from various locations across the site and performed a soil 
parameter variation assessment. 

After reviewing the COL applicant’s July 23, 2010, response to RAI 229, Question 02.05.04-17, 
the staff identified additional issues and in follow-up RAI 268, Question 02.05.04-26, the staff 
requested that the COL applicant:  (1) discuss the adequacy of the finite element mesh size, the 
effect of distances between the edge of the foundations and the fixed boundary elements, and 
the effect of non-uniform loading conditions for both the MT2 and SH model analyses; 
(2) discuss and justify the adequacy of the departure and the exemption on differential 
settlement because the analysis results show that the maximum total settlement will exceed the 
design tilt requirement (1/600) when the lower bound soil parameters were used in the 
calculation;(3) provide references and additional details to support the COL applicant’s 
statement that the Boussinesq solution is used in a hand calculation of settlement for layered 
soil because “both theory and experience have shown that the shape of the pressure bells 
(induced stress distribution) is more or less independent of the physical properties of the loaded 
subsurface.  That is, the stress increase due to external loads is not a function of soil 
properties.”  However, some references indicate that the actual stresses beneath the center of a 
shallow footing may exceed the Boussinesq values by 15 to 30 percent in clays and 20 to 
30 percent in sands, and that stress distribution in layered soil cannot be accurately estimated 
by Boussinesq solution without corrections. 

To address the issues described in RAI 268, Question 02.05.04-26, the COL applicant provided 
the following responses on March 31, 2011.  First, regarding the adequacy of finite element 
mesh size, the COL applicant stated that the effect of mesh size on the settlement estimate is 
checked by changing the mesh of the MT2 model, and further, both the SH and MT2 models 
can account for the possible plastic states.  The COL applicant then created four models to 
examine the effect of the mesh refinement and the distance from the edge of the foundation to 
the lateral boundaries of the model on the analysis results.  The models include the base model, 
or the model used in design settlement estimate, a model with the mesh size reduced by half in 
the horizontal direction, a model with the mesh size reduced by half in both the horizontal and 
vertical directions, and a model with the mesh size increased 1.6 times in both the horizontal 
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and vertical directions.  The mesh size sensitivity study results showed that the differences of 
the settlement calculated by the models with different mesh sizes compared with the base 
model varied from -0.75 to 1.77 percent, therefore, the COL applicant concludes that the finite 
element mesh size used in the settlement analysis is adequate. 

Second, the COL applicant stated that although lower bounds for the parameters were used in 
the settlement analysis to account for the lateral variability in the previous July 23, 2010, 
response to RAI229, Question 02.05.04-17, the use of lower bound soil properties at CCNPP 
Unit 3 is conservative and did not necessitate a change to the use of pseudo-elastic analysis 
presented in the later revised COL FSAR. The COL applicant also stated that the previous 
departure on NI tilt was removed from the COLA in the February 22, 2011, response to RAI 145, 
Question 03.08.05-2 that is reviewed and evaluated by staff in the corresponding chapter of this 
report.  The COL applicant then described steps that will be followed in case the settlements 
measured during construction are different than the prediction presented in this application.  The 
steps include increasing the effective stresses below the foundations by an extension of 
dewatering efforts; intentional delay in making connections (piping and conduit banks) between 
the NI and the adjacent structures (particularly ESWB) to minimize differential settlement; and 
re-sequencing backfill operations, possibly even placing backfill on one side of the NI earlier 
than the other side to reduce the differential settlement. 

The third, in addition to providing more references, the COL applicant used two models; one is a 
close-form solution for a two layer system (Fox, 1948) and the other is PLAXIS 2D finite element 
solution to evaluate the effect of a multilayer soil profile on the distribution of the vertical stress.  
The model analysis results showed that, for the soil profile used for this site, the Boussinesq 
solution gives almost identical vertical stress values up to 14.9 m (49 ft) in depth, and about 
7 to 15 percent less than the PLAXIS 2D and Fox models at a depth of 75.9 m (249 ft).  The 
COL applicant further showed that the Boussinesq solution calculated vertical stress is about 
8.1 percent smaller than that obtained by the PLAXIS 2D model.  The COL applicant then 
concludes that the theoretical solution is applicable to the hand calculations that are used for 
verification purposes only. 

The staff reviewed the March 31, 2011, response to RAI 268, Question 02.05.04-26 and 
examined the model analyses performed by the COL applicant and concludes that (1) the COL 
applicant verified the adequacy of the finite element model mesh size by varying the size of the 
model mesh, and the analysis results showed a very small difference in settlement calculation 
compared with the base model; (2) the COL applicant removed the NI settlement departure in 
its revised COL FSAR and the use of the lower bound value in settlement analysis is a 
conservative approach; and (3) although the theoretical solution (Boussinesq solution) will yield 
a smaller vertical stress compared with that obtained from more realistic models, since the 
difference is small up to certain depth, therefore, it is acceptable using the Boussinesq solution 
in hand calculations for verification purposes.  Accordingly, the staff considers RAI 268, 
Question 02.05.04-26 resolved. 

Since the CCNPP Unit 3 site is a deep soil site and large settlement is expected, and differential 
settlement will directly affect the stability of nuclear power plant structures, the staff performed 
an independent confirmatory settlement sensitivity analysis.  The confirmatory analysis results 
indicate that larger settlement will be predicted when using a non-linear Cam-Clay model with 
model parameters determined based on available tri-axial stress-strain data than using an 
elastic model, and much larger settlements can be obtained if using a lower bound value in the 
analysis.  Based on the confirmatory analysis results, in RAI 268, Question 02.05.04-27, the 
staff requested that the COL applicant (1) given the non-linear character of the soils at the 
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CCNPP site (as evidenced by the tri-axial tests results), justify the adequacy of the soil models 
used in predicting settlements for the CCNPP Unit 3 site in the COL FSAR; (2) given the wide 
range variation of consolidation properties for the tested soils and a lack of data sufficient to 
establish a verifiable spatial correlation of the properties, provide an assessment of how large 
differential settlements will be incorporated into the design of the NI structures, given the 
relatively small differential settlement allowances in the standard design; (3) given the expected 
large settlements and potential large differential settlements, sequencing of the construction 
process will be critical to assuring the assumptions used in the standard design, provide a 
detailed discussion of the construction sequencing that will be used to assure that the design 
basis contained in the standard design is maintained based on the site-specific settlement 
analysis; (4) recognizing that actual settlements at this site are likely to be highly variable when 
compared to the settlements estimated prior to construction, settlement monitoring is essential, 
therefore provide (a) discussion on why the proposed settlement monitoring program is 
sufficient; (b) a detailed description of the actions required to evaluate measured settlements if 
they are inconsistent with the predictions; and (c) discussion on potential impacts and actions to 
the construction sequencing due to settlements that exceed predictions. 

In a March 31, 2011, response to RAI 268, Question 02.05.04-27, the COL applicant first 
acknowledged that three generally accepted approaches can be used for developing soil 
properties and geo-mechanical models for estimating the settlement of deep profiles, which 
include (1) the Terzaghi Theory of Consolidation that requires a wide range and a large number 
soil consolidation test results; (2) the Cam-Clay Model that requires a wide range and a large 
number of triaxial tests conducted on truly undisturbed samples; and (3) the pseudo-elastic 
model that uses field data from in-situ tests, such as those available from SPT or CPT data or 
shear wave velocity measurements or pressuremeter tests, to develop needed parameters.  
The COL applicant states that after an assessment of the test results, specifically the 
consolidation test results, the triaxial test results and the in-situ test results, the third approach 
was chosen as the best methodology for assessing settlement at CCNPP Unit 3 site.  The COL 
applicant then stated that about 84 percent of the settlement is associated with consolidation of 
Stratum Ilc - Chesapeake Clay/Silt and Stratum III - Nanjemoy Sand, based on its analysis 
results.  The COL applicant further stated that since the Stratum Ilc soil is over-consolidated and 
the final stress induced by external loading will be less than the pre-consolidation stress at 
practically all elevations, which implies that the time-dependent long term settlement will not 
occur and, therefore, the soils presents pseudo-elastic behavior.  To address why the field 
testing data was mainly used to develop suitable parameters for settlement analysis, the COL 
applicant showed a summary of the laboratory test (the oedometer soil consolidation test) 
results.  The summary shows that because of the type of soil and the limitation of the sampling 
method, only about four percent of the samples are rated as good to excellent.  The summary 
concludes that for the Stratum IIc soil, the consolidation test results should not be used in the 
Terzaghi Consolidation Model and the behavior would be better represented by the in-situ tests 
data.  The COL applicant then compared the Young’s modulus determined by triaxial and field 
tests for Stratum 1Ic soil, and the Young's Modulus for Stratum III determined by consolidation 
and field tests.  The COL applicant concludes that the parameters used in the pseudo-elastic 
analysis best represent the behaviors of soil layers in the settlement analysis based on the 
comparisons.  Regarding the impact of the construction sequence on settlement, the COL 
applicant first concured with the staff that construction sequencing and schedule has a major 
impact on settlement, and then the COL applicant stated that the planned construction schedule 
has been factored into the analysis.  The COL applicant also points out that industry experience 
during construction of the previous generation of plants suggests that deviations from the 
planned schedule can occur, primarily within the middle third of the overall planned schedule.  
Delays in the middle third are of major interest to settlement analysis, whereas delays in the last 
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third are not as important because the majority of loads, such as the weight of civil structures, 
are already in place.  The COL applicant provided additional details on the settlement 
monitoring program regarding how to monitor the settlement during and after construction, as 
well as the type of actions that will be taken should differences between the predicted and 
actual settlements occur. 

After reviewing the COL applicant’s March 31, 2011, response to RAI 268, 
Question 02.05.04-27, in follow-up RAI 307, Question 02.05.04-31, the staff requested that the 
COL applicant provide further clarifications.  First, the staff noted that the COL applicant stated 
that the laboratory consolidation test results were not used for the Stratum IIc soil in its 
March 31, 2011, response, but the response also states that “the selected values for the 
consolidation properties are based on average parameters obtained from laboratory testing” in 
COL FSAR Section 2.5.4.2.5.3, therefore, the staff asked the COL applicant to clarify how the 
consolidation property parameters were determined if consolidation test results were not used, 
and provide a justification for the parameter values used in the settlement analysis with the 
consideration of the standard design lateral-uniformity requirement. 

Second, the staff noted that the COL applicant did not mention whether the described methods 
that will be taken if differences occur between actual and predicted settlement could control the 
anticipated large total settlement at the CCNPP Unit 3 site, and how the proposed measures are 
related to the construction sequence requirement specified in the U.S. EPR standard design 
control document.  For the third, as the COL applicant states that the pseudo-elastic analysis 
provides the best estimate of the settlement to be experienced by the CCNPP Unit 3 structures, 
the staff requested that the COL applicant justify why a non-linear model was not considered. 

In a September 6, 2011, response to RAI 307, Question 02.05.04-31, the COL applicant first 
addressed the staff’s concern about how the soil property parameters were determined for the 
settlement analysis.  The COL applicant stated that the input to the settlement analysis reported 
in the COL FSAR is based on a statistical and qualitative analysis of field and laboratory tests 
performed for the CCNPP site.  The consolidation parameters deduced from the field and 
laboratory test data were reviewed and, after an assessment of quality and adequacy of the 
consolidation test and the triaxial test results, the field test results were selected as the most 
representative for estimating settlements at the CCNPP Unit 3 site.  The COL applicant then 
reiterated that the sampling difficulties of the over-consolidated Stratum Ilc and Stratum III, and 
the lack of adequate triaxial test samples from deep sand in Stratum III and clay in Stratum IIc, 
dissuade one from using laboratory test data.  The COL applicant further concludes that since 
the in-situ tests have the advantage of maintaining the soil fabric and stress conditions in the 
field, which impacts the soil behavior, this supports using field in-situ data, rather than the less 
representative consolidation tests data.  The COL applicant states that the standard design 
lateral uniformity requirement is taken into consideration and refers detailed discussion to its 
March 30, 2011, response to RAI 276, Question 02.05.04-29. 

Regarding the concern of large total settlements, the COL applicant stated that the standard 
design of the U.S. EPR does not specify a total settlement criterion, but limits the differential 
settlement (tilt) to 1.27 cm per 15.2 m (0.5 in per 50 ft).  The COL applicant then described that 
the control measures for larger than predicted total settlement will include:  delaying the 
connections between the building(s), adjusting the plant grade, reassessing surface drainage 
features, and delaying connections to pipelines that connect the Powerblock with external 
facilities.  Total settlement will be continuously monitored during construction in order to 
promptly implement settlement control measures.  The COL applicant notes that the revised 
U.S. EPR standard design defines an additional requirement for the angular distortion of the NI, 
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EPGB and ESWB, and the requirement stipulates that a COL applicant compare the estimated 
site-specific angular distortions in the north-south and east-west directions with angular 
distortions obtained from the differential settlement contours.  The COL applicant then refers to 
Section 3.8 of the COL FSAR Section 2.8 for reconciliation of this angular distortion 
requirement. The COL FSAR also states that site-specific settlement measurements will be 
compared with the U.S. EPR angular distortion requirement in order to promptly implement 
control measures. 

To justify why a pseudo-linear model, not a non-linear model, is used for the estimation of 
settlements at the CCNPP Unit 3 site, the COL applicant states that (1) the non-linear model 
parameters were determined based on the laboratory test results for Stratums Ilc and IIl soils. 
Because a very limited number of good quality undisturbed soil samples were collected from 
these strata, the laboratory test data cannot realistically represent the field soil condition; and 
(2) the Soil Hardening (SH) Model used in the settlement sensitivity study is a non-linear model; 
this model predicted similar settlement as that predicted by the pseudo-linear model (MT2 
Model) used in this COLA.  Based on the above arguments, the COL applicant concludes that, 
given the comprehensive evaluation of the field and laboratory testing data, the elastic moduli, 
the in-situ stress conditions, the stress paths considered in the analysis, and the fact that similar 
results are obtained when using non-linear and linear models with equivalent input, the pseudo-
elastic model used to predict the CCNPP3 settlement is adequate and provides the best 
settlement estimate. 

After the review of all settlement related RAI responses, the staff finds that (1) the COL 
applicant developed the soil property parameters mainly relying on the field testing data, with 
reference to laboratory test data, which is acceptable because of the difficulty of obtaining good 
quality undisturbed soil samples for over-consolidated and cemented soils, and the field test 
data can better represent the soil in-situ conditions; (2) the COL applicant addressed the 
variability of soil properties by comparing the shear wave velocity profiles of the site, which 
indicates the site is an engineering uniform site.  The COL applicant examined the impact of the 
soil property variation on the settlement analysis results by applying lower bound values that are 
taken as at least one standard deviation below the mean values.  Those approaches are 
reasonable and conservative; (3) the COL applicant justified the use of a pseudo-linear model in 
settlement analysis by (a) noting that the expected final stress state after construction loading at 
the CCNPP site will not exceed the pre-consolidation stress, or the non-linear, time dependent 
settlement will not be significant, and (b) conducted a settlement model sensitivity study by 
comparing the analysis results of a non-linear Soil Hardening model and the pseudo-linear 
model to show that the pseudo-linear model gives a similar prediction.  These justifications are 
reasonable; (4) the COL applicant’s description of the settlement monitoring program, and the 
measures that will be taken in the event that the actual settlement exceeds the prediction, is 
sufficiently detailed, which will provide certain assurance of the foundation/structure stability in 
term of meeting the settlement requirement for the design; and (5) the COL applicant addressed 
the standard design requirement for the angular distortion of the foundation and restates this 
requirement in the proper sections of its COLA. 

Based on the above findings, the staff considers that, although the COL applicant addressed the 
concerns of the staff regarding the settlement evaluation for the CCNPP Unit 3 site, since 
settlement is an important stability concern at any deep soil site and large settlement is 
expected, with so many uncertainties related to the properties of subsurface materials, the 
models used in analysis and construction practices, no model can perfectly predict the 
settlement that will actually occur in the field.  In addition, although the COL applicant provided a 
detailed settlement monitoring program and proposed measures in case that larger than 
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predicted settlement occur, there is no specific inspection, testing analysis and acceptance 
criteria identified in this COLA on settlement control; therefore, RAI 307, Question 02.05.04-31, 
is being tracked as an open item. 

2.5.4.4.10.3 Uniformity and Variability of Foundation Support Media 

The revised COL Information Item 2.5-10 of the U.S. EPR FSAR requires that “A COL applicant 
that references the U.S. EPR design certification will investigate and determine the uniformity of 
the soil layer(s) underlying the foundation basemats of Seismic Category I structures….”  
Therefore,  in RAI 276, Question 02.05.04-29, the staff requested that the COL applicant 
provide information that addresses this COL Information Item, including details on how Vs varies 
laterally beneath each Seismic Category I structure and supporting data for the staff to be able 
to independently evaluate the conclusions. 

In a March 30, 2011, response to RAI 276, Question 02.05.04-29, the COL applicant recognized 
that the variability of the geotechnical properties of soil comes from the several sources, such as 
spatial soil variability, the epistemic uncertainty that exists due to the impossibility of sampling 
and testing each and every point in the subsurface, measurement variability, and transformation 
variability.  Since the measurement variability involves uncertainty/scatter in the results due to 
measurement errors associated with the testing methodology and disturbance during soil 
penetration or sample extraction, and the transformation variability refers to the uncertainty due 
to the correlations used to convert the measured parameter to the parameter used in the 
geotechnical analysis, the COL applicant focused on the spatial soil variability because it 
indicates the inherent soil variability.  The COL applicant assessed the horizontal variation in 
shear wave velocities beneath Seismic Category I structures using the results of five 
geophysical surveys (geophysical survey borings B-301, B-304, B-307, B-318, and B-323) 
conducted within the Powerblock area.  The COL applicant stated that, because the variability 
associated with the transformation or measurement uncertainties are not considered; therefore, 
the variability in the shear wave velocity analysis is larger than what exists in reality. 

The COL applicant compared the five shear wave velocity profiles obtained from the 
measurements conducted for the aforementioned five borings for each stratum in the 
Powerblock area at the CCNPP Unit 3 site.  Since shear wave velocity measurements were not 
conducted at exactly the same elevation, a tolerance of ± 0.3 m (1 ft) was allowed for the 
reference elevation line to compare data points.  The COL applicant presented several figures 
to illustrate the shear wave velocity distribution comparison for each of the geophysical borings 
within the Powerblock.  The applicant stated that the plots clearly indicate the existence of 
geologic uniformity for Stratums IIb and IIc as a function of elevation.  However, there is some 
variability in shear wave velocity between El. 12.2 m (40 ft) and El. -6.1 m (-20 ft), which 
corresponds to Stratum lIb:  Chesapeake Cemented Sand layer.  Additionally, the shear wave 
velocity variation in Stratum IIb is mostly limited to the narrow zone between El. 7.6 m (25 ft) 
and El. 3.0 m (10 ft).  Two borings (B-301 and B-401) within the CCNPP Unit 3 Site penetrated 
Stratum II:  Nanjemoy Sand and shear wave velocity profiles obtained from those borings were 
compared to determine the lateral variability of Stratum III.  The comparison of coefficient of 
variation (COV) of shear wave velocity measurements within each engineering layer indicates 
that the horizontal variation in shear wave velocity exceeds 10 percent for Stratum lIb.  The COL 
applicant states that the variable shear wave velocity in Stratum Ilb is attributed to the variable 
and thinner thicknesses of its sublayers (cemented versus non-cemented zones).  This 
condition increases the uncertainty levels related to transformation and measurement.  In 
addition, shear wave velocities are measured with the PS-Suspension techniques and scatter in 
the results is typical of the test, especially at formation interfaces.  Such scatter increases the 
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observed variability but does not reflect the true spatial variability.  In addition, the COL 
applicant stated that for engineering analyses purposes, specifically settlement, foundation 
stability, and site response analysis, the shear wave velocity profiles are equivalent and the 
substrata can be considered uniform.  In addition, the contribution of Stratum lIb to the overall 
engineering behavior at the site is not nearly as significant as that of Stratums IIc and III.  Based 
on the evaluation of the shear wave velocity, the COL applicant concludes that the subsurface 
conditions at the CCNPP Unit 3 site are characterized as geotechnically uniform.  The COL 
applicant also proposed revisions to the FSAR to address site uniformity. 

The staff reviewed the COL applicant’s March 30, 2011, response to RAI 276, 
Question 02.05.04-29, and compared the shear wave velocity profiles obtained from five borings 
in the Powerblock area.  The staff noted that (1) the spacial variation of the subsurface material 
is relatively small for Stratum IIc with a coefficient of variation (COV) generally less than 
10 percent; and (2) the variation for Stratum IIb is relatively large with a COV varying from less 
than 10 percent to about 40 percent.  However, the staff agrees that (a) the variation showed by 
shear wave velocity profiles is greater than the actual field condition because it includes other 
variations, such as epistemic uncertainty; and (b) the randomization procedure used in seismic 
site response analysis takes most of the variations/uncertainties into consideration; and 
(3) Stratums IIc and III play more significant roles than Stratum IIb in foundation stability, 
including bearing capacity and settlement analyses; therefore, the staff concludes that the 
greater variation for Stratum IIb shown in shear wave velocity measurements does not alter the 
conclusion of the CCNPP Unit 3 site being characterized as geotechnically uniform.  With the 
proposed changes being incorporated in the latest revision of the FSAR, the staff considers 
RAI 276, Question 02.05.04-29 resolved. 

2.5.4.4.10.4 Lateral Earth Pressure 

COL FSAR Section 2.5.4.10.6 presents the calculation of static and seismic lateral pressures.  
Since several assumptions were used in the calculations, in RAI 229, Question 02.05.04-18, the 
staff requested that the COL applicant evaluate the pressure induced by compaction of side 
backfill in the lateral earth pressures calculation; justify the use of a Poisson’s ratio value of 
0.3 for the saturated portions of the backfill in the calculation of seismic lateral earth pressures 
and discuss how the site-specific lateral earth pressure analysis is consistent with the standard 
design. 

In a July 9, 2010, response to RAI 229, Question 02.05.04-18, the COL applicant updated the 
lateral pressure induced by compaction of the side backfill and also changed the Poisson's ratio 
for the saturated portion of the backfill and the subsurface from 0.3 to 0.45. 

The COL applicant stated that it is expected that heavy compaction equipment will operate near 
the below-grade walls and may induce additional lateral pressures to the walls surrounding the 
NI below the site grade.  The COL applicant then used the methodology described by the U.S. 
Army Corp of Engineers (USACE, 2004) to estimate the earth pressure due to the compaction 
of the backfill.  In the calculation, a 3.2 ton vibratory roller compactor was selected as 
representative of typical structural backfill compaction to calculate the magnitude and 
distribution of the lateral earth pressure increase due to a compactor operating within 150 mm 
(6 in.) of the below-grade wall.  Since the compactor-induced lateral pressure is largest when 
the compactor is at the nearest location to the wall, 150 mm (6 in.) will provide a conservative 
lateral pressure estimate.  The calculation results indicate that the critical lateral pressure due to 
compaction is about 19.2 kPa (400 psf), and the critical depth for the critical pressure as 
recommended is 0.52 m (1.7 ft) from the ground surface.  However, the COL applicant 
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conservatively selected it as zero feet from the ground surface and provided figures to illustrate 
the recalculated lateral earth pressure distribution including the pressure distribution due to 
compaction.  The COL applicant then proposed revisions to COL FSAR Section 2.5.4.10.6 and 
COL FSAR Section 2.5.4.10.6.2 to present updated lateral earth pressure calculations. 

In addition, the COL applicant stated that the dry density of the backfill soil selected for the 
CCNPP Unit 3 site is 22.78 kN/m3 (145 lb/ft3), which is one of the parameters used in the lateral 
earth pressure analysis and is different from the value of 17.28 kN/m3 (110 lb/ft3) specified in the 
U.S. EPR standard design.  The COL applicant then refered this departure and the evaluation of 
the safety-related structures using site-specific lateral earth pressure loads to COL FSAR 
Sections 3.7 and 3.8 and the reconciliation with a proposed update to the U.S. EPR FSAR that 
utilizes an embedded finite element model. 

Although the COL applicant updated the lateral earth pressure analysis results, it did not provide 
a comparison of the site-specific total lateral earth pressure with the standard design.  In 
RAI 268, Question 02.05.04-28, the staff requested that the COL applicant verify whether the 
estimated site-specific lateral earth pressure is enveloped by the standard design to ensure the 
stability of foundations. 

In a July 9, 2011, response to RAI 268, Question 02.05.04-28, the COL applicant provided plots 
to compare the CCNPP 3 site-specific lateral pressure with each of the 10 walls around the NI 
determined in the standard design.  The comparison shows that the site-specific total static and 
dynamic earth pressure distributions along the side walls surrounding the NI is much smaller 
than that determined in the standard design.  The comparison with the lowest envelope margin 
is shown in Figure 2.5.4-5 of this report. 

After reviewing the RAI responses, the staff considers that the method used by the COL 
applicant to estimate the lateral earth pressure induced by backfill compaction is acceptable for 
following a commonly used standard; the soil parameters, including soil unit weight and the 
revised Poisson’s ratio used in the analysis are reasonable based on site investigation 
information and engineering judgment; and the estimated site-specific total static and dynamic 
earth pressure distributions along the side walls surrounding the NI are well enveloped by that 
specified in the standard design.  Therefore, the staff concludes that the COL applicant 
adequately considered all possible lateral earth pressure components, including static active 
and at-rest embedment earth pressures, hydrostatic pressure, surcharge active and at-rest 
pressures, seismic active and at-rest earth pressures and compaction-induced lateral pressure, 
in the site-specific total earth pressure analysis; and the analysis results confirmed that the 
site-specific total lateral earth pressure meets the requirement of the standard design.  The staff 
also confirmed that the atest revision of the COL FSAR has incorporated all proposed changes.  
Accordingly,the staff considers the RAI 229, Question 02.05.04-18 and RAI 268, Question 
02.05.04-28 resolved. 

2.5.4.4.11 Design Criteria 

There is no departure from the standard design and there are no supplements to this section. 

2.5.4.4.12 Techniques to Improve Subsurface Conditions 

The COL applicant limits the ground treatment to localized excavation of unsuitable soils at 
foundation subgrades and replaces them with structural backfill or lean concrete.  The COL 
applicant planned to use proof-rolling to identify any unsuitable soils for further excavation and 
replacement, as well as to densify upper portions of the subsurface. 
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The staff reviewed COL FSAR Section 2.5.4.12 and concluded that the COL applicant has 
described a complete plan to improve the subsurface conditions at the CCNPP Unit 3 site, 
which form an adequate basis for improving subsurface conditions at the site and meet the 
requirements of 10 CFR Part 50. 

2.5.4.5 Post Combined License Activities 

There are no post COL activities related to this section. 

2.5.4.6 Conclusion 

As a result of the open item related to RAI 307, Question 02.05.04-31, the staff was unable to 
finalize the conclusions relating to compliance with 10 CFR 52.79 and 10 CFR 100.23, in 
accordance with the regulatory requirements. 

The staff reviewed the COLA and checked the referenced design certification FSAR to ensure 
that all COL information items, interface items, and supplemental information required to be 
provided by the COL applicant have been addressed in the COLA.  The staff is reviewing the 
COL information incorporated by reference from the U.S. EPR FSAR on Docket No. 52-020.  
The results of the staff’s technical evaluation of the COL information incorporated by reference 
from the U.S. EPR FSAR will be documented in the staff’s evaluation of the U.S. EPR design 
certification application. The staff will update this report to reflect the final disposition of the U.S. 
EPR design certification application. 

The staff reviewed the CCNPP Unit 3 application and found that the COL applicant has 
performed an adequate subsurface exploration that meets or exceeds the requirements for 
numbers and depths of borings.  The COL applicant used various field exploratory methods to 
confirm soil properties between methods.  The COL applicant also performed laboratory tests to 
characterize the static and dynamic properties of the subsurface materials at the CCNPP site.  
The COL applicant has satisfactorily documented field and laboratory test procedures and 
results.  The staff concluded that the soil properties used in the analyses are determined based 
on field investigation and laboratory test results with consideration of the variability of soil 
properties, and reasonably represent the site conditions beneath the planned locations of the 
plant facilities.  The staff concluded that the methods of analysis are appropriate for the planned 
foundations and soil conditions at the site.  The methods of analysis to determine bearing 
capacity, settlement, and static and dynamic lateral loads were reviewed for agreement with the 
state of the-art methods, the use of appropriate factors of safety, and consistency with the 
assumptions made in the development of the methods of analysis. 

The analyses of the bearing capacity and the settlement of the supporting soils and foundations 
under the static and dynamic loading conditions were evaluated using conventional, 
state-of-the-art methods.  In general, the staff confirmed that the COL applicant’s evaluation 
procedures were conservative and included conventional factors of safety. 

The staff concluded that the COL applicant has carefully considered the design criteria.  The 
staff’s own liquefaction confirmatory analyses matched most portions of the COL applicant’s 
analyses.  The staff’s own settlement confirmatory analyses provided reference to the analysis 
performed by the COL applicant. The staff reviewed the COL applicant’s sample calculation to 
determine the bearing capacity and settlement, and concludes that the computed factors of 
safety are adequate. 
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applicant also evaluated the impact of naturally-occurring erosion on these cliffs and their 
potential impact on safety-related structures.  TheCOL  applicant refers to COL FSAR 
Sections 2.5.1 and 2.5.4 for information on site conditions and geologic features, and the 
properties of the underlying soil and the backfill. 

2.5.5.2.1 Slope Characteristics 

COL FSAR Section 2.5.5.1 describes the characteristics of constructed and natural slopes. 

2.5.5.2.1.1 Characteristics of Constructed Slopes 

COL FSAR Subsection 2.5.5.1.1 discusses the origin and characteristics of engineered slopes.  
The COL applicant stated that site grading will include the powerblock, switchyard, cooling 
tower, intake and utility corridor areas of the CCNPP Unit 3 site, in which all safety-related 
structures are located.  Figure 2.5.5-1 of this report shows the location of these areas with a 
schematic of the overall grading configurations.  The COL applicant stated that due to cut, fill 
and general site grading activities throughout the site, permanent slopes would be erected, the 
largest of which would be approximately 15.2 m (50 ft) in the powerblock area and 27.4 m (90 ft) 
in the intake area with an inclination of about 3 horizontal to 1 vertical.  Figure 2.5.5-2 of this 
report shows one of the seven representative cross-sections of the typical site grading 
configurations that the COL applicant used to perform slide stability evaluations. 

2.5.5.2.1.2 Characteristics of Natural Calvert Cliffs  

COL FSAR Section 2.5.5.1.2 refers to COL FSAR Section 2.5.5.2 for stability of Natural Calvert 
Cliffs. 

2.5.5.2.1.3 Exploration Program and Geotechnical Conditions   

COL FSAR Section 2.5.5.1.3 refers to COL FSAR Section 2.5.4 for details on the geotechnical 
exploration program, groundwater conditions, sampling, materials and other geotechnical 
parameters.  The COL applicant obtained the properties associated with slope stability from 
data collected during the exploration program such as SPT and geophysical testing. 

The COL applicant stated that it will remove the first two soil layers, Terrace Sand and 
Chesapeake Clay/Silt IIa, and replace the removed materials with structural backfill.  The COL 
applicant selected an average groundwater elevation of 24.3 m (80 ft) for the powerblock area 
where natural soils are present, and 26.7 m (55 ft) where structural fill is placed.  The COL 
applicant also estimated groundwater levels of 2.54, 9.40 and 6.10 m (10, 37 and 24 ft) for the 
Intake Area, Intake Slope and Utility Corridor, respectively.  The COL applicant stated that if fill 
is to be placed in naturally low-lying areas, the ground may be saturated.  Therefore, a layer of 
highly permeable drainage material would be placed between the soil and the fill to avoid 
saturation of the fill material and maintain the ground water level near the bottom of the fill. 

2.5.5.2.2 Design Criteria and Analysis 

COL FSAR Section 2.5.5.2 assesses the stability of slopes by using various limit equilibrium 
methods that consist of dividing a potential sliding mass into vertical slices and applying 
moment or force equilibrium resulting in a FS that is the ratio of shear strength of soil to the 
shear stress required for equilibrium.  For the dynamic analysis of the slopes, the COL applicant 
used a pseudo-static approach that incorporated the effects of seismic vibration by ground 
motion accelerations into the limit equilibrium methods.  Based on Duncan (1996), the COL 
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applicant stated that a FS of 1.5 and 1.0 to 1.2 is acceptable for long-term and infrequent 
loading conditions, respectively. 

2.5.5.2.2.1 Stability of Constructed Slopes 

COL FSAR Section 2.5.5.2.1 discusses the results obtained from the analyses of stability of 
constructed slopes.  The COL applicant used the computer program SLOPE/W (GEO-SLOPE, 
2007) to analyze the proposed slopes.  This program calculates FS using various methods to 
determine a critical slip surface that has minimum values of FS.  The COL applicant did not 
include surcharge pressures in the analyses because the planned structures are sufficiently far 
away from the edges of the slopes so that they do not impose surcharge loading on the slopes. 

For the static analysis, the COL applicant used a Mohr-Coulomb failure criterion based on 
effective stress conditions.  For sand layers, the COL applicant conservatively assumed an 
effective cohesion of zero and selected the effective friction angles based on the results of field 
and lab tests.  For clay layers, the COL applicant selected the effective cohesion and friction 
angle from a series of triaxial and direct shear tests performed.  For the dynamic analysis, the 
COL applicant considered two cases:  One is a Mohr-Coulomb failure criterion based on total 
stress conditions, and other one is based on effective stress conditions using the same 
parameters as in the static analysis. 

The COL applicant presented its slope stability analysis results in COL FSAR Table 2.5-72.  The 
table shows that, among all slopes analyzed, the values of minimum FS are 1.63 for static 
analysis, and 1.14 for dynamic analysis, respectively.  The COL applicant states that for the 
dynamic analysis, although the effective stress conditions produce a lower FS, the total stress 
conditions are a more representative field condition because pore water pressures do not have 
enough time to dissipate under seismic loading.  The COL applicant concluded that since all 
slopes analyzed exceed the minimum acceptable values for both the static and dynamic cases, 
the slopes in the powerblock, intake area and utility corridor have sufficient stability against 
slope failure. 

2.5.5.2.2.2 Stability of Natural Calvert Cliffs 

COL FSAR Section 2.5.5.2.2 discusses the potential for slope failure of natural Calvert Cliffs.  
The COL applicant explained that the cliffs are near vertical slopes eroded about 0.6 to 1.2 m 
(2 to 4 ft) per year caused by long and short term natural processes that exist near the CCNPP 
Unit 3 area, and refers to COL FSAR Section 2.4.9 for details on the erosion processes. 

The COL applicant stated that near the site, the cliffs range from an elevation of 9.1 to 30.5m 
(30 to 100 ft).  Based on the preconstruction exploration performed, the COL applicant stated 
that due to the high strength of soil deposits found in the area, specifically soils with high 
plasticity and a moderate amount of fines, and the past performance of the cliffs, their global 
stability will not be considerably different from the actual behavior.  In addition, the COL 
applicant stated that the distance between the nearest Seismic Category I structure to the cliffs 
is approximately 366 m (1,200 ft), therefore, any construction activity or surcharge loading will 
not affect the stability of the cliffs. 

The COL applicant hypothesized two failure scenarios where the global stability of the cliffs 
could be affected.  In the first scenario, the cliffs would fail by way of a wedge portion sliding into 
the Chesapeake Bay.  The COL applicant stated that if a 45-degree angle wedge were to occur, 
only an area of approximately 30.4 m (100 ft) atop the cliff would be affected and, therefore, 
none of the Seismic Category 1 structures would be affected.  In the second scenario, a portion 
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of the cliff would separate and topple into the Chesapeake Bay.  The COL applicant stated that 
this scenario is not possible because hydrogeologic conditions necessary for this are not found 
on the site. 

In contrast, the COL applicant stated that erosion of the cliffs is expected to continue at the 
same annual rate of 0.6 to 1.2 m (2 to 4 ft); and it would take approximately 125 to 250 years for 
the edge of the cliff to be within 213 m (700 ft) of any Seismic Category 1 structure.  Therefore, 
the COL applicant concluded that erosion would not affect the slope stability of the natural 
Calvert Cliffs. 

2.5.5.2.2.3 Conclusion of Slope Stability Analysis 

COL FSAR Section 2.5.5.2.3 concludes that both constructed and natural slopes are stable and 
have no potential for failure that would affect the safety of CCNPP Unit 3. 

2.5.5.2.3 Logs of Borings 

COL FSAR Section 2.5.5.3 refers to CCNPP COLA Part 11J for geotech data report. 

2.5.5.2.4 Compacted Fill 

COL FSAR Section 2.5.5.4 refers to COL FSAR Section 2.5.4.5 for details of compacted fill. 

2.5.5.3 Regulatory Basis 

The regulatory basis of the information incorporated by reference is addressed within the FSER 
related to the U.S. EPR FSAR. 

In addition, the applicable regulatory requirements for the stability of slopes are as follows: 

• 10 CFR Part 50, Appendix A, GDC 2, as it relates to consideration of the most severe of 
the natural phenomena that have been historically reported for the site and surrounding 
area, with sufficient margin for the limited accuracy, quantity, and period of time in which 
the historical data have been accumulated. 

• 10 CFR Part 50, Appendix S, as it applies to the design of nuclear power plant 
structures, systems, and components important to safety to withstand the effects of 
earthquakes. 

• 10 CFR 100.23, provides the nature of the investigations required to obtain the geologic 
and seismic data necessary to determine site suitability and identify geologic and 
seismic factors required to be taken into account in the siting and design of nuclear 
power plants. 

The related acceptance criteria from NUREG-0800, Section 2.5.5 are summarized as follows: 

• Slope Characteristics:  To meet the requirements of 10 CFR Part 50 and 
10 CFR Part 100, the discussion of slope characteristics is acceptable if the subsection 
includes:  (1) Cross sections and profiles of the slope in sufficient quantity and detail to 
represent the slope and foundation conditions; (2) a summary and description of static 
and dynamic properties of the soil and rock comprised by Seismic Category I 
embankment dams and their foundations, natural and cut slopes, and all soil or rock 
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slopes whose stability would directly or indirectly affect safety-related and Seismic 
Category I facilities; and (3) a summary and description of groundwater, seepage, and 
high and low groundwater conditions. 

• Design Criteria and Analyses:  To meet the requirements of 10 CFR Part 50 and 
10 CFR Part 100, the discussion of design criteria and analyses is acceptable if the 
criteria for the stability and design of all Seismic Category I slopes are described and 
valid static and dynamic analyses have been presented to demonstrate that there is an 
adequate margin of safety. 

• Boring Logs:  To meet the requirements of 10 CFR Part 50 and 10 CFR Part 100, the 
COL applicant should describe the borings and soil testing carried out for slope stability 
studies and dam and dike analyses. 

• Compacted Fill:  To meet the requirements of 10 CFR Part 50, the COL applicant should 
describe the excavation, backfill, and borrow material planned for any dams, dikes, and 
embankment slopes. 

In addition, the geotechnical engineering characteristics should be consistent with appropriate 
sections from:  RG 1.27, “Ultimate Heat Sink for Nuclear Power Plants”; RG 1.28, “Quality 
Assurance Program Requirements (Design and Construction)”; RG 1.132, “Site Investigations 
for Foundations of Nuclear Power Plants”; RG 1.138, “Laboratory Investigations of Soils And 
Rocks for Engineering Analysis and Design of Nuclear Power Plants”; RG 1.198, “Procedures 
and Criteria for Assessing Seismic Soil Liquefaction at Nuclear Power Plant Sites”; and 
RG 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition)”. 

2.5.5.4 Technical Evaluation 

The staff reviewed COL FSAR Section 2.5.5 and confirmed that the information contained in the 
COLA addresses the required information relating to the stability of slopes. 

2.5.5.4.1 Slope Characteristics 

COL FSAR Section 2.5.5.1 describes the characteristics of constructed and natural slopes, their 
subsurface condition and impact of the slope stability on the Seismic Category I structures at 
the CCNPP site. 

COL FSAR Section 2.5.5.1.3 states that in locations where Seismic Category I structural fill 
replaced in-situ soils, the groundwater level was chosen at an elevation of 16.8 m (55 ft) in the 
slope stability analysis.  Since the staff noted that COL FSAR Section 2.4.12.5 indicates that the 
post-construction groundwater level ranges from 1.83 to 4.88 m (6 to16 ft) below the surface, 
corresponding to elevations of 23.5 to 20.4 m (77 to 67 ft), in RAI 215, Question 02.05.05-1, to 
discuss the effect of a higher groundwater level in the slope stability analyses. 

In a March 19, 2010 response to RAI 215, Question 02.05.05-1, as well as the March 21, 2011, 
response to RAI 295, Question 02.05.04-30, the COL applicant clarified that the groundwater 
elevation used in the slope stability analysis is correct based on a revised groundwater analysis, 
and that COL FSAR Section 2.4.12.5 had been updated.  The staff reviewed the latest revision 
of the COL FSAR and confirmed that the post-construction groundwater elevation based on the 
new analysis is about 16.8 m (55 ft), with a higher elevation of about 18.3 m (60 ft) at the edge 
of the excavation in the power block area, but the groundwater level in the slope area is below 
elevation 16.8 m (55 ft).  Therefore, the staff concludes that the groundwater level used in the 
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slope stability analyses is adequate.  Accordingly, the staff considers RAI 215, 
Question 02.05.05-1 resolved. 

2.5.5.4.2 Design Criteria and Analyses 

COL FSAR Section 2.5.5.2 describes the criteria used to ascertain the stability of constructed 
and natural slopes at the CCNPP site.  Since there is no outstanding issue, the staff concludes 
that the COL applicant adequately addressed the stability of slopes. 

2.5.5.4.3 Boring Logs 

The COL applicant provided boring logs in CCNPP COLA Part 11J.  The staff reviewed this 
information and concludes that the information provided satisfies the requirements of 
10 CFR Part 50 and 10 CFR Part 100. 

2.5.5.4.4 Compacted Fill 

COL FSAR Section 2.5.5.4 refers to COL FSAR Section 2.5.4.5. 

2.5.5.5 Post Combined License Activities 

There are no post COL activities related to this section. 

2.5.5.6 Conclusion 

As discussed above, the COL applicant presents and substantiates information that establishes 
the stability of all earth and rock slopes, both natural and manmade, at the plant site.  The staff 
reviewed the COL applicant’s investigations of the slope stability studies and concluded that the 
margins of safety in the design analyses adequately demonstrate that natural and manmade 
slopes will remain stable under site-specific seismic loading conditions, and safety-related 
earthwork will function reliably at the site to justify the soil and rock characteristics used in the 
design.  The staff further concluded that the design analyses contain adequate margins of 
safety for the construction and operation of the nuclear power plant that meet the requirements 
of 10 CFR Part 50, Appendix A (GDC 1, 2, and 44); 10 CFR Part 50, Appendices B and S; and 
10 CFR 100.23.  The design analyses address COL License Information Items 2.40 and 2.41. 

The staff’s review also confirmed that the COL applicant has addressed the relevant 
information, and no outstanding information is expected to be addressed in the COL FSAR 
related to this section.  Therefore, the staff concluded that the CCNPP Unit 3 site is suitable with 
respect to the criteria governing the stability of slopes. 
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Figure 2.5.5-1 Site Grading Plan with Slope Cross Sections 
(taken from COL FSAR, Revision 8, Figure 2.5-197) 
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