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

License in the Areas Relating to Geology and Seismology 
TAC No. RXO105 
Unistar Nuclear 
 
FSAR RAIs, Submitted by USGS, 6 February, 2009, for Calvert Cliffs, Maryland, 
site 
 
Russell L. Wheeler (USGS), Chris H. Cramer, Roy B. Van Arsdale, Randel T. Cox, 
Stephen Horton (University of Memphis), and Oliver Boyd (USGS) 
________________________________________________________________________ 
 
Section 2.5.1: Basic Geologic and Seismic Information 
 
RAI 2.5.1-1 
 
FSAR figure 2.5-24 shows CEUS seismicity in the central eastern and northeastern U.S. 
from the EPRI, 1986 catalog.  Subsequent figures showing seismicity in the region also 
include updated seismicity from 1985-2006 from table 2.5-2.  Please add updated 
seismicity from table 2.5-2 to figure 2.5-24 to make it compatible with other figures 
showing CEUS seismicity. 
 
RAI 2.5.1-2 
 
FSAR 2.5.1.1.3.1.4 (p. 2.5-22) — Concerning Plio-Peistocene Upland deposits the FSAR  
describes this stratigraphic unit as a “…sediment sheet whose base slopes toward the 
southwest (Glaser, 1971) (Hansen, 1996). This erosion might have occurred due to 
differential uplift during the Pliocene or down cutting in response to lower base levels 
when sea level was lower during period of Pleistocene glaciation”. Concerning 
Quaternary Lowland deposits, “These deposits occur in only a few places along the 
eastern shore of Chesapeake Bay”. The FSAR makes similar statements in 2.5.1.2.3.3. 

The peninsula the site occupies (as well as adjacent peninsulas) has highly 
asymmetric topography (steep to the NE).  An older paper by Schlee (1957, Geological 
Society of America Bulletin 68: 1,371–1,410) discusses the depositional setting of the 
Upland deposits and possible causes of the southwest dip of their basal contact and the 
asymmetric topography and concludes neotectonic tilting is strongly suggested.  
Furthermore, figure 2.5-29B shows a progressive southwestward shifting of Quaternary 
paleochannels within Chesapeake Bay. 

Please address this issue in the context of possible Pliocene or Quaternary 
neotectonics, Pleistocene glacial rebound/forebulge, the east-facing monoclines of 
McCartan (1995), and seismic hazard. 
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RAI 2.5.1-3 
 
FSAR 2.5.1.1.4 (p. 2.5-27) states, “A global review of earthquakes in SCRs shows that 
areas of Mesozoic and Cenozoic extended crust are positively correlated with large SCR 
earthquakes.”  This conclusion has been reassessed by Schulte and Mooney (2005, 
Geophysical Journal International, 161: 707–721).  Please incorporate the views in this 
paper in the discussions of rifted crust and the seismic hazard potential at the site. 
 
RAI 2.5.1-4 
 
FSAR 2.5.1.1.4 on regional tectonic setting (p. 2.5-27) states that there is no evidence for 
late Cenozoic seismogenic activity of any tectonic feature or structure in the site region 
based on the Quaternary feature databases of Crone, 2000 and Wheeler, 2005.  The Crone 
and Wheeler databases are based on literature searches that were thorough but not 
exhaustive and, as such, might have missed some publications. The databases cannot 
support statements that there is no published evidence of active Quaternary faults and 
features. Additionally, active features may not have been found and reported in the 
literature yet.  Please either summarize the characteristics and findings of any detailed, 
thorough investigations for Quaternary features throughout the site vicinity or the site 
area, or revise these and similar statements of the implications of the Crone and Wheeler 
databases. 
 
RAI 2.5.1-5 
 
FSAR 2.5.1.1.4.1.2 (p. 2.5-29) states, “Northwest-southeast-directed postrift shortening, 
manifested in Mesozoic basin inversion structures, provides the clearest indication of this 
change in stress regime (Withjack, 1998).” On figure 2.5-13 there is a shallow structural 
high at borehole CA Gd 60 (Solomon) that dies out with depth that is consistent with 
typical inverted grabens.  Furthermore, the fault proposed by Kidwell (1997) referred to 
in section 2.5.1.1.4.4.4.8 appears to coincide with this high.  Please discuss the potential 
for this feature to be an inverted Mesozoic fault. 
 
RAI 2.5.1-6 
 
FSAR 2.5.1.1.4.1.2 (p. 2.5-30) states, “Many of the synrift normal faults are interpreted 
as Paleozoic thrust faults reactivated during Mesozoic rifting.”   Is it not equally likely 
that the Mesozoic rift faults are reactivated normal faults that formed during the latest 
Proterozoic-Cambrian rifting of Rodinia?  Please provide your rationale for not 
discussing this possibility. 
 
RAI 2.5.1-7 
 
FSAR 2.5.1.1.4.1.2 (p. 2.5-30) states, “The Mesozoic basins are discussed further in 
Section 2.5.1.1.4.4.3 as well as the hypothesized Queen Anne basin shown as lying 
beneath the site (Figure 2.5-10).”  The cited figure shows a basin beneath the site, but the 
figure shows a bounding fault only along part of the northwest basin edge, more than 50 
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km north of the site. The basin and the fault are both from Benson (1992). Is there likely 
to be a basin-bounding fault beneath the site? Please clarify the FSAR statement. 
 
RAI 2.5.1-8 
 
FSAR 2.5.1.1.4.1.3 (p. 2.5-32) is the first mention of the North Anna site, which is 
mentioned several more times throughout FSAR 2.5.1-2.5.3. However, no figure shows 
the location of the North Anna site. Please add the location to figure 2.5-5, in order to 
show the regional geologic context of the location. 
 
RAI 2.5.1-9 
 
FSAR 2.5.1.1.4.2 (p. 2.5-33) states “More recent assessments of lithospheric stress do not 
support inferences by some EPRI expert teams that the orientation of the principal stress 
may be locally perturbed in the New England area, along the east coast of the United 
States, or in the New Madrid region.” However, Kim and Chapman (2005, BSSA) state 
that “a regional stress model derived from the 2003 (CVSZ) event and 11 previous events 
indicates thrust faulting with σ1 trending 133° (±12°).” This is a local rotation of σ1 in the 
CVSZ 68° clockwise relative to the ENA average of 65°. Please modify your statement 
on page 2.5-33 to reflect the results of this study. Please discuss the significance of a 
local rotation of σ1 in the CVSZ. 
 
RAI 2.5.1-10 
 
FSAR 2.5.1.1.4.3.2 (p. 2.5-38) states, “The ECMA is not directly associated with a fault 
or tectonic feature, and thus is not a potential seismic source.”  In figures 2.5-18 and 2.5-
19 referenced in the previous sentence faulting is illustrated in the ECMA.   Please 
resolve this apparent contradiction. 
 
RAI 2.5.1-11 
 
FSAR 2.5.1.1.4.3.2 (p. 2.5-38) states, “Discrete magnetic lows associated with the 
Richmond and Culpeper basins are discernible on the 2002 North America magnetic 
anomaly map (Bankey, 2002) (Figure 2.5-22).”  The same page states “The distinctive, 
elongate magnetic anomalies associated with these igneous bodies within the synrift 
basins of the Piedmont are also used beneath the Coastal Plain to delineate the 
Taylorsville, Queen Anne, and other synrift basins (e.g., (Benson, 1992)).” 
 

(a) These basins are not labeled in figure 2.5-22.  Please provide an edited figure 
2.5-22 that better illustrates your discussion. 
 

(b) Please explain why only Withjack’s basins are shown in figure 2.5-22, instead 
of both hers and those of Benson, as in figure 2.5-10. If there is no scientific basis for 
choosing one author over the other, then please provide a separate, additional figure 
showing Benson’s basins to support the quoted statement. 
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RAI 2.5.1-12 
 
FSAR 2.5.1.1.4.3.2 (p. 2.5-39) states, “A magnetic profile along an approximately west-
northwest to east-southeast transect through central Pennsylvania (Glover, 1995b) (Figure 
2.5-17) indicates that paired high and low magnetic anomalies are associated with the 
western margins of crustal units truncated by thrust faults.”  Thrust ramps truncate their 
footwalls, but may or may not truncate their hanging walls. Does the quotation refer to 
the eastern margins instead? Please clarify whether the statement refers to the footwalls 
or hanging walls of the thrust faults. 
 
RAI 2.5.1-13 
  
FSAR 2.5.1.1.4.4 (p. 2.5-39) and 2.5.1.1.4.4.4 (p. 2.5-45) discuss the Eocene Chesapeake 
Bay Impact Structure (CBIS) and state “Based on the absence of published literature 
documenting Quaternary tectonic deformation and spatially associated seismicity, we 
conclude that this feature is not a capable tectonic source.’’  However, the FSAR does not 
cite any literature documenting the lack of Quaternary tectonic deformation associated 
with this feature.  The lack of any literature in and of itself does not indicate a lack of 
Quaternary tectonic deformation, only a lack of investigations.  Further, the lack of 
associated seismicity may not indicate no potential for large earthquake activity as the 
San Andreas Fault in California has no associated seismicity with capable tectonic 
portions except when M>7.5 earthquakes occur on that fault. 
 

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

 
(b) The spatial association between a normal-faulted passive margin and a large 

impact crater is also present at the Charlevoix seismic zone, Quebec. In light of this 
similar spatial association, please provide the rationale for not discussing the seismic 
potential of the Chesapeake Bay impact crater. 

 
(c) P. 2.5-45 states “Primarily middle Miocene to Quaternary sediments thicken 

and sag into the primary and secondary craters.” Thus, some Quaternary sediments 
thicken and sag into the craters. Please explain how these relations differ from the classic 
description of a growth fault, in which the faulting would be the same age as the inward-
thickening sediments. 
 
RAI 2.5.1-14 
 
FSAR 2.5.1.1.4.4.1 (p. 2.5-40) states that “extended crust of the Iapetan passive margin 
extends eastward beneath the Appalachian thrust front approximately to the eastern 
(should be “western”) edge of Mesozoic extended crust….” The FSAR concludes that 
Grenville crust that was extended by Iapetan rifting is no closer to the site than about 113 
km. However, the interpreted eastern limit of extended Grenville crust is actually only the 
eastern limit of largely intact Grenville crust, which has undergone only slight extension 
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by Iapetan faulting (Wheeler, 1996, Figure 2). Wheeler (1996) cites interpretations of 
published seismic-reflection profiles. The interpretations indicate that more intensely 
extended and thinned Grenville crust extends at least another 40–80 km eastward. Please 
explain whether or not this correction will impact hazard assessment at the site. 
 
RAI 2.5.1-15 
 
FSAR 2.5.1.1.4.4.2 (2.5-41)  “The majority of these structures dip eastward and sole into 
one or more levels of low angle, basal Appalachian decollement (Figure 2.5-17).  Below 
the decollement are rocks that form the North American basement complex (Grenville or 
Laurentian crust).” 
  

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

(b) Iapetan (Rodinia rifting) normal faults are expected in this basement complex, 
and the figure shows them schematically.  Please consider these probable structures in 
this discussion. 
 
RAI 2.5.1-16 
 
FSAR 2.5.1.1.4.4.3 (p. 2.5-44) states, “The rift-bounding normal faults are interpreted by 
some authors to be listric at depth and merge into Paleozoic low angle basal decollement 
(Manspeizer, 1989).  Other authors interpret rift-bounding faults to penetrate deep into 
the crust following deep crustal fault zones (Figure 2.5-19).”  
 

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

(b) Are there not any deep reflection lines across these rift basins to determine 
which model is correct? 
 
RAI 2.5.1-17 
 
FSAR 2.5.1.1.4.4.3 (2.5-44) states, “Aside from the global finding of Johnson (sic) and 
others (1994) that areas of Mesozoic extended crust are correlated with large magnitude 
earthquakes within stable continental regions (i.e., new Madrid seismic zone), there are 
no specific Mesozoic basin-bounding faults that have demonstrable associated seismic 
activity or evidence for recent fault activity (Figure 2.5-10 and Figure 2.5-24).” Please 
place the Mesozoic basin-bounding faults, both Benson’s and Withjack’s sets of 
Mesozoic basins, and depth-coded epicenters together on figure 2.5-24 to support the 
statement. 
 
RAI 2.5.1-18 
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FSAR 2.5.1.1.4.4.4.4 (p. 2.5-50) states, “Based on our field reconnaissance with USGS 
researchers, future additional investigations are planned by the USGS to further 
investigate the age of the gravels and lateral continuity of the National Zoo faults.”  What 
are the results of the followup work? 
 
RAI 2.5.1-19 
 
FSAR 2.5.1.1.4.4.4.5 (p. 2.5-50) states, “Based on seismic reflection data, collected about 
9 mi (15 km) west-southwest of the site, the fault zone consists of a narrow zone of 
discontinuities that vertically separate basement by as much as 250 ft (76 m) (Hansen, 
1978).”  In figure 2.5-27 seismic line St-M-1 is located across the Hillville fault.  Provide 
seismic line St-M-1 for inspection and the Hansen (1978) profile if different.  Was this 
fault seen in the Chesapeake Bay marine-reflection data of figure 2.5-29? 
 
RAI 2.5.1-20 
 
FSAR 2.5.1.1.4.4.4.6 (p. 2.5-51) cites the unnamed fault as having its southwest side up, 
but near the mouth of the Susquehanna River the west side is downthrown. The unnamed 
fault is mapped in figure 2.5-25 as submarine. The east coast of the Chesapeake Bay 
along the southern projection of this unnamed fault is very straight in figure 2.5-25. 
 

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

(b) Is there any new submarine information about this possible fault? 
 

(c) Please evaluate the hypothesis that the straight eastern coast line of the 
Chesapeake Bay might be a result of young faulting, and present the evidence and 
reasoning for your evaluation. 
 
RAI 2.5.1-21  
 
FSAR 2.5.1.1.4.4.4.7 (p. 2.5-53) states, “The observation that the west side of 
Chesapeake Bay is elevated and dissected, and that approximately 37 ka estuarine 
deposits are approximately 6 feet above sea level is compelling evidence for recent (late 
Quaternary) uplift. Similar elevated, dissected topography and approximately 37 ka 
estuarine deposits are observed over broad portions of the Coastal Plain along the eastern 
seaboard east and west of Chesapeake Bay. These surfaces of apparent anomalous 
elevations have recently been attributed to the presence of a glacial forebulge developed 
outboard of the Laurentide ice sheet (Scott, 2006)” and references a thesis not readily 
available to all reviewers. 

It is not clear if the glacial forebulge referred to is associated with the last 
Wisconsin glacial advance circa 20 ka and if the said forebulge has not collapsed 
completely enough to let 37-ka-old estuarine deposits back down to their original 
elevation.  Please elaborate on this issue and alternative tectonic explanations and the 
implications of de-glacial and tectonic epeirogeny to seismic potential. 
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RAI 2.5.1-22 
 
FSAR 2.5.1.1.4.4.4.7 (p. 2.5-52) states, “McCartan (McCartan, 1995) show east-facing 
monoclinal structures bounding the western margin of Chesapeake Bay 1.8 and 10 mi 
(2.9 and 16 km) east and southeast, respectively, of the site (Figure 2.5-25).”  The 
monocline is not shown on figure 2.5-25.  Please edit figure 2.5-25 to include the 
monocline. 
 
RAI 2.5.1-23 
 
FSAR 2.5.1.1.4.4.5.4 (p. 2.5-58) states, “The Ramapo fault system is located in northern 
New Jersey and southern New York State, approximately 30 mi (209 km) north-northeast 
of the CCNPP site (Figure 2.5-31). This fault system consists of northeast-striking, 
southeast-dipping, normal faults that bound the northwest side of the Mesozoic Newark 
basin”, but later states, “…approximately half of the reported earthquakes occur near the 
margins of the Newark Basin, far from the Ramapo fault…”(p. 2.5-59).  Please clarify the 
apparent contradiction between these two statements about the distance between the 
Ramapo fault and the Newark basin. 
 
RAI 2.5.1-24 
 
FSAR 2.5.1.1.4.4.5.4 (p. 2.5-59) states about the Ramapo fault, “In addition, a 
reassessment of the eastern U.S. stress field demonstrated that the present-day stress field 
is oriented east-southeast (Zoback, 1989a), which would be inconsistent with the 
previously inferred reverse reactivation of the fault.”  This contradicts section 2.5.1.1.4.2 
(p. 2.5-34) that states, “To summarize, analyses of regional tectonic stress in the CEUS 
since EPRI (1986) have not significantly altered the characterization of the northeast-
southwest orientation of the maximum compressive principal stress.” Please explain how 
east-southeast compression is inconsistent with reverse slip on a northeast-striking fault. 
Please also explain the seeming contradictions between the two quoted stress 
orientations. 
 
RAI 2.5.1-25 
 
FSAR 2.5.1.1.4.4.5.4  and 2.5.1.1.4.4.5.5 (p. 2.5-58 — 2.5-60) cite figure 2.5-31 as 
showing the Ramapo, Kingston, and New York Bight faults. However, the figure is a 
regional summary and shows the faults only as small circled numbers. Please provide one 
or more separate figures showing the fault traces and the map relations that are described 
in the text, including the relations of the New Jersey and Long Island shorelines to the 
New York Bight fault. 
   
RAI 2.5.1-26 
 
FSAR 2.5.1.2.3.2 (p. 2.5-70) states that, “The Patapsco formation is the uppermost unit in 
the Potomac Group and consists of gray, brown and red variegated silts and clays 
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interbedded with lenticular, cross-bedded clayey sands and minor gravels.”  This 
sentence does not agree with figure 2.5-36.  Edit the figure or text as appropriate. 
 
RAI 2.5.1-27 
 
FSAR 2.5.1.2.4 (p. 2.5-73) states, “Although the basement beneath the site has not been 
penetrated with drill holes, regional geologic cross sections developed from geophysical, 
gravity and aeromagnetic, as well as limited deep borehole data from outside of the 
CCNPP site area, suggest that Precambrian and Paleozoic crystalline rocks and, less 
likely, Mesozoic rift-basin deposits are present at about 2,500 ft (762 m) msl (Section 
2.5.1.2.2).” [Should be … 2,500 ft (762 m) below msl ….]  

This summarizes a change in tone midway through the application such that the 
argued age of the crust under the site changes from Mesozoic to Paleozoic. For example, 
figures 2.5-10, 11 (Jurassic basement), 12, 15, and 16b (no crustal type is designated on 
16a) all indicate Mesozoic crust at or near the site.  Please resolve this issue. 
 
RAI 2.5.1-28 
 
FSAR 2.5.1.2.4 (p. 2.5-74) suggests that no basin-related fault or faulting is known 
directly beneath the site area. 

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

Please evaluate whether or not the border fault of either basin is likely to extend 
beneath the site. If it does, explain whether or not the fault is likely to be in brittle upper 
crust or in ductile lower crust, and what the implications for hazard might be. 
 
RAI 2.5.1-29 
 
FSAR 2.5.1.2.4 (p. 2.5-76) In reference to elevation differences across a postulated fault 
within 2 km of the site (Kidwell, 1997), the FSAR states, “…these can be readily 
explained by channeling and highly irregular erosional surfaces. Field and aerial 
reconnaissance, coupled with interpretation of aerial photography and LiDAR data 
(Section 2.5.3.1 for additional information regarding the general methodology) conducted 
as part of this CCNPP Unit 3 study revealed no features suggestive of tectonic 
deformation developed in the surrounding Pliocene and Quaternary surfaces.” 

Kidwell (1997) is meticulous in the detailed description of sedimentary facies at 
Calvert Cliffs.  Many channel deposits are defined in the paper, and it seems unlikely that 
overlooked channels can account for the multiple stratigraphic contacts that are offset. 
Furthermore, on figure 2.5-26 Moran Landing is at the northeast end of a fairly linear 
stream valley trending northeast that may be a fault or fracture zone trace. 
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Please provide additional surface and subsurface data across this feature to show 
that each of the geologic contacts that are down-dropped at the proposed fault contain 
channel deposits in the lows. 
 
RAI 2.5.1-30 
 
FSAR 2.5.1.2.6.4 (p. 2.5-78) states that “there is no evidence of earthquake-induced 
liquefaction in the State of Maryland”, citing Crone (2000) and Wheeler (2005). This is 
incorrect. The cited papers resulted from a literature search that was extensive, but not 
exhaustive. Additionally, outcrops might expose liquefaction features for discovery, but 
the FSAR notes that outcrops are rare near the site except along the coast. Please 
reconcile the FSAR quotation with the possibilities of missed reports of liquefaction 
features and of unexposed liquefaction features. 
 
RAI. 2.5.1-31 
 
Figure 2.5-15 is unclear. The label on the “Extended Crust” section of the explanation 
does not specify an age, but the patterning appears to identify only Mesozoic extended 
crust. The three different shades of blue in the explanation do not appear to match the 
map. It is unclear whether “Age of crust” refers to the age of deformation, or to the age of 
the deformed rocks. The darkest blue shown under “Age of crust” corresponds to the map 
location of a 2–5 km thickness of folded, thrust-faulted Paleozoic rocks, but the 
underlying crust may be Proterozoic (Grenville) in age. The green area is Grenville and 
older rocks that were metamorphosed and intruded during the Grenville orogeny; 
probably they are all best characterized as Grenville in age. Please clarify or correct 
figure 2.5-15 and its explanation, and list the maps from which the figure was compiled 
or simplified. 
 
Section 2.5.2: Seismology 
 
RAI 2.5.2-1 
 
FSAR figure 2.5-45 interchanges the explanation labels for the Atlantic Coast and 
Central Virginia source zones. Please correct the figure. 
 
RAI 2.5.2-2 
 
FSAR table 2.5-2 listing updates to the EPRI catalog from 1985–2006 lists three events 
just west of Baltimore, MD that are listed with magnitudes of 3.3 to 3.5.  Two of the 
events are part of the Howard County, MD swarm of 1993 discussed at the end of section 
2.5.2.2.2 just before section 2.5.2.3.  The text indicates that the events of 1993/3/10 and 
1993/3/15 listed in table 2.5-2 have magnitudes of 2.5 and 2.7, not 3.3 and 3.5 as listed in 
the table.  Additionally the event of 1990/1/13 should have a magnitude of 2.5 instead of 
the 3.5 listed in table 2.5-2.  The USGS national seismic hazard mapping catalog for the 
CEUS (Mueller and others, 1997, 2002, 2008) confirms that the magnitude 2.5 and 2.7 
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values indicated above are the correct values.  Please correct table 2.5-2.  This may affect 
some figures showing seismicity in the region. If so, please provide corrected figures. 
 
RAI 2.5.2-3 
 
FSAR figures 2.5-78, 80, 82, 84 show amplification functions. In each case, the 
amplification functions decrease with frequency from about 10Hz to about 20Hz, bottom 
out, then increase with frequency above about 50Hz. 
 

(a) Please provide a physical mechanism to explain this increase at high frequency 
for the amplification function. 

 
(b) If the increase reflects a numerical artifact rather than a physical process, state 

the nature of the numerical artifact and explain why or why not the artifact should be 
removed and results recomputed. 
 
RAI 2.5.2-4 
 
FSAR 2.5.1 and 2.5.2 repeatedly state that there is no new evidence since EPRI 1986 for 
changing the distributions of Mmax in CEUS seismic zones.  Johnston and others, 1994 
is referred to as reporting the observation that Mmax in the Mw range of 7.0 to 7.5 has 
been observed worldwide in Mesozoic extended margins. An early version of Johnston’s 
findings was shared with the EPRI teams, and therefore it does not constitute post-EPRI 
information. The FSAR states that these Mmax values are within the general range of 
Mmax in the EPRI 1986 model and that a change in the EPRI 1986 model is not needed. 
 However, the FSAR does not discuss (1) post-EPRI work by Schulte and Mooney 
(2005, Geophysical Journal International, 161, 707–721), which includes post-EPRI 
earthquakes, (2) the impact of Johnston and others, 1994 on the EPRI teams’ distributions 
of Mmax, particularly for Mw > 7.0; (2) the post-EPRI Bayesian approach to estimating 
Mmax suggested by Johnston and others, 1994; or (3) the post-EPRI 2001 Bhuj, India 
Mw 7.6–7.7 earthquake in the context of it occurring in an analogous region to the CEUS 
and its compact source dimension (~40 km rupture length).  Such a compact source 
implies the possibility of Mw > 7.0 earthquakes throughout the CEUS despite low 
seismicity rates. 
 

(a) Please discuss this post-EPRI information and the impact it might have on 
EPRI 1986 Mmax distributions, particularly their shape (broader vs. more narrow). 
 

(b) Please implement any resulting changes to the EPRI 1986 Mmax distributions 
that affect the CCNPP site and recompute the hazard if needed. 
 
RAI 2.5.2-5 
 
FSAR sections 2.5.1.1.4.5.1 (pages 2.5-64 and 2.5-65) and 2.5.2.2.1.7 (pages 2.5-112 and 
2.5-113) discuss the Central Virginia seismic zone and give similar seismicity, tectonic, 
and paleoseismic arguments to conclude that there is no new information requiring 
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revision of  the EPRI 1986 Central Virginia seismic sources. The FSAR summarizes 
findings of a paleoliquefaction search of the seismic zone by Obermeier and McNulty 
(1998), which constitute post-EPRI  information. Obermeier and McNulty characterized 
the Holocene sediments of the zone as “moderately susceptible”. The search found two 
small liquefaction features of different apparent ages. The FSAR notes that the features 
could have been produced by earthquakes of M5–6. The FSAR summarizes Obermeier’s 
and McNulty’s conclusions about the absence of widespread paleoliquefaction, no M7 
earthquakes in the last 3,000–5,000 years, and M6 or 7 earthquakes not having been 
abundant in the seismic zone.  However, the two small liquefaction features could have 
been caused by earthquakes larger than M6 several kilometers away from the liquefied 
sites. Additionally, Munson and Obermeier, 1997, Seismological Research Letters 68, 
521–536 indicate the presence of 6,000 and 12,000 year old liquefaction features in the 
Wabash Valley from M~7 earthquakes.  Thus, large CEUS earthquakes can have 
recurrence intervals longer than the age of the liquefiable sediments in the Central 
Virginia seismic zone. 
 

(a) Please explain why the EPRI Mmax distributions should not be truncated to 
give zero weight to Mmax values smaller than M6, and the PSHA recomputed. 

 
(b) Please explain how the paleoliquefaction conclusions about earthquakes of the 

past 3,000–5,000 years constrain the likelihood of older large earthquakes. 
 
RAI 2.5.2-6 
 
FSAR 2.5.2.2.1.7 (p. 2.5-113) and 2.5.1.1.4.5.1. (p. 2.5-66) state that Chapman and 
Krimgold (1994) used Mmax of mb 7.25 for the Central Virginia seismic zone, and note 
that the estimate is “similar to” those of the EPRI teams. However, FSAR tables 2.5-3 
through 2.5-9 show that the weighted mean of the mb(max) values of the EPRI teams for 
the source zones including the site is mb 6.2. Additionally, the weighted mean of the 
teams’ probabilities that Mmax is Mw 7.0 (mb 6.9) or larger is 0.10. Please explain how 
the mb(max) values summarized by these weighted means are “similar to” the value of 
Chapman and Krimgold. 
 
RAI 2.5.2-7 
 
FSAR section 2.5.2.2.2 on page 2.5-126 in the sentence just before the subsection on 
Characterization of Lancaster Seismic Zone, please note the use of the word discredited 
instead of discretized.  This significantly affects the meaning of the sentence and should 
be changed. 
 
RAI 2.5.2-8 
 
FSAR 2.5.2.2.2.3 — The recurrence of New Madrid Seismic Zone (NMSZ) Mmax 
earthquakes is recognized as having changed (USGS, 2002) since the EPRI (1986) study. 
Still, there is no calculation of the contribution of that source to the hazard at the CCNPP 
site. Intensity observations due to the Dec. 16, 1811 earthquake rank MMI IV in the site 
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region. Based on Shake Map MMI IV suggests a PGA between 3.9 and 9.2 percent g.  
This is close to the 0.1g PGA associated with the SSE (see page 2.5-143).  Please include 
the NMSZ in the FSAR discussion and provide evidence for why the contribution to 
seismic hazard at the CCNPP site from the NMSZ is or is not significant enough to 
include in the hazard analysis in light of the above intensity observations and recent 
revisions to the national seismic hazard maps (USGS, 2002, 2008). 
 
RAI 2.5.2-9 
 
In the first sentences of 2.5.2.2.2.5 (page 2.5-116), the discussion relates to the Chapman 
2002 reference, which appears to be the SCDOT model, but then mention is made of the 
SCDOT model relative to the Chapman 2002 model. Please revise the discussion so that 
it is clear to the reader as to the relationship between these models. 
 
RAI 2.5.2-10 
 
FSAR 2.5.2.2.2.7 (p. 2.5-117 – 2.5-118) describes the small Charleston source zone 
named Geometry A as containing the source of the large 1886 Charleston earthquake, and 
as probably containing the source of the repeated large prehistoric Charleston 
earthquakes. The FSAR lists several kinds of evidence that favor assigning all the large 
earthquakes to Geometry A, including that the abundance of paleoliquefaction features is 
greatest in Geometry A. However, an abundance of small paleoliquefaction features 
might reflect high liquefaction potential or rupture directivity instead of the epicentral 
area of a large earthquake. In contrast, a cluster of large paleoliquefaction features is 
likely to form only at the epicenter of a large earthquake. 
 

(a) Please provide text or illustrations that show whether or not large liquefaction 
features are known only from the area of Geometry A.  

 
(b) Please also provide evidence, or a statement from Dr. S.P. Obermeier, that 

exposures of unliquefied liquefiable deposits are abundant enough inland from Geometry 
A, and are of the appropriate ages, to show that large prehistoric earthquakes did not 
occur inland of Geometry A since deposition of the deposits. 
 
RAI 2.5.2-11 
 
FSAR 2.5.2.2.2.7 discusses UCSS Maximum Magnitude on page 2.5-121 and, referring 
to the Charleston source, states “The EPRI Mmax estimates are more heavily weighted 
toward the lower magnitudes, with the upper bound magnitudes given relatively low 
weights by several ESTs (table 2.5-3 through table 2.5-8 [should be 2.5-4 through 2.5-
9])”. These weights do not appear to be in the referred tables. Please update the tables to 
include these weights for the Charleston source zone. 
 
RAI 2.5.2-12 
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FSAR 2.5.2.2.2.7, in the discussion of 2-sigma analysis of age events at the bottom of 
page 2.5-123, states “…by selecting the age range common to each of the samples. For 
example, an event defined by overlapping 2-sigma sample ages of 100–200 cal. yr. BP 
(before present) and 50–150 cal. yr. BP would have an event age of 50–150 cal. yr. BP.” 
Please make this 100–150 cal. yr. BP and make sure this error has not propagated through 
your analysis. 
 
RAI 2.5.2-13 
 
FSAR 2.5.2.2.2.7, in the discussion of 2-sigma analysis of age events at the bottom of 
page 2.5-124, states “For example, the UCSS considers it unlikely that M 6.7 to M 7.5 
events have occurred on a Charleston source at an average repeat time of about 500 to 
600 years (Talwani, 2001) throughout the Holocene Epoch. Such a moment release rate 
would likely produce tectonic landforms with clear geomorphic expression, such as are 
present in regions of the world with comparably high rates of moderate to large 
earthquakes (for example, faults in the Eastern California shear zone with sub-millimeter 
per year slip rates and recurrence intervals on the order of about 5000 years have clear 
geomorphic expression (SSA, 2000).”   This argument does not account for the 
significant difference in climate between Eastern California and the Charleston, SC area, 
nor does it provide evidence from other nonsubduction, dominantly strike-slip examples 
under similar climatic conditions in which high slip rates are present with and without 
strong geomorphic expression. Please review and revise this argument, taking into 
account climatic differences in cited examples and reviewing the evidence for high 
seismic rates of large earthquakes in regions of little or no strike-slip related geomorphic 
expression worldwide. 
 
RAI 2.5.2-14 
 
FSAR 2.5.2.2.2.7, in the discussion of Recurrence Rates on page 2.5-125, includes in the 
source model a weighting of both short and long recurrence intervals having 0.8 and 0.2 
respectively. Please justify your weighting, keeping in mind that without substantial 
modeling efforts, justifying the use of a longer recurrence interval may be difficult. 
 
RAI 2.5.2-15 
 
FSAR 2.5.2.2.2.7, in the discussion of Recurrence Rates on page 2.5-125, discusses 
lognormal recurrence distributions and shape factors. Using a time-dependent probability 
distribution with small shape factors for these sources will severely reduce the hazard in 
this case. Using recurrence distributions with narrow shape factors, even in a Poisson 
hazard calculation, requires substantially more justification for the choice of probability 
distribution and shape factors (including lognormal distributions with shape factors 
[lognormal standard deviations] less than 0.5 based on worldwide observations). Please 
review your discussion considering that there is not nearly enough data to be conclusive 
about the distribution and shape factors for the case of the Charleston source zone. 
 
RAI 2.5.2-16 
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FSAR 2.5.2.4.1 — On page 2.5-129 it states “For amplitudes corresponding to annual 
exceedance frequencies in the range 10-4 to 10-6, the 2006 calculations replicate the 1989 
EPRI results (EPRI, 1989a) to an accuracy that is in the range of 3 percent to 12 percent, 
with the 2006 calculations indicating slightly higher hazard. This is acceptable 
agreement, given that independent software was used to perform these calculations.”  
 

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

 
(b)  Discuss the possible sources of this 3 to 12 percent difference just due to 

software. 
 
(c) Specify the uncertainty in the 2006 UHRS for hard rock. Is the uncertainty 

large enough to make a 12 percent difference just due to software negligible? 
 
RAI 2.5.2-17 
 
FSAR 2.5.2.4.3 (p. 2.5-130) asserts that “no new scientific information has been 
published that would lead to a change in the EPRI … assessment of maximum 
magnitude.” The cited section 2.5.2.2 does not mention the post-EPRI USGS values of 
Mmax. The 1996 USGS value was based on the compilation of Johnston and others 
(1994). The EPRI teams had an early version of the compilation, so by itself the 
compilation does not constitute new post-EPRI information. 

However, in 1996 and 2002, the USGS national seismic-hazard maps used the 
global compilation as the sole basis for assigning Mmax = 7.5 to a broad background 
zone that includes the site. The 2008 maps added a distribution around M7.5 with low 
weights assigned to M7.1 and M7.7. In contrast, the weighted mean of the EPRI teams’ 
Mmax estimates for the site is mb 6.1 (M 5.8). The mean weight that the teams assigned 
to Mmax values of M7.5 or larger (mb 7.2 or larger) is 0.04. Only two teams used Mmax 
distributions that overlap the lower end of the USGS distribution (M7.1), and then only 
with low weights. Thus, the EPRI and USGS Mmax values for the site are neither 
consistent nor compatible, even though the extreme upper tail of the EPRI distribution 
reaches the USGS values. The USGS values have been vetted in community-wide 
workshops in 2000 and 2006, and against external Advisory Panels of informed experts. 
Please explain why this post-EPRI difference of USGS informed opinion, which has 
persisted for more than a decade of continued study of Mmax, does not constitute new 
information that would require updating the EPRI PSHA. 
 
RAI 2.5.2-18 
 
FSAR 2.5.2.4.6 — On page 2.5-133 it states “Use of all distances in the calculation of 
mean magnitude and distance controlling earthquake values of M=5.5 and R=97 for the 
10-4 event. It is clear from the total deaggregation results (see figure 2.5-67 of the FSAR) 
that this is not the distance of the earthquake controlling high frequency motions. Use of 
the alternative method leads to the same mean magnitude but to the closer distance, R, of 
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35 km, in better agreement with the deaggregation results (again, as shown in the 
figure).”  Figure 2.5-91 shows that the mean seismic hazard (at 10-4) by source for the 
Rondout team at 10Hz is dominated by the CVSZ (RND-29). This Rondout source zone 
is 89 km from the CCNPP site (76–100 km depending on whose definition of the zone is 
used). 
 

(a) Values of M=5.5 and R=97 fit well with a source in the CVSZ. Given that 
figure 2.5-91 shows the CVSZ clearly controls high frequency motions, please reassess 
using the procedure specified in Regulatory Guide 1.208 (NRC, 2007a), Appendix D. 
 

(b) On page 2.5-134, it states “local sources, particularly the central Virginia 
seismic zone, tend to dominate the hazard, particularly for high frequency ground 
motions (10 Hz)” in reference to figure 2.5-91. Yet, figure 2.5-67 does not show a 
dominant contribution to high frequency motions from earthquakes in the distance range 
of the CVSZ, 76–100 km. Please reconcile this apparent conflict.  
 

(c) Which source zone (from which team) actually dominates the large 
contribution to hazard at M 5.0–5.5 and R 10–20 km shown in figure 2.5-67? Provide a 
figure like figure 2.5-91 showing the relative contribution to the hazard of the sources 
from that team. 
 
RAI 2.5.2-19 
 
In section 2.5.2.5.2.1 at the bottom of page 2.5-135, the value in the statement “The upper 
400± ft (122 m) of the site…” appears to be missing its uncertainty. Please either include 
it or specify the range. 
 
RAI 2.5.2-20 
 
In section 2.5.2.5.1.5 at the bottom of page 2.5-139, the FSAR uses a stress drop of 120 
bars. Please justify this choice of stress drop. For example, the current update of the 
USGS National Seismic Hazard Maps for sources in the central and eastern U.S. 
considers equal weighting of 140 and 200 bar stress drops for the Atkinson and Boore 
(2006) ground motion model. 
 
RAI 2.5.2-21 
 
FSAR tables 2.5-4 through 2.5-9 summarize the models of the six teams of EPRI, 1986.  
Listed in each table is the Pa or probability of activity for each source, including those of 
the Central Virginia seismic zone (0.35 – Bechtel, 1.0 – Dames and Moore, 0.43 – Law, 
1.0 – Rondout, 0.82 – Weston, and 0.434–0.474 – Woodward-Clyde). 
 

(a) Please explain the meaning and impact on hazard of “probability of activity” 
in these tables. 
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(b) Please review the continued seismic activity in the Central Virginia seismic 
zone (CVSZ) since the EPRI, 1986 study and the occurrence of the 9 December 2003 
M4.3 central Virginia earthquake (Kim and Chapman, 2005, BSSA) as to the 
seismogenic character of the CVSZ and as new (post-EPRI, 1986) evidence for hazard 
modeling. 

 
(c) Please revisit the EPRI, 1986 Pa values in light of the above and make any 

needed changes to the hazard model and PSHA.  Include in this discussion why or why 
not these CVSZ Pa values should be adjusted to all being 1.0 given the seismogenic 
nature of the CVSZ. 
 
RAI 2.5.2-22 
 
The FSAR is not the first hazard study at the CCNPP site. Please provide a figure 
comparing the hard rock response spectra at annual probabilities of 10-4 and 10-5 from 
this FSAR to those found in the original CCNPP licensing study and any subsequent 
CCNPP studies.  Also please discuss the source of differences, if any, among these 
studies. 
 
Section 2.5.3: Surface Faulting 
 
RAI 2.5.3-1 
 
FSAR 2.5.3.1 (p. 2.5-153 – 2.5-154) summarizes the field, aerial, and office 
investigations that were performed within 40 km of the site, largely to detect surface 
rupture. However, in the humid region east of approximately 100°W, large earthquakes 
tend not to rupture the surface, but to produce liquefaction features instead. Thus, most 
humid-East paleoseismology consists of thorough, detailed searches for liquefaction 
features throughout large areas. The FSAR makes no mention of any such thorough 
liquefaction survey throughout the site vicinity (40 km around the site). Please explain 
whether such a survey was performed, and what it found or why it was not performed. 
 
RAI 2.5.3-2 
 
FSAR 2.5.3.1 (p. 2.5-154) mentions examination of aerial photographs, LiDAR imagery, 
and satellite imagery for evidence of surface faulting. Please explain whether any of these 
image types could detect liquefaction features, and whether they were examined for the 
entire site vicinity (within 40 km of the site). 
 
RAI 2.5.3-3 
 
FSAR 2.5.3.1 (p. 2.5-154) describes field reconnaissance of the site and site vicinity and 
how the geologists recorded their findings and field locations. However, the extent of the 
fieldwork is unclear. Please report approximately the number of geologist-days that were 
spent in the field, and estimate roughly the number of road or other exposures that were 
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examined and their geographic distribution. Was the fieldwork done when vegetation was 
leafless, streams were low, or both? 
 
RAI 2.5.3-4 
 
FSAR 2.5.3.2.2  (p. 2.5-159) refers to an east-facing monocline 3.2 km east of the site 
reported by McCartan and others (1995) and states, “If the feature does exist, the 
Miocene St. Marys Formation is not depicted (USGS, 1995) to be deformed. Therefore, 
the inferred monoclines (USGS, 1995) are older than Late Miocene in age and do not 
represent a surface-fault rupture or deformation hazard at the CCNPP site.” Figure 2.5-40 
shows that the St. Marys Formation has been removed by erosion at the location of the 
monocline, so that it is not continuous enough to determine it is unfolded. Please 
reconcile the quotation with what USGS (1995) does and does not show, and explain the 
hazard consequences if the monocline were to be younger than Miocene. 
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JCN No. Q–4151 
Task Order No. 6, Review of the Calvert Cliffs Application for Combined Operating 

License in the Areas Relating to Geology and Seismology 
TAC No. RX0105 
UniStar Nuclear 
 
USGS Trip Report on Site Audit of Calvert Cliffs, Maryland site, Submitted July 8,  
2009 
 
By Russell L. Wheeler (USGS), Randel T. Cox (University of Memphis), Stephen 
Horton (University of Memphis), and Oliver Boyd (USGS) 
________________________________________________________________________ 
 

This letter report summarizes participation of the U.S. Geological Survey (USGS) 
in the Calvert Cliffs, Maryland site audit on February 23–26, 2009. USGS participants 
were staff of its Geologic Hazards Team (GHT) and of USGS’s subcontractor, the  
University of Memphis. UniStar Nuclear has applied to the U.S. Nuclear Regulatory 
Commission (NRC) for authorization to add one new nuclear power reactor (Unit 3) to 
the two operating reactors (Units 1 and 2) at the site. The site is on the southwest shore of 
Chesapeake Bay. Discussions covered USGS and NRC Requests for Additional 
Information (RAIs) and possible responses by the applicant for the application’s sections 
2.5.1 (Basic Geologic and Seismic Information), 2.5.2 (Vibratory Ground Motion), 2.5.3 
(Surface Faulting), and 2.5.4 (Stability of Subsurface Materials and Foundations). NRC 
does not ask the GHT or its subcontractor to review section 2.5.4. Accordingly, only 
minimal mention will be made of section 2.5.4, and its geotechnical specialists are not 
included in the “Selected List of Attendees” that follows. 
 

*************************** 
 

Summary 
 

 Discussions clarified several RAIs for the applicant and strengthened the planned 
responses to other RAIs. Tuesday, February 24, was spent examining field relations 
around a suggested young fault 2 km southeast of the planned site of Unit 3. Wednesday 
was devoted to indoor discussions. 
 

 
Selected List of Attendees 

 
UniStar Nuclear: 
 William Lettis & Associates: J. Baldwin, R. Givler (geology) 
 Bechtel Power Corporation: D. Fenster (geology) 
 Risk Engineering: R. McGuire, G. Toro (seismology) 
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Nuclear Regulatory Commission: S. Gonzalez (seismology), R. Karas (branch chief), J. 
Rycyna (project manager), A. Stieve (geology) 
 U.S. Geological Survey: O. Boyd (seismology), R. Wheeler (geology) 

University of Memphis: R. Cox (geology), S. Horton (seismology) 
 

Simplified Agenda with Notes 
 
Tuesday, February 24, 2009: 
 

Morning: 
 

Suggested faulting at Moran Landing: 
 

Kidwell (1997) measured 98 stratigraphic sections along approximately 40 km of 
the coastal Calvert Cliffs. The cliffs are nearly vertical, 25–40 m high, and dissected by 
several gaps where streams enter Chesapeake Bay. The cliffs expose Early to Middle 
Miocene marine strata that are overlain by the shallow marine and coastal Late Miocene 
St. Marys Formation. Nearly all of these Miocene strata are made of sands, silts, and 
clays. The Miocene units are bounded and divided by unconformities that Kidwell was 
able to correlate throughout the length of the Calvert Cliffs. The tops of the cliffs crosscut 
and expose post-Miocene, probably Pleistocene channels that are filled with coarse 
fluvial and tidal sediments, including some gravels (Kidwell, 1997). 
 
 Kidwell reported that dips of the exposed Miocene Calvert, Choptank, and St. 
Marys Formations are less than 1° to the southeast. Kidwell’s figures 2 and 4 show that 
throughout the Calvert Cliffs the unconformities and the strata that they bound are gently 
folded. Fold amplitudes are generally less than 10 m and fold wavelengths generally 
exceed 1 km. Two kilometers south of the planned site of Unit 3, the cliffs are interrupted 
by a stream valley about one-half kilometer wide that forms a gap in the cliffs at Moran 
Landing. Most of the stratigraphic section that is exposed on both sides of the gap is the 
St. Marys Formation. Kidwell’s figures 2 and 4 show that the general southeastern dip is 
reversed across the gap. The basal unconformity of the St. Marys Formation and the three 
higher unconformities within the St. Marys are all 1–2 m lower on the north side of the 
gap than on the south side, as measured on an enlarged version of Kidwell’s figure 4. The 
northward lowering and its persistence throughout the St. Marys Formation led Kidwell 
(p. 324) to suggest the existence of post-Miocene faulting at the gap. 
 

RAI on the possible faulting: 
 
 The application (Final Safety Analysis Report, or FSAR) attributed the northward 
lowering to channeling and irregular erosion surfaces. RAI 02.05.01–27 questions this 
explanation as follows.  
 
 “FSAR Section 2.5.1.2.4 refers to elevation differences across a postulated fault 
within 2 km of the site (Kidwell, 1997). The applicant stated: ‘…these can be readily 
explained by channeling and highly irregular erosional surfaces. Field and aerial 
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reconnaissance, coupled with interpretation of aerial photography and LiDAR data 
(Section 2.5.3.1 for additional information regarding the general methodology) conducted 
as part of this CCNPP Unit 3 study revealed no features suggestive of tectonic 
deformation developed in the surrounding Pliocene and Quaternary surfaces.’ 

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

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

 
Field observations and interpretations — kinks and joints: 
 
We spent the first part of the morning examining the cliffs north and south of 

Moran Landing and walking along the straight stream mentioned in the RAI. Most of the 
materials exposed in the cliffs are soft, but at least one bed partway up the cliffs is hard, 
cemented sand about one-half meter thick. We saw few, if any, erosional surfaces that are 
irregular enough, or channels that are large enough, to explain the 1–2 m northward 
lowering that occurs across the gap at Moran Landing. 

 
Kidwell’s figure 4 suggests an alternative explanation for the lowering that does 

not involve faulting. The figure is a detailed drawing of bed dips, unconformities, and 
correlated beds along a 6–7 km stretch of the coast that is centered on Moran Landing. 
(The horizontal scale bar in figure 4 is erroneously short. Horizontal distances given later 
were estimated from figure 2.) Figure 4 shows two south-facing monoclines that are 
exposed in the cliffs roughly 1 and 2 km south of the Moran Landing gap. The 
monoclines are better termed kinks because their hinges are narrow and their steep limbs 
are planar. The two kinks affect the lower part of the St. Marys Formation and its lowest 
three unconformities. The kinks are about half as wide as the gap at Moran Landing, and 
their structural relief is 2–3 m, similar to the northward lowering across the Moran 
Landing gap. Note that the lowering across the gap need not occupy the entire width of 
the gap. Thus, if the lowering across the gap is the result of an unexposed third kink that 
occupies only part of the gap, the main difference between it and the two exposed kinks 
would be that the unexposed one faces north instead of south. 

 
The cliffs near the gap expose two approximately perpendicular sets of vertical 

systematic joints. The larger joints strike northwest, parallel to the cliff faces. One 
especially well-exposed joint face shows twist hackle (Kulander and others, 1990), which 
demonstrates that the joint formed in extension with negligible shear, as a Mode I crack 
(Neuendorf and others, 2005). The joints are up to 10 m tall and several times as long. 
They appear to be a mechanism by which the cliffs collapse as they are undercut by 
waves. We concluded that the larger joints are probably release joints that are surficial in 
origin. In contrast, the smaller joints strike northeast, approximately perpendicular to the 
larger joints and the cliff faces. Because of the high angle between the northeast-striking 



 4

joints and the cliff faces, we could not tell whether the northeast-striking joints bear twist 
hackle or other indications of a Mode I origin. However, the sizes, parallelism, and 
spacings of the northeast-striking joints and their confinement to individual beds in some 
parts of the cliff together are more reminiscent of Mode I cracks than of faults. In one 
area the cliff face consists of a single large cliff-parallel joint that is intersected by several 
northeast-striking joints. At one of the intersections, the cliff-parallel joint abuts against 
the northeast-striking joint. If the northeast-striking joints are Mode I cracks, then the 
abutting relation demonstrates that the cliff-parallel joint is the younger (Kulander and 
others, 1979, especially figure 49). These limited observations suggest that the northeast-
striking joints may have formed first, perhaps before the cliff face had been eroded back 
to its present location. 

 
The northeast-striking joints are most abundant in a stiff clay bed 2–4 m thick. 

The joints span the clay bed and have spacings similar to the thickness of the clay bed. 
The northeast-striking joints appear to be more closely spaced near the Moran Landing 
gap than away from it, although we did not measure any spacings to test this impression. 

 
If there is an unexposed kink within the Moran Landing gap, kinking would have 

involved rotation of the steep limb from the original, nearly zero dip to a slightly greater 
dip of several degrees. The steep limb would have been extended slightly parallel to 
bedding, perhaps forming northeast-striking joints as Mode I cracks. The local stress field 
produced by the kinking would have extended outside the kink itself, perhaps producing 
additional northeast-striking joints that are more closely spaced near the kink. The 
kinking would have preceded erosional exposure of the present-day cliff faces and 
formation of the observed cliff-parallel joints. However, others have described joint 
spacings that decrease toward faults. Therefore, early formation of the northeast-striking 
joints and smaller joint spacings near the Moran Landing gap could also result from 
faulting within the gap. 

 
Field observations and interpretations — the straight stream: 
 
The straight stream is the southeastern of two tributaries that merge to form the 

stream that flows into the gap at Moran Landing (FSAR figure 2.5–32). The stream is 
about one kilometer long and trends northeast, toward and approximately parallel to the 
northeast-striking joints that we saw on the north side of the Moran Landing gap. As we 
walked up the straight stream through an open forest, we noticed that the stream flows in 
a small valley about a meter deep and about 10 m wide, with a flat floor into which the 
stream is slightly incised. At one place we found two loose blocks of cemented sand. The 
blocks are 0.5–1.0 m wide and roughly half that thick. We saw no other large float or 
outcrops along the straight stream and there are no steep slopes close to the stream. Thus, 
the two blocks are unlikely to have moved more than a few meters from their source in 
bedrock. 

 
Perhaps the northeast striking joints continue into the cliffs as far inland as the 

straight stream extends, and perhaps the two large float blocks are the hard cemented 
sand that we saw in the cliff face or another similar bed. We speculate that a resistant 
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cemented sand bed close to the ground surface slows downward erosion, except where 
northeast-striking joints are closely-spaced enough to concentrate erosional removal of 
the resistant bed. If so, then perhaps a zone of northeast-striking joints produced the 
straight stream valley. As noted earlier, such a joint zone could be produced by either an 
unexposed kink or an unexposed fault within the gap at Moran Landing. 

 
Conclusions: 
 
Properties of the joints, presence of large blocks of cemented sand in the straight 

stream valley, and detailed geomorphology of the valley are all consistent with either an 
unexposed kink or an unexposed fault in the gap at Moran Landing. Either structure 
could have produced the northward lowering of the St. Marys Formation across the gap. 
Kidwell’s observations of two nearby kinks and her and our lack of observations of any 
nearby faults makes a kink the more likely cause of the lowering. 

 
Afternoon: 
 
We visited a water-monitoring well at the center of the planned reactor for Unit 3. 

The applicant explained the geotechnical drilling and monitoring program whose results 
will be used in construction. 

 
The applicant led us out along the boat dock east of Units 1 and 2. From there we 

obtained a synoptic view of approximately 1 km of cliff face, the stratigraphy of the 
exposed units, and gentle folds and unconformities. From the base of the boat dock, we 
walked up a deep, narrow stream incision that exposed aspects of the stratigraphic 
sequence. From bottom to top, we were shown (1) a distinctively shell-rich marker 
horizon immediately beneath the St. Marys Formation, (2) three cemented sands a few 
feet apart stratigraphically within the St. Marys Formation, and, atop a hill, (3) sand with 
some gravel of the post-Miocene deposits. 
 
Wednesday, February 25, 2009: 
 

Before the site audit NRC and USGS submitted 32 geology RAIs and 14 
seismology RAIs to the applicant. Most of the RAIs were straightforward or required 
little or no clarification during the audit. These were discussed briefly or not at all. 

 
This report deals with RAIs that were discussed at some length. Most of the 

fieldwork on Tuesday had been devoted to RAI 2.5.1–27. RAIs for section 2.5.3 had been 
moved into the end of section 2.5.1 before submittal to the applicant. Below, unindented 
paragraphs in quotation marks are parts of RAIs, whereas indented paragraphs without 
quotation marks are our notes. 

 
Selected geology RAIs and notes on them: 
 
02.05.01–18: 
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“FSAR Section 2.5.1.1.4.4.4.5 states, ‘Based on seismic reflection data, collected about 9 
mi (15 km) west-southwest of the site, the [Hillville] fault zone consists of a narrow zone 
of discontinuities that vertically separate basement by as much as 250 ft (76 m) (Hansen, 
1978).’  In FSAR figure 2.5–27 seismic line St M–1 is located across the Hillville fault.  
Please provide the seismic line St M–1 for inspection and the Hansen (1978) profile, if 
different.  Was the Hillville fault seen in any Chesapeake Bay marine data?” 
 
 We examined a paper plot of St M–1. The applicant explained that St M–1 and 
the profile of Hansen are the same. Collection of the seismic-reflection data was designed 
to image the top of basement at approximately 0.7s two-way travel time. The resolution 
of the printed plot is too poor to determine whether the offset continues upward into the 
Tertiary section. If the data are in digital form or can be digitized, then reprocessing may 
clarify reflectors in the Tertiary section. As far as the applicant knows, Hansen’s data 
have not been located and reprocessed. The applicant reported that the Hillville fault 
projects into an exposed cliff within the study area of Kidwell (1997) approximately 1 km 
southeast of Governor Run (FSAR figure 2.5–26; Kidwell’s figure 2). Kidwell showed 
the same degree of detail in the measured sections there as near the site of Unit 3. She 
was aware of the possibility of faults, but she did not mention any faults near the 
projection of the Hillville fault. 
 

02.05.01–26: 
 
“FSAR Section 2.5.1.2.4 suggests that no basin-related fault or faulting is known directly 
beneath the site area. FSAR figure 2.5–10 summarizes mapping that indicates that a 
border fault on the northwestern side of the Taylorsville basin crops out about 50 km 
northwest of the site, and that the border fault on the northwestern side of the postulated 
Queen Anne basin crops out 10–15 km northwest of the site. Both faults dip 
southeastward under their basins. Such master faults are generally assumed to flatten 
downward. Furthermore, the normal faulting that formed the basins requires that the 
entire hanging-wall block and all upper crust southeast of it must slip southeastward on a 
Mesozoic detachment fault. Please evaluate whether or not the border fault of either basin 
is likely to extend beneath the site and what the implications for hazard might be. Please 
provide further discussion about the presence of a Mesozoic basin directly beneath the 
site.” 
 
 The applicant explained that the FSAR uses two maps of Mesozoic basins, one 
published by Benson in 1992 and the other by Withjack and others in 1998. Both maps 
show basin-bounding faults. Benson inferred the presence of a basin from aeromagnetic, 
gravity, well, and seismic-reflection data. His map shows faults on at least one border of 
most basins. Withjack and others mentioned outcrop, well, and especially seismic-
reflection data, together with other kinds of information that constrain ages instead of the 
presence of faults. Their maps show faults on at least one border of nearly all basins. 
Benson interpreted a Mesozoic basin under the site; Withjack and others did not. The 
applicant observed that there does not appear to be a consensus on how to combine the 
different data types to determine whether or not a Mesozoic basin is present. Some 
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EPRI–SOG teams interpreted a basin near or under the site. Thus, there is uncertainty as 
to whether there is a Mesozoic basin or a basin-bounding fault under the site. 
  

02.05.01–32: 
 
“FSAR Section 2.5.3.2.2 refers to an east-facing monocline 3.2 km east of the site 
reported by McCartan et al. (1995) and states ‘If the feature does exist, the Miocene St. 
Marys Formation is not depicted (USGS, 1995) to be deformed. Therefore, the inferred 
monoclines (USGS, 1995) are older than Late Miocene in age and do not represent a 
surface-fault rupture or deformation hazard at the CCNPP site.’ FSAR figure 2.5–40 
shows that the St. Marys Formation has been removed by erosion at the location of the 
monocline, so that it is not continuous enough to determine it is unfolded. Please 
reconcile the quotation with what USGS (1995) does and does not show. Explain the 
hazard consequences if the monocline were to be younger than Miocene.” 
 
 The applicant explained that the undeformed unit was erroneously stated to be the 
St. Marys Formation, but that it is the underlying Choptank Formation. However, figure 
2.5–40 shows that the Choptank is also not preserved widely enough to constrain the age 
of the monoclines. 
 

McCartan and others (1995) show five cross sections, of which their section A–A' 
is shown in FSAR figure 2.5–40. Section A–A' was drawn to show two east-facing 
monoclines. Farther southeast, section E–E' was drawn to show one monocline, which 
may be the southward continuation of the eastern monocline on A–A'. Control of the 
cross sections by well logs is sparse, particularly near the inferred monoclines. No logged 
wells are shown to penetrate the monoclines themselves. The applicant explained that the 
data from the two wells can also be honored with an alternative interpretation that omits 
the monoclines and shows all units thickening smoothly seaward. The alternative 
interpretation is consistent with our examination of the five cross sections. The 
monoclines appear to be an interpretation that is allowed by the well data but not required 
by them. 
 
 McCartan and others (p. 4 and p. 8–9) noted that geomorphology and subsurface 
thickness changes around Chesapeake Bay indicate alternating uplifts and downwarps of 
the west side of the bay with respect to the east side. They conclude that these changes 
“require significant episodic tectonic movement” (p. 9). However, no evidence is 
provided as to why these vertical relative movements would have been restricted to such 
narrow zones as the monoclines. 
 
 Additionally, USGS pointed out that the structure contour map of FSAR figure 
2.5–14 rules out the presence of monoclines with significant structural relief. The 
structure contour map is from a publication two years more recent than that of McCartan 
and others (1995). The structure contour map is drawn atop the Early Eocene Nanjemoy 
Formation. The map uses a contour interval of 50 ft. Although the suggested monoclines 
are in the easternmost part of the contoured area, well control there is sufficient to require 
the structure contours to trend northeast approximately 6–12 km apart much as they do in 
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the rest of the map area. In contrast, the monoclines as drawn by McCartan and others are 
2–4 km wide and have structural relief at the Nanjemoy level of approximately 100 m. 
The expressions of the monoclines on the structure contour map would be a closely 
spaced group of about six parallel contours. The well data of the contour map do not 
allow such a pattern. Thus, if the monoclines exist at all, they have structural relief less 
than 50 ft. 
 
 In conclusion, apparently the monoclines are much smaller than drawn by 
McCartan and others, and they may not exist at all. We know of no data that require their 
existence. Accordingly, questions of their age are moot. 
 
 Selected seismology RAIs and notes on them: 
 

02.05.02–5: 
 
“FSAR Section 2.5.2.2.2.3 discusses post-EPRI seismic source characterization studies 
including the USGS (2002) model.  The recurrence of New Madrid Seismic Zone 
(NMSZ) Mmax earthquakes is recognized as having changed (USGS, 2002) since the 
EPRI (1986) study.  However, there is no calculation of the contribution of the NMSZ to 
the hazard at the CCNPP site.  Intensity observations due to the Dec. 16, 1811 earthquake 
rank MMI IV in the site region.  Shake Map MMI IV suggests a PGA between 3.9 and 
9.2% g.  This is close to the 0.1g PGA associated with the GMRS (refer to FSAR page 
2.5–143).  Please discuss the significance of the NMSZ at the CCNPP site and provide 
justification for not including this source zone in the seismic hazard analysis in light of 
the above intensity observations and recent revisions to the national seismic hazard maps 
(USGS, 2002, 2008).” 
 
 The applicant explained that the New Madrid Seismic Zone is approximately 
1,300 km from the site but EPRI ground-motion equations extend out to distances of only 
1,000 km. The applicant also stated that at large distances intensities are produced less by 
high frequencies and more by low frequencies. Therefore, peak ground acceleration 
(PGA) would be lower than the 3.9–9.2 percent suggested in the RAI. The USGS 
requested that the applicant provide a reference for the work on which the statement was 
based. 
 
 USGS pointed out that the intensity was still IV, even if the frequency were 1 Hz 
instead of 10 Hz. Doesn’t this mean that the New Madrid Seismic Zone should be 
included in the source model for the site? 
 
 The applicant responded that, for most of the ground-motion equations that were 
used in the analysis of the FSAR, the 1–Hz ground motion predicted at 1,000 km is less 
than 0.01 g. Two of the EPRI equations that predict larger ground motions were 
discounted by the applicant because they lack a Q term. The applicant pointed out that the 
two equations are unrealistic at large distances because Q becomes significant at 
distances of approximately 1,000 km and greater. 
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02.05.02–7 
 
“In FSAR Section 2.5.2.2.2.7 (page 2.5–123), the applicant discussed the 2–sigma 
analysis of event ages performed for the updated Charleston seismic source model and 
stated the following:  ‘Event ages have then been defined by selecting the age range 
common to each of the samples.  For example, an event defined by overlapping 2–sigma 
sample ages of 100–200 cal. yr. BP (before present) and 50–150 cal. yr. BP would have 
an event age of 50–150 cal. yr. BP.’  Please clarify if the resulting event age of 50–150 
cal. yr. BP is an error and instead should be 100–150 cal. yr. BP.  Please also explain 
whether or not this error has been propagated through subsequent analyses.” 
 

The applicant confirmed that this was a typographical error and had not 
propagated into the analysis. 
 

02.05.02–8 
 

“FSAR Section 2.5.2.4.1 (page 2.5–129) states: ‘For amplitudes corresponding to annual 
exceedance frequencies in the range 10-4 to 10-6, the 2006 calculations replicate the 1989 
EPRI results (EPRI, 1989a) to an accuracy that is in the range of 3 percent to 12 percent, 
with the 2006 calculations indicating slightly higher hazard.  This is acceptable 
agreement, given that independent software was used to perform these calculations.’ (a) 
Provide the basis for concluding that a 12% disagreement just due to software is 
acceptable. (b) Discuss the possible sources of this 3 to 12% difference due to the use of 
independent software to perform the hazard calculations.” 
 

The applicant stated that calculated hazard was greater than that calculated with 
the original EPRI codes and that the difference was due to unstated assumptions in the 
original code. The applicant felt that significant effort would be required to reconcile the 
difference. 
 

02.05.02–9 
 
“FSAR Section 2.5.2.4.6 (page 2.5–133) states the following: ‘Use of all distances in the 
calculation of mean magnitude and distance’ produces ‘controlling earthquake values of 
M=5.5 and R=97 for the 10-4 event.  It is clear from the total deaggregation results (see 
figure 2.5–67 of the FSAR) that this is not the distance of the earthquake controlling high 
frequency motions. Use of the alternative method leads to the same mean magnitude but 
to the closer distance, R, of 35 km, in better agreement with the deaggregation results 
(again, as shown in the figure).’ FSAR figure 2.5–91 shows that the mean seismic hazard 
(at 10-4) by source for the Rondout team at 10Hz is dominated by the Central Virginia 
seismic zone (CVSZ), which is denoted RND–29. This Rondout source zone is 89km 
from the CCNPP site. (a) Using the procedure specified in Appendix D to RG 1.208, the 
applicant obtained values of M=5.5 and R=97, which fit well with a source in the CVSZ.  
Given that FSAR figure 2.5–91 shows the CVSZ clearly controls high frequency 
motions, please justify the use of the alternative method. (b) On page 2.5–134 of the 
FSAR, in reference to figure 2.5–9, the applicant stated that “... local sources, particularly 



 10

the central Virginia seismic zone, tend to dominate the hazard, particularly for high 
frequency ground motions (10 Hz)”.  However, FSAR figure 2.5–67 does not show a 
dominant contribution to high frequency motions from earthquakes in the distance range 
of the CVSZ (i.e. 76–100km). Please reconcile this apparent conflict. (c) Which source 
zone (from which team) actually dominates the large contribution to the hazard at M 5.0–
5.5 and R 10–20km shown in FSAR figure 2.5–67?  Please provide a figure like FSAR 
figure 2.5–91, which shows the relative contribution to the hazard of the sources from 
that team.” 
 

The applicant stated that figure 2.5–91 does not well represent the range of 
models used in the PSHA. Further, the Bechtel model has a source zone very near the 
CCNPP site. The applicant showed a figure of the mean seismic hazard for the Bechtel 
model to support their deaggregation result. 
 

02.05.02–10 
 
“FSAR figures 2.5–78, 2.5–80, 2.5–82, and 2.5–84 show amplification functions 
resulting from the applicant’s site response analysis. In each case, the amplification 
functions decrease with frequency from about 10Hz to about 20Hz, bottom out, then 
increase with frequency above about 50Hz. (a) Please provide a physical mechanism to 
explain this increase at high frequency for the amplification function. (b) If the increase 
reflects a numerical artifact rather than a physical process, state the nature of the 
numerical artifact and explain why or why not the artifact should be removed and results 
recomputed.” 

 
The applicant stated the increasing values of the site response function at high 

frequencies above 50Hz result from the use of pseudo-response spectra instead of Fourier 
spectra. Specifically the pseudo-response spectra saturate for frequencies beyond fmax 
(acceleration spectra fall off beyond fmax) because of lack of energy. The use of the 
pseudo-response spectra is a standard engineering practice. The increased site response 
function at high frequencies is a very conservative estimate. 
 

02.05.02–12 
 
“In FSAR Section 2.5.2.5.1.5 (page 2.5–139), the applicant stated that it used a stress 
drop of 120 bars.  Please justify this choice of stress drop.  For example, the current 
update of the USGS National Seismic Hazard Maps for sources in the central and eastern 
US considers equal weighting of 140 and 200 bar stress drops for the Atkinson and Boore 
(2006) ground motion model.” 
 

The applicant provided additional information about the choice of stress drop in 
other attenuation models, for example, 120 bars for Toro and others (1997). They went 
on to explain that the hazard results are relatively insensitive to the choice of stress drop. 
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