Dominion Nuclear North Anna, LLC .
5000 Dominion Boulevard, Glen Allen, VA 23060

July 8, 2004

U. S. Nuclear Regulatory Commission Serial No. 04-270
Attention: Document Control Desk ESP/JDH
Washington, D.C. 20555 Docket No. 52-008

DOMINION NUCLEAR NORTH ANNA, LLC
NORTH ANNA EARLY SITE PERMIT APPLICATION
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION NO. 3

In its April 15, 2004 letter titled “Request for Additional Information Letter No. 3,” the
NRC requested additional information regarding certain aspects of Dominion Nuclear
North Anna, LLC’s (Dominion) Early Site Permit application. This letter contains our
responses to the following requests for additional information:

25.1-1,25.1-2,25.1-3,2.5.1-4,2.5.2-2, 2.5.2-3,2.5.2-4, 2.5.3-1
It is our intent to revise the North Anna ESP application to refiect our responses to
these and other RAIls to support issuance of the NRC staff's draft safety and
environmental evaluations scheduled for later this year. Planned changes to the
application are identified following the response to each RAI.
if you have any questions or require additional information, please contact us.

Very truly yours,

GO

Eugene S. Grecheck
Vine President-Nuclear Support Services

TDOY
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Enclosures: 1. Response to NRC RAI Letter No. 3

2. CD containing the following 2 references in response to RAl 2.5.2-2
Part b):

a.

Silva, W., N. Abrahamson, G. Toro, and C. Costantino
(1996). Description and Validation of the Stochastic Ground
Motion Model, Pacific Engineering and Analysis report,
prepared for the Engineering Research and Applications
Division, Department of Nuclear Energy, Brookhaven
National Laboratory, Associated Universities, Inc., Upton,
New York.

Silva, W., N. Gregor, and R. Darragh (2002). Development
of regional hard rock attenuation relations for central and
eastern North America. Pacific Engineering and Analysis
report, http://www.pacificengineering.org/CEUS/Developmen
1%200f%20Regional%20Hard_ABC.pdf

Commitments made in this letter:

1. Revise North Anna ESP application to reflect RAl responses.

cc: (with enclosures)

U. S. Nuclear Regulatory Commission, Region [l
Sam Nunn Atlanta Federal Center
61 Forsyth Street, SW

Suite 23785

Atlanta, Georgia 30303

Mr. Jack Cushing

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. M. T. Widmann

NRC Senior Resident Inspactor
North Anna Power Station

Ms. Ellie Irons

Virginia Department of Environmental Quality
Office of Environmental Impact Review

P.O. Box 10009

Richmond, VA 23240
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COMMONWEALTH OF VIRGINIA
COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Eugene S. Grecheck, who is Vice President,
Nuclear Support Services, of Domlnlon Nuclear North Anna, LLC. - He has affirmed
‘before me that he is duly authorized to execute and file the foregomg document on
‘behalf of Dominion Nuclear North Anna, LLC, and that the 'statements in the document
are true to the best of his knowledge and bellef

Acknowledged before me this 5Ib day of jL) }LF ,ZOQf}f

My Commiséion expires: \3 3 / )
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Response tO'NﬁC'RAl Letter No. 3
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RAI 2 5.1-1 (NRC 4/15/04 Letter)

Section 2.5. 2 of the site safety analysrs report (SSAR) concludes that the Central
Virginia seismic zone (CVSZ) is the largest contributor to the seismic hazard for

. the ESP site. SSAR Section 2.5.1.1.4 (pg 2-2-194 and 195) summarizes the
findings of Obermeier and McNulty (Reference 71), who conducted -
reconnaissance studies in search of paleoquuefactron features associated with
the CVSZ. .

i

RAIl 2.5.1-1 Part a)

a) The Obermeier and McNulty study (Reference 71) regardrng
paleoliquefaction was limited in time interval (mid- to late-Holocene) and
~ geographic coverage. Therefore please provide additional justific catlon for
the SSAR statement ,
“The near-total lack of W|despread paleoliquefaction features
in the 300 km of stream ‘exposures searched within the
Piedmont, has led some researchers (Reference 71) to
conclude that it is unhkely that any earthquakes have
. occurred in central Vrrglnra in excess of M~7.” '

A Response to Part a)

The SSAR statement cited in the RAl is a summary statement paraphrased dlrectly from
Obermeier and McNulty (1998). As indicated in the RAI, however the statement as
written is ambiguous in terms of time interval and geographic coverage of the

liquefaction study. Thrs wording of this statement will be clarified.

Further mformatron on the area of geographrc coverage and age of the llquefactlon
features is provided in the responses to Parts b) and c). :

RAI251 1, Partb)

presence of two Holocene paleoliquefaction features in the CVSZ
According to SSAR Sectron 2.5.1.1.4, these two paleoquuefactron features
-are located along the James’ and Rivanna Rrvers ‘about 25-30 miles from
the ESP site. Please provide Justlf ication for concludlng that in spite of

~ the occurrence of recent earthquake(s) that produced paleollquefactron
f'features in the CVSZ such‘earthquakes are not abundant in the selsmrc "

~zone, and for concludrng that the earthquakes that produced these .

. V;Irquefactron features are “local shallow moderate magnitude’ earthquakes

-of M5 t0'6.” In addition, please describe the impact of these’ liquefaction-"
producing earthquake events on the recurrence model used for the’ CVSZ

b) - The ﬂndrngs of Obermerer and McNulty (Reference 71) |nd|cate the

J

.
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~ResponSe to Part b)

Our mterpretatlon of the liquefaction features identified in the CVSZ by Obermerer and
McNulty (1998) in terms of the frequency and size of earthquakes that produced these
features is based primarily on the’ expenence and judgment of Dr. Steve Obermeier and
related published literature that relates the size and geographlc distribution of
liquefaction features to earthquake size (e.g., Olson et al., 2003, revised 2004,
Obermeier, 1996, Ambrayses, 1988). Dr. Obermeier's approach for reIatrng the size
and distribution of liquefaction features to’ earthquake magnitude is described in his
'most recent paper (Obermeier et al., 2004) ‘Based on this information, the quuefactron
features identified by Obermeier and McNulty (1998) are interpreted to’ represent at
least one and possrbly two moderate magnitude earthquakes in the CVSZ.in the mrddle
to late Holocene. Because of the absence of quuefactlon features in otherwise ~
susceptible middle to late Holocene deposits elsewhere in the study area, ‘Obermeier
interprets these quuefactron features to be the result of localized moderate srzed
earthquakes In the SSAR, these magnrtudes are estimated to be in the range of M 5 to
6. In further discussions with Dr. Obermeier durlng the preparatlon of this RAl ,
response, the magnitude range that llkely produced the liquefaction features i rs more
likely M ~5.5 to 6.5. The SSAR will be revised to reflect this estimate. Larger **
earthquakes on the order of M ~7 would have’ produced a more wrdespread Ilquefactron
field with more numerous Iarger hquefactron features As concluded by Obermeier and
McNulty (1998): ,

The paucity of liquefaction features in central Virginia makes it seem unlrkely that -

any earthquakes in excess of M~7. have struck there. ‘Smaller earthquakes could
have struck but not be recorded in the paleosersmrc record of our study . area, but
even if M6-7. earthquakes had been relatively abundant, then many more
liquefaction effects would have been expected.

Dr. Obermeier confirmed this initial lnterpretatlon in recent dlscussmns wrth hrm On the '
basis of the large amounts of outcrop of. llquef able deposrts of mid-Holocene age along .
the Pamunkey River.near Ashland, and along the Robinson and Raprdan Rivers Iocated '
farther to the northwest Dr. Obermeier informed us that his comments abouta M~7
earthquake are very probably valid. Dr. Obermerer also stated that there is a lot of
outcrop of likely mid-Holocene age’ deposrts near site' SA-3 [see descrrptlon ‘of this site -
below], likely contarnlng Irquet" able sands, in ‘which there is no evidence of quuefactron
So, even if the features at SA-3 are seismic drkes the overall effects do not |nd|cate
very strong selsmrc shakrng, stronger than MMI - Vil to VIII o _

Thus, the llquefactron features rdentrﬁed by Obermerer and McNulty are best rnterpreted
to be the result of at least one’ and possrbly two moderate magnltude earthquakes -
occurnng in the CVSZ: In Obermeier's oplnlon he canvassed thousands of meters of

- exposure of liquefi able deposrts in his search area, and the absence of Irquefactron in’
these deposits and restncted nature of the observed hquefactron features mdrcates that
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a magnitude M~7 earthquake has not occurred in the Holocene and that abundant
magnitude M~6-7 earthquakes have not occurred in the Holocene within the CVSZ It
should be noted ‘however, that Obermeier did not perform any subsurface geotechnlcal
_ mvestlgatlons to confirm the llquefactlon susceptlblllty of deposits along the rivers
searched in the CVSZ The interpretation that the riverine deposits are susceptlble to
llquefactlon is based on the judgment of Obermeler from his years of experience -
investigating similar riverine deposits along nvers in other parts of the eastern and
central United States. :

The occurrence of two moderate magmtude earthquakes in the CVSZ durlng the
Holocene as recognized from the llquefactlon data is consistent with the earthquake
recurrence estimates for the CVSZ prowded in the EPRI seismic source model. The
mean recurrence interval for earthquakes exceedlng different magmtudes canbe
computed from the EPRI team models using each team’s parameters for modelrng the

CVSZ. Table 1 shows this computatlon for five of the six EPRI teams. (The Law
Engineering team did not delineate a specrt‘ c CVSZ geometry but relied instead on
larger zones with “local smoothing” of selsmlcrty parameters to capture the hlgher rate
of earthquake activity in the central Virginia reglon ) :

Table 1. Summary of Recurrence Intervals for the CVSZ

i e “Recurrence interval (yrs) for
qu>5 43 qu>5 87 | m.>6.26 qu>66 m.>6.91
"~ Team Source M>5 0 ' M>5.5 M>6.0 | M>6.5 | M>7.0
Bechtel E »596 - 5165 43,054 | Infinity - | - Infinity
Dames & Moore =40 ' f,-;_eos 1,977 6,070 | 66,350 | 214,327
Law Engineering -- S ' ‘ '
Rondout 29 3N 888 2,683 13,5‘10_' "~40‘l,337
Woodward-Clyde 27 T 522| 2,016 8668 31,864 | Infinity
Weston .22 S 02407 |- 2,243 | 18,557 | Infinity |- ‘Infi nlty ;
Geophysical o R - S SRR I
. ‘Average*: [ 458 1,806 7,055 7,41'503 698 574
No. of events per.| - 22 : 6 1 <1_ RS
10,000 yrs: e DL

average recurrence interval calculated as |nverse of average frequency of exceedance

Table 1 shows for example that the average recurrence rnterval for M>6 specn" cally _
associated with the CVSZ by the EPRI teams is 7055 'years, meaning that, on average
about 1 event of this size would be expected overa penod of 10,000 years. Slmllarly,
approxrmately 6 events of M>5 5 would be expected overa penod of 10,000 years.
Thus, the evndence of llquefactlon features described by Oberrneler and McNulty (1998)
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is consistent with both the size and recurrence ‘of magnltude ~M5.5 to 6.5 earthquakes
in the CVSZ. :

2.5.1-1 Part c¢)

. C) Considering that the CVSZi |s the major contributor to the hazard at
the ESP site, please provide the followmg additional mformatlon

i) . amap showmg the locatlons of the paleoliquefaction
: features relative to the ESP SIte

ii) evidence that supports the stated ages of the liquefied
sediments,

iii) specific locations, dim.ensions, and characteristics of the
liquefaction features, and .

iv)  extent of the CVSZ"'co_vered by the study.

Response to Part c)

Given the importance of the CVSZ asa major contrlbutor to hazard at the North Anna
ESP site, the RAl requests additional mformatnon on the detailed location and
characterization of the liquefaction features and the location of the liquefaction study
area relative to the CVSZ. :

Location. A map showing the general area covered by the Obermeler and

McNulty, 1998 study relative to the location of the North Anna site and the Central’

Virginia Source Zone as identified by the EPRI teams is shown on Flgure 1. [Figures

- are located ‘at the end of the RAI response.] --A detailed map showing the locations of
rivers canvassed by Obermeier and McNulty (1998)in relation to the North Anna ESP
snte is shown in Figure 2. This fi igure. is ‘modified from a figure produced by . Obermeier
for presentations, but never publlshed Flgure 2 shows the locations of the llquefactlon
features identified during the study, as well as the locations of exposures of middle to
late Holocene liquefiable deposits along rivers that did not contain Irquefactlon features.

- In general, more than 300 kilometers of rivers were examlned by canoe in the summer
of 1997 followmg a severe drought that revealed extensnve exposures of stream banks
parts of the North Anna River were surveyed followmg a ralnstorm such that hlgh water
submerged many exposures along the river and prevented contmuous evaluation. As
shown on the map, the l|quefact|on study area included many river segments overa
broad regional area encompassmg a large part of the CVSZ as identified by the EPRI -
teams.

~
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Age. The age of the liquefaction features are based, in part, on the age of the
host sediment and the degree of weathéring of the observed liquefaction feature relative
to the host sediment. Obermeier and McNulty, 1998 surveyed over 300 kilometers of
riverbank. They calibrated the: age of the riverbank deposits by obtalmng 17
radiocarbon dates. ‘The radiocarbon dates were from fragile seeds leaves and twigs,
and thus the dates closely approxrmate the age of the sediments. No detrital charcoal
samples were analyzed to avoid reworked charcoal fragments that have the potentlal to
yield dates that would be older than the host sediment. The dates range in age from
190 years to 21,000 years with most dates from the middle Holocene (2,000 to 5,000
years old). The samples were selected to av01d sediments that were obvrously young
(e.g:, historic). The sample ages were used to calibrate the approximate age of map
units along each river. Obermeier and McNulty (1998) generally recognlzed deposits in
two age ranges within which they focused their observations: (1) ~ 5,000 years old or
" older, and (2) 2,000 to 3,000 years old. A quuefactlon feature observed within deposits
2,000 to 3,000 years old must be that age or younger. ‘A llquefactlon feature observed
within deposits 5,000 years old or older must be that age or younger. If the liquefaction
feature is weathered along with the surroundlng sediment, the age of the liquefaction
feature is interpreted to more closely approxrmate the older age.

Specific Liquefaction Features. Obermeler and McNulty (1998) cite one probable
late Holocene liquefaction feature (Slte JAR 1) and one possible early to mid Holocene
liquefaction feature (Site Cedar Branch- 1) Inrecent discussions with Dr. Obermeier, he
also indicated a third possible Holocene feature at site SA-3. Each of these locations is
shown on Figure 2 and described in greater “detail below

(1)  Probable late Holocene Ilquefactlon feature along the James River

(Locality JAR-1, Perkinsville 7.5 minute quadrangle). Several llquefactlon )

dikes were observed at this location on the James River in deposits 2,000
to 3,000 years old: (Frgures 3, 4 and 5). The dikes are concentrated in a
zone about 10 feet wide. “The’ dlkes are sand-filled tabular intrusions
within a clay-nch cap The dlkes are generally less than 1 centimeter
wide, although one dike is up 'to 10 centimeters wide. The dikes extend
below river level so their vertical contlnurty and length is not known. A .
sand bed is present about 4 feet below the water level (at that time) and
may be the source bed for the sand dlkes A radiocarbon date from the

‘ host sediment yrelds a date of 190 years although Obermeier is skeptrcal

of such a young age Flgures 3,4 and 5 show photos taken by Obermeier

and McNulty of two’ of the I|quefact|on dlkes observed at the James’ Rlver
locality. -

- (2) Possmle early to mrddle Holocene Irquefactlon feature along the Rrvanna
o River (Locality Cedar Branch — 1, Boyd Ranch 7.5 minute quadrangle).
Three possible llquefactlon drkes were observed near the confluence of
the Rivanna River with Cedar Branch:. “Two of the dikes were near the’
confluence of the two streams the third drke is located several hundred



(3)
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feet upstream on Cedar Branch. The dikes are less than 1 centlmeter

wide and a little more than 0.5 meters in length although their vertical

continuity is not known with certalnty The dlkes consist of clean sand, but
the potential source bed could not be |dent|f ed because water level in the

river prevented hand excavation of the dike to depth. The dikes are

estimated to be mid Holocene based on the age of the host sediment and
weathering. No radiocarbon samples were available for dating at the’
locality; age of the host sediment was estimated through calibration of the
map unit from dated radiocarbon samples collected elsewhere along the
river. Obermeier photographed the features at Cedar Branch; but the
dikes were not photogenlc and are not distinct on the photos )

Possible early to mid- Holocene llquefactlon feature along the South Anna
River (Locality SAR-3, Dabneys 7.5 minute quadrangle). In addition to the
two liquefaction features described by Obermeier and McNulty (1998) and
summarized above, Obermeler indicated in a recent conversation that a
third liquefaction feature may be: present along the South Anna River
(Figure 3). At this site, a smgle tabular clastic dike extends across the
river on both banks.  The feature is hlghly weathered and Obermeier

Joriginally interpreted the feature to be an infilled weathered fracture or

crack in the host sediment. Upon revnewrng his notes and slides,

however, he suggests that the feature may be a liquefaction dike. Age of
the dike is estimated to be early to mid Holocene based on the’age of the
host sediment and degree of weatherrng It is not known if this possible
liquefaction feature is the same age as the possible llquefactlon feature
observed along the Rivanna Rlver given the broad uncertalnty in age
control (i.e., early to mid Holocene) Thus, the two features may be the
result of one earthquake or two earthquakes if the pOSSIble llquefactlon
feature at SAR-3 is from a separate earthquake, the results of the
Obermeier and McNulty (1998) study would indicate one probable and two

_possible earthquakes in the study area durlng the Holocene. Figures 6

and 7 are photos taken by Obermeier and McNulty of the possible -
liquefaction d|ke along the South Anna Rlver at location SAR-3.

Ambrayses N. N., 1988, Englneerlng Selsmology Earthquake Englneenng and
~ Structural Dynamlcs Volume 16 pp 985 1006

Obermeler S. F 1996 Use of quuefactlon lnduced Features for Paleoselsmlc

From Other Features and How Their Regional Dlstnbutlon and Propertles can be Used
To Infer. the Location and Strength of Holocene Paleo -Earthquakes: Englneenng '
Geology, Elsevrer Science, Volume 44 pp 1-76 '
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Obermeier, S. F., andW E. McNulty, 1998 Paleoquuefactron Evrdence for Seismic
Quiescence in Central Vlrglma During the Late and Middle Holocene Time [abs], Eos
Transactions of the American Geophysrcal Unlon Volume 79, No. 17, p 8342
(Reference 71 of SSAR Section 2.5).

- Obermeier, S. F., S. M. Olson, R. A. Green, 2004 in press, Field Occurrences of
Liquefaction- lnduced Features: A Primer For Engineering Geologic Analysis of
Paleoseismic Shakrng, Engineering’ Geology, Elsewer

Olson, S. M., R. A. Green, and S. F. Obermeier, 2003 (revrsed 2004) Geotechnical
Analysis of Paleosersmlc Shaking Using quuefactlon Features: Part 1. Major Updatlng
of Technlques for Analysrs U S. Geologlcal Survey Open-File Report 03-307.

Application Revision

SSAR Section 2.5.1.1.3.c.4, under thehe‘a‘ding “Paleoliquefaction Features within the
Central Virginia Seismic Zone,” will be revised to read as follows:

Paleo-Liquefaction Features vvithin:'th'e”central Virginia Seismic Zone

-~ Two sites of Holocene liquefaction have been reported within the cvsz
- (References 59 and 71). These sites. |nclude ‘an area of probable late Holocene
(2,000 to 3,000 years old) l|quefact|on along the James River and a possible area
of early- to mid-Holocene (~5,000 years old) llquefactron along the Rivanna River
. (Reference 71). In an April 2004 discussion, Dr. Obermeier suggested that a
third site of possible early- to mid- Holocene Ilquefactlon may also be present
along the South Anna River. '

The presence of these probable or possrble paleo liquefaction: features along the
- James, Rivanna and South Anna Rivers, about 25-30 miles from the site, shows
~that the Central Virginia seismic zone reflects both an area of paleo- sersmncuty as
-well as observed historical selsm1c1ty Based 'on the absence of widespread
paleo-hquefactron ‘however, Obermeler and McNulty (Reference 71) conclude
-~ that an earthquake of Magnitude 7 or. larger has not occurred within the seismic
zone in the last 2,000-3,000 years, or in the eastern portlon of the seismic zone
- for the last 5,000 years. They also’ conclude that the ‘geologic record of one or
more magnitude 6 or 7 earthquakes mrght be concealed between streams, but
that such events could not have been abundant in the seismic zone. In addition,
- these isolated locations of paleo—quuefactron may have been produced by local
_ shallow moderate magnrtude earthquakes of M 5.5 to 6.5. Thus, the presence of
- these quuefactlon features does not indicate a change in the smallest maximum
" 'magnitude level aSS|gned to the Central Vrrglnla seismic zone in the 1986 EPRI
- study. Because the causative faults remaln unldentlﬂed the Central V|rg|n|a
seismic zone is best characterized asa selsmogenlc source and not a capable
tectonic source, as defined by RG 1. 165 '
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The last paragraph of SSAR Section 2.5. 2 '2 8Will.vb'e‘revised to read as follows:

Smce the EPRI study, one probable and two pOSSIble liquefaction features’ have
been found within the Central V|rg|n|a seismic zone. As described in Section
2.5.1.1.4, these new observations aré consistent with the Mmax values and -
recurrence parameters assigned by the EPRI teams. The lack of wudespread
liquefaction features in the 300 km of stream exposures searched within the
CVSZ despite the presence of mid- to late-Holocene potentially liquefiable
deposits,.has led some researchers (Reference 71) to conclude that it is unlikely
that any earthquakes have occurred in the area investigated in excess of M~7
during the Holocene.
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Explanation
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Figure 1. Map showing general area of coverage of Obermeier and McNulty (1998) liquefaction study relative to interpretations of the

Central Virginia Seismic Zone.
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L\‘ 25 Ka exposures with liquefiable deposits common, some older
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Figure 2. Map of Central Virginia Seismic Zone liquefaction features. This figure is modified from a figure produced by Obermeier for
presentations, but never published.
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Figure 3. Late Holocene liquefaction dikes along the James River, Perkinsville 7.5-minute
quadrangle. (JAR-1). '
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Figure 5. Late Holocene 'l-idd'efabt‘i'—éﬁ dike (10 cm wide) along the JéiﬁééwRivéf‘('LoE‘:éAtion JAR-1).
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Figure 6. PdsSibIé ‘m‘id"Holoceﬁej ‘quueféétion‘diké‘ ) Flgure 7 Close-up view of possnble m|d Holocene
along the South Anna River (Location SAR-3) ‘liquefaction dike along the South Anvna Rlver 7.5-minute

quadrangle (Iocatlon SAR-3).-
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RAI 2.5.1-2 (NRC 4/15/04 Letter)

‘In SSAR Sectlon 2.5:1.1.4, Dominion concludes on the basis of several lines of
evidence, including aerial reconnaissance, that the northern segment of the East
Coast Fault System (ECFS) “probably does not exist or has a very low probablhty
of activity if it does exist.” Please provnde additional information on the nature of
the aerial reconnaissance for the ECFS, including the area covered and the type of
evidence used to conclude that the northern segment of the ECFS does not exist
or has low probability of activity. Please’ explam how information gathered during
the aerial reconnaissance and from other sources supports conclusions in the
SSAR that appear to be inconsistent with those made in the detailed geomorphic
analysis of Marple and Talwani (Reference 74).

Response

Our conclusion, presented in SSAR Section 2.5.1.1 4, that the northern segment of the
ECFS (Marple and Talwani, 2000) has a low probablllty of existence 'and a low
probability of activity is based on critical evaluatlon of the evidence presented by Marple
and Talwani (2000), aerial reconnalssance and professwnal Judgment

The RAI states that the conclusions regardlng the northern segment of the ECFS i in the
SSAR “appear to be inconsistent with the detailed ‘geomorphic analysis’ of Marple and
Talwanl " In our view, Marple and Talwani (2000) did not perform a very detailed or
rigorous geomorphic analysis to conclude that an active fault is present beneath the

* coastal plain of North Carolina and Vlrglnra ‘As discussed in this response, critical
evaluation of the evidence by Marple and Talwanl (2000) strongly shows that'the -
northern segment of the ECFS probably does not éxist or, if it does exist, has a very low
probabrhty of being active during the late’ Cenozonc

The SSAR conclusions regarding the northern segment of the ECFS were developed

- primarily from a critical evaluation of the geomorphlc observations and interpretations
presented by Marple and Talwani (2000) in the Coastal Plain of Virginia and northern
North Carolina. The aerial reconnaissance, Wthh was performed onlyonthe

~ northernmost portion of the northern segment of the ECFS, played an important but less
significant role in developing our concluswns The response to th|s RAlis organlzed

into the fotlowmg sections: ° : : :

= Description of ewdence presented by Marple and Talwanl (2000) to conclude. that a
" buried fault system (i.e., the ECFS) is present beneath the Coastal Plain ofthe
" southeastern United States ‘In this discussion, we distinguish between the evidence
“cited by Marple and Talwani (2000) for, the southern and central ‘segments of the
ECFS and evidence Clted for the northern segment of the ECFS; :

»  Validity and mdependent evaluat/on of the ewdence presented by Marple and
Talwani (2000) for the northern segment of the ECFS. This section evaluates the
_ ;
\ i .

;o
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geological, geophysical and geomorphrc evidence cited by Marple and Talwani
/(2000), and presents an alternative, non-tectonic explanation for each of the features
identified by Marple and Talwani (2000);

. Aenal Reconnaissance. This sectlon presents information from the aerial
reconnaissance performed on March 10, 2003.

1. Ewdence Presented by Marple and Talwam (2000)

Marple and Talwani (2000) draw on geologlcal geophysrcal selsmologlcal and
geomorphic evidence to support their lnterpretatlon of the presence, location and
activity of the ECFS. The location of the ECFS as described by Marple and Talwani
(2000) is shown in Figure 1. [Figures are located at the end of the RAI response] A
detalled map of the northern segment of the' ECFS is shown in Figure 2.

The types of evidence for the entire ECFS (southern central, and northern segments)
are described below:

(a) Geologic evidence for the ECFS oited by Marple and Talwani (2000) includes:

. * Westward termination of the Cape Fear and Norfolk arches along the NE -SW
trend of the ECFS

» “Quaternary uplift and arching Aa‘c'ross the ECFS, inferred from structure contours
on Pliocene-Quaternary stratigraphic units and contacts. -

» Association of Plio-Pleistocene'surfaoe faults with the ECFS trend

(b) = Geophysical and seismological ewdence forthe ECFS crted by Marple and
Talwani (2000) includes:

» Small earthquakes clustered :along'th:e southern end ‘of the ECFS

. ;‘.Dlscontlnumes imaged on reﬂectlon selsmlc data along the ECFS interpreted
~ assubvertical faults v v .

%

. Spatlal assomatnon of linear aeromagnehc anomalles wrth the ECFS

(c) Geomorphlc evidence for the ECFS crted by Marple and Talwam (2000) .

Ty generally consists of a NE- SW allgnment of “river anomalles i.e., variations in
: the character of streams and their valleys across the ECFS that Marple and -
Talwan| (2000) lnterpret as evidence for neotectonlc actwnty of blind or burled -
“faults. Specific geomorphlc features crted as anomalles by Marple and Talwani
(2003) include:
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= Local incision of streams into their floodplains, and formation of flights of fluvial
terraces '

= Abrupt changes in valley morphology',‘ such as broad floodplains giving way to
incised, V-shaped valleys.

= Systematic variations in stream Sinuolelty
. Local fluvial aggradation and anastomosing stream patterns

" Local convexities in the longitudinal profiles of “fluvial surfaces”, which are not
explicitly defined, but presumably mclude ‘channels and floodplarns

» Formation of incised channel meanders vWIth a preferred convex-to-the-
northeast morphology '

It is important to note that most of the data used by Marple and Talwani (2000) to
support their interpretation of the ECFS apply excluswely to the southern and central
- segment of the fault system (i.e., the “southern zone of river anomalies”, or “ZRA-S",
and “central zone of river anomalres or “ZRA—C”) The actual number and quality of R
. the data used to infer the presence of the northern segment of the fault system (i.e., .
“ZRA-N") is significantly less than that for the’ ZRA-S and ZRA-C segments. Marple and
Talwanl (2000) note that:

Evidence of uplift from stratigraphic and elevation data is sparse but supports the”
location of the ZRA-S and ZRA-C and uplift along them. The best evidence for uplift
along the zones is along the ZRA-S near Summervxlle

Marple and Talwani (2000) further acknowledge that there is a greater preponderance
" of evidence in support of the southern ECFS in the mtroductlon to the “Discussion”
section of their paper: : : :

- The following discussion deals largely wnth the ZRA-S because more corroborative
data are available along its trend than for the ZRA-C and ZRA-N.

Thus, much of the data and observatlons reported by Marple and Talwani (2000) apply .
only to the southern segment, or to the southern and central segments of the' postulated
ECFS, and do not apply to the northern segment of the fault system. Table1
-summarizes the information presented by Marple and Talwanr (2000) that specifically
applies to the northern segment of the ECFS (ZRA-N) :
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Presented in Marple and Talwani (2000):

Table 1. Evidence Used by Marple and Talwani (2000) to Define the ZRA-N (from north to south)

17

River/Location River Anomély/Line of Evidence Type Text. Table Figure . Argument Against Tectonic
Interpretation
Interstate 64 high angle crustal boundary in 1-64 seismic line ~ Geophysical p. 213 7 low angle, E-dipping, crustal
boundary identified as Paleozoic
Spotsylvania thrust fault
Blackwater uplifted fluvial surface (2 m) Geomorphic 1,2 11 no uplift demonstrated by M&T; only
convexity of river profile
Near Nottoway R. western termination of the Norfolk Arch Geological p. 213 7 Pazzaglia (1993) shows NFA
terminating against Fall Line, which is
west of ECFS
Nottoway cross-valley change and tilting to NE Geomorphic p. 215 1 DR6  Pliocene Coastal Plain units not
o o tilted; geomorphology explained by
N fluvial processes in river meander
bend . . -
. Three Creek uplifted fluvial surface (2 m) “ Geomorphic 1,2 11 profile of Plio-Pleistocene river
o ‘ terraces reveals no uplift
Fountains uplifted fluvial surface (1 m) Geomorphic 1,2 11 no uplift demonstrated by M&T; only
B - R convexity of river profile
Roanoke - S éross-valley cﬁange and tilting to SW Geomorphic p. 201, 210 1 15 geomorbhology ex'plai‘ned by fluvial
, processes in river meanderbend -
Roanocke anastomosing stream pattern u/s Geomorphic 1 15 anastomosing reach located
‘ S downstream of Fall Zone and dam
Roanoke deflection to SW Geomorphic 1 7 no evidence for tectonic contro! of
- deflection presented by M&T
Marsh Swamp uplifted fluvial surface (2 m) Geomorphic 1,2 11 no uplift demonstrated by M&T; only
: convexity of river profile
Marsh Swamp deflection to SW Geomorphic p. 21 1 1 7 no evidence for tectonic control of

deflection presented by M&T
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Table 1. Evidence Used by Marple and Talwani (2000) to Define the ZRA-N (from north toébuth)

Presented in Marple and Talwani (2000):

River/Location ‘ River Anomaly/Line of Evidence : Type Text Table Figure - Argument Against Tectonic
L - - Interpretation
Fishing Creek incision (3 m) Geomorphic 1 7 not reproducible on 7.5' quadrangle
IR = topography
Fishing Creek uplifted fluvial surface (1.5 m) Geomorphic ‘ 1,2 11 no uplift demonstrated by M&T; only

convexity of river profile

Fishing Creek sinuosity change (low u/s; increase immed. d/s)  Geomorphic 1 DR3  reported variations in sinuosity not
' consistent with experimental results
: . . of Ouchi (1985)
Swift Creek uplifted fluvial surface (2 m) Geomorphic 1,2 11 no uplift demonstrated by M&T; only
: convexity of river profile

Swift Creek deflection (C-NNE) - Geomorphic . 1 7 no evidence‘for;tectonic control of
- : : - - deflection presented by M&T
Tar ‘ incision (3m) Geomorphic _ 1 . - 7  notreproducible on 7.5 quadrangle
. . . - topography S .
Tar 7 defléctionto NE -~ . Geomorphic g 7 no evidence for tectonic control of

deflection presented by M&T

18



Serial No. 04-270
Docket No. 52-008
Response to 4/15/04 RAI Letter No. 3

2. ‘Validity and Independent Evaluatlon of Evndence Presented by Marple and
‘Talwani (2000)

This sectlon explicitly evaluates the geologic, geobhySICal selsmolog|cal and
geomorphic data used by Marple and Talwani (2000) to infer the presence of the ZRA-N
(Figure 2; also, Table 1). ,

2.1 Geological Data

The majority of geological data cited by Marple and Talwani (2000) in support of the
postulated ECFS apply only to the ZRA-S and ZRA-C segments. Structure contour
maps used by Marple and Talwani (2000) to lnterpret local Quaternary uplift and arching
over the ECFS are presented for the ZRA-S only. Pliocene-Pleistocene surface faults
associated with the ECFS are noted along the ZRA-C only (Figure DR7 in Marple and
‘Talwani, 2000). There are no Pliocene- Plelstocene faults or structure contour maps
-indicating uplift along the ZRA-N segment of the ECFS '

The only geologic data that Marple and Talwam (2000) cite in support of the ZRA-Nis ~
the coincidence of the ZRA-N with the westward termlnatlon of the Norfolk arch axis
(Figures 1 and 2; Table 1). Marple and Talwani (2000) note that their deplctlon of the
Norfolk arch axis is “modified” from a small-scale map in Pazzaglia (1993), which shows
the arch axis terminating westward agalnst the Fall Zone. Specifically, Marple and
Talwani (2000) have modified Pazzaglia's map by showing the Norfolk arch axis as
terminating about 25 km east of the Fall Zone; on trend with their inferred location of the
ZRA-N. Marple and Talwani’ (2000) provxde no. addltlonal references,’ mterpretatlons or
original data to justify their changes to Pazzaglia’s map of the Norfolk arch axis. Thus, it
is not poss:ble to determine if their modification of the Norfolk arch'axis is based on
independent data, or simply a re- lnterpretatlon of the Norfolk arch location that is
compatible with their model of the ZRA-N. ‘We conclude that the location of the Norfolk
arch'axis, as presented in Marple and Talwani (2000), does not provide mdependent
-geologic evidence in support of the ZRA-N. Therefore, there is no known geologic
evidence to support the existence of the ZRA-N

22 Geophysical and Seismological Data |

The only geophysncal or selsmologlcal data’ presented by Marple and Talwam (2000) in
support of the ZRA-N is an east-west-trendlng seismic reflection’ profile along Interstate
64 (I-64) through central Virginia’ (Table 1). Marple and Talwani (2000) do not associate

any seismicity wnth the ZRA-N (thls observatlon is confi ned to the ZRA-S segment only) '

On the 1-64 reﬂectlon prof ile (see Flgure 2 for locatlon) Marple and Talwanl (2000)
assert that the reflector. geometnes ‘reveal’a steep, deep- -crustal boundary beneath the
ZRA-N’s northem prolectlon {Marple and “Talwani, 2000, p. 213) -near shotpomt 3000.
However, the two- references cited by Marple ‘and Talwani that present the original
seismic reflection data (Coruh et al., 1988; Pratt et al., 1988) do not lnterpret the
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presence of a “steep, deep crustal boundary” on trend with the ZRA-N at shotpoint
3000. The segment of the 1-64 seismic line presented in Goruh et al. (1988) actually
terminates eastward at shotpoint 3000, and there is no steeply dipping discontinuity in
the reflectors in the vicinity of shotpoint 3000. ‘

The version of the I- 64 profile presented by Pratt et al. (1988) extends approximately 80
km east of shotpoint 3000, and also does not i image a steeply dipping structure in the
vicinity of the postulated ZRA-N. Onthe contrary, the major crustal-scale feature in this
region interpreted by Pratt et al. (1988) is an east-dlpplng shear zone beneath the
Goochland terrain in the central Piedmont and Coastal Plain regions. This shear zone
probably is equivalent to the east-dipping Spotsylvania thrust fault, which underlles the
Goochland-equivalent rocks in the vicinity of the ZRA-N (Glover et al., 1995). In the
structural model! of Glover et al. (1995), which is based in part on the data and
interpretations of Coruh et al. (1988) and Pratt et al. (1988), the shear zone associated
with the Spotsylvania thrust fault dips about 25° to 30° eastand is present at a depth of
about 30 km beneath the inferred ZRA-N. Glover et al. (1995) do not mterpret a steeply
dipping, crustal-scale shear zone ln the vicinity of the ZRA-N.

To summarize, Marple and Talwani (2000) appears to us to inaccurately characterize
the 1-64 seismic reflection profile and rnterpretatrons of Coruh et al. (1988) and Pratt et
al. (1988) in stating that the data indicate the presence of a steeply dipping, ‘crustal-
scale shear zone in the vicinity of the ZRA-N. Coruh et al. (1988) and Pratt et al. (1988)
do not interpret a steeply drpprng crustal 'shear zone in the vicinity of the ZRA-N. The
only crustal-scale’structure iin this reglon interpreted by these workers in the reflection
data is an east-dipping shear zone that underlies the Goochland terrain, and which i is
probably equivalent to the Spotsylvanla thrust fault at the latitude of central Virginia.
The SSAR summarized work by Glover et al. (1995) that presents and documents this
structural model. We conclude that the I- 64 reflection profile does not support the
interpretation by Marple and Talwani (2000) of the presence or the geometry of a blind,
steeply dipping fault zone coincident with the ZRA:N in Virginia, and that, there is no
geophysical or seismological ewdence to’ support the existence of the ZRA-N

2.3 Geomorphic Data
2.3.1 Comparlson of River Anomalles Among ZRA-S ZRA-C and ZRA-N

Wlthout substantiated geophysmal selsmologlcal or geologlcal data Marple and o
Talwani (2000) rely pnmanly on the’ presence of inferred “river anomalies” to postulate
the existence of the ZRA-Nand to define its extent and orlentatlon The geomorphlc
‘data presented by Marple and Talwanr (2000) however do not: appeartoprovidea = -
-compelling case for the presence of the ZRA-N. In Table 1 of their paper, Marple and
Talwani (2000) summarize their mterpretatlon of geomorphlc anomalies along : streams
that cross the three main segments of the ECFS ‘There are six categorles ‘of -
anomalies assessed for each stream. - As summarized in Table 1 of Marple and”
Talwani (2000), these anomahes mclude ‘channel incision, upward-displaced ﬂuvral

20" o



Serial No. 04-270
L Docket No. 52-008
" Response to 4/15/04 RAI Letter No. 3

_surfaces, cross-valley change, sinuosity change anastomosing stream pattems and
“river deflections” (i.e., formation of pronounced mcrsed meanders).

For the ZRA-S, Marple and Talwani (2000) report a total of 23 anomalies along a total of
five streams. Out of a total of 30 possible anomalles for these five streams (six anomaly
categories times five streams), this represents an approximately 77% posrtrve .
assessment of the presence of river anomalies. For the ZRA-C, Table 1 in Marple and
Talwani (2000) reports 19 total anomalies along six rivers, indicating an approximately
53% positive assessment. For the ZRA-N, Marple and Talwani (2000) interpret 17 total
anomalies along a total of ten streams: Out of a total of 60 possible anomalies, this
represents an approximately 28% posmve ‘assessment.

These relations indicate that the expression of the ZRA-N, as characterized by the .
density of river anomalies selected by Marple and Talwani (2000), is significantly less
than that of the ZRA-S and ZRA-C. Marple and Talwani (2000) also assessed fluvial
anomalies in a “non-tectonic” region as a control. They report five total anomalies along
four streams across the control region. Olit of a total of 24 possible anomalies, the four
streams in the control area exhibit an approxrmately 21% positive : assessment. The
percentage of anomalies along the ZRA-N is only slightly higher than that of the non-
tectonic control region.

2.3.2 Critical Assessment of Geomorp’hlc Anomalles Along the ZRA-N

As described above, Marple and Talwam (2000) Use six categories of river anomalies to
identify potential uplift and deformatron along the ECFS. Of these six categories of

anomalies, only “upward displaced fluvial surfaces” require a tectonic interpretation.

The other five anomalies are examples of channel pattern change that can be and

typically are produced by non-tectonic | processes "As noted by Schumm (1986),
“channel pattern change alone is not sufficient evidence for active tectonics, rather it is

. one bit of evidence that must be supported wrth other morphologrcal evidence of

aggradation, degradation or survey data

In the following sections, we crltrcally evaluate each of these geomorphlc anomalles
used by Marple and Talwani (2000) to deﬁne the ZRA-N (see summary in Table 1).

2.3.21 Channel Incrsron

As shown in their Table 1, channel mcrsmn is noted by Marple and Talwani (2000)
“along only two of the ten streams’ crossing ‘the ZRA-N: the Tar River and Fishing Creek,
both of which are Iocated at the’ extreme ‘'southern end of the ZRA-N. If the observed -
channel incision along Tar River and Fishing Creek is driven by upllft then we may
expect to see consrstent evrdence along both streams for deformation’ of the adjacent
floodplam and/or fluvial terrace. Of these two incised streams, however, only Fishing
Creek is cited as having upward dlsplaced fluvial surfaces”. Conversely, Swift Creek,
Marsh Swamp River, Fountains Rlver Three’ Rlver and the Blackwater River are cited
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by Marple and Talwani as having “upward displaced fluvial surfaces”, but the streams
themselves are not incised. Marple and Talwani (2000) provide no explanatlon for this
inconsistent fluvial response to what they interpret to be active uplift along the entlre
length of the ZRA-N

Using 7.5-minute topographic maps, we examined the reaches of Fishing Creek and
Tar River that are interpreted to be incised by Marple and Talwani (2000). The
eastward limit of the incised reach of Flshlng Creek shown in Figure 7 of Marple and
Talwani (2000) is approximately located near the small town of Bricks, about 2 to 3 km
south-southwest of Enfield. Inspection of these streams on the Ringwood and Enfield
7.5-minute quadrangles, however, shows that there are no changes in stream incision in
this region, and specifically no obvious reduction in incision east of Bricks. In the case
of the Tar River, the incised reach is shown by Marple and Talwani (2000) to terminate
eastward at the town of Rocky Mount. Inspectlon of the Rocky Mount and Hartsease
7.5-minute quadrangle maps of this region indicate that the Tar River contlnues to be
incised about 6 m below its adjacent terrace/ﬂoodplaln for. many kilometers downstream
of Rocky Mount, and the incision is not a unique feature limited to the location of the
postulated ZRA-N.

To summarize, local stream incision is reported only at the southern end of the ZRA-N,
-and is not systematically associated with “upward displaced fluvial surfaces” noted by
Marple and Talwani (2000) along other streams that cross the ZRA-N. Also, we are
-unable to duplicate their observations ofi incision of Fishing Creek and the Tar River
across the inferred location of the ZRA-N In fact mspectlon of avarlable 7.5-minute
"topographic maps shows that distinct stream incision either is not present (e.g., Fishing
Creek) or is not unique along the river channel at the location of the ZRA-N (e.g., Tar
River). We conclude that Marple and Talwani’s river anomaly of channel incision
provides no evidence to support the eX|stence location or actlvrty of the ZRA-N.

2322 “Upward Drsplaced" Fluvral Surfaces

Marple and Talwani (2000) interpret the presence of upward dlsplaced fluvial surfaces”
along six of the ten streams that cross the ZRA-N, and cite them as evidence for uplift
spatially associated with the ZRA-N. - If Marple and Talwani (2000) documented
evidence of upward displaced fluvial surfaces; then tectonic deformation would be -
) required to explain this anomaly. However, they did not observe or document upward
displacement. Strictly speaking the features described by Marple and Talwani (2000)
are not “upward dlsplaced fluvial surfaces but rather convexities in the longitudinal
- profiles of these river floodplains. Marple and Talwanr (2000) mcorrectly interpret
convexity as a proxy for tectonic uphft Because streams at grade typlcally exhibit
smooth, concave longltudmal prot" les, local convexrtles in the profiles indicate a
' departure from’ equrhbnum Although a convexrty can be’ produced by local uplift of the
channel and adjacent floodplain, several non-tectonic processes also can locally perturb
a‘stream from an equilibrium condition and produce a convexity in its longitudinal profile
(Schumm, 1986).
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Apparent convexities in Iongltudrnal stream and valley profiles may occur at the
confluence of two streams. For example, the eastern limit of the convexity along Three
Creek noted by Marple and Talwani (2000) coincides wrth the confluence of Three
Creek and the Roanoke River. When two rivers merge, the gradient of the natural
concave profile will change due to increased discharge and sediment load downstream
of the confluence, commonly producing a steeper gradient. Hence, two concave
profiles will “intersect” at the confluence, basically producing a “peak” or “cusp” in the
longitudinal profile. When “smoothed”, this peak looks like a convexity in the profile.
The convexity in the Three Creek longitudinal profile appears to simply reflect its
confluence with the Roanoke River, and not tectonic uplift.

The convexities interpreted as “upward displaced fluvial surfaces” by Marple and
Talwani (2000) along six of the ten streams crossing the ZRA-N are shown in Figure 3.
‘For the Blackwater River, Three Creek and Fountams Creek, Marple and Talwani
(2000) sketched a smooth concave profile joining the reaches of these streams
upstream and downstream of the convexity. They measured the vertical distance
between their hypothetical, sketched concave profile and the peak of the convexity and
-reported it as “upward displacement” in their Table 1. Strictly speaking, however what
Marple and Talwani (2000) have reported as “uplift” is only the vertical distance
between the observed fiuvial surface and a hypothetical concave profile. They have not
. demonstrated that the convexities are due to uplift, and they use no rigorous method to
_derive the concave profile. As discussed above, there is no reported stream incision

along five of the six streams that exhibit upward drsplaced fluvial surfaces”, so the
interpretation of tectonic uplrft includes the |mpl|crt assumption that uplift (reported to
range between 1 and 2 m in Table 1 of Marple and Talwani, 2003) occurred so recently
that the streams have not yet begun to incise their channels

Marple and Talwani’s (2000) interpretation of the convexrtres along three other rivers
that cross the ZRA-N (i.e., Marsh Swamp River, Fishing Creek and Swift Creek) are not -
consistent with the actual shapes of the respectrve longrtudrnal stream profiles
presented in their paper. In each of these cases, Marple and Talwani do not extend
their model of the presumed original concave reach of the stream to the eastern end of
the convexrty in the profile. Alternative mterpretatlons of graded concave profiles that
encompass the entire length of the convexities on these streams are shown in red on
Figure 3. These alternative mterpretatrons are arguably more vahd than those of Marple
and Talwani (2000) because they show a hypothetlcal graded profile along the entire
reach of the stream .

The alternatrve ‘models of the graded proﬁles for the Marsh Swamp River, Fishing Creek
and Swift Creek in Figure 3 are significant because they demonstrate that qualitative
mterpretatrons of anomalies in the Iongltudrnal proflles are not unique. If the alternative
‘interpretations are correct, it |mplles thatthe ZRA-N is more diffuse, less linear,’and
perhaps not on trend with the ZRA-S and ZRA:C as’shown in’ Flgure 7 of Marple and
Talwani (2000). Also, the east-west extent of the expanded convexrtles ranges from
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about 17 km (Swift Creek) to 27 km (Marsh Swamp River). If these anomalies are due
to tectonic uplift, then the implied width of the active ZRA- N along these drainages is 17
km to 27 km. This width is much greater than the zone of distributed surface
deformation associated with typical active obquue strrke-sllp faults, which is the style of
faulting suggested by Marple and Talwani (2000) for the ECFS. In fact, the east-west
extent of the convexities is comparable to the length of many fault segments and
seismic sources. In our view, the width of the ZRA-N inferred by Marple and Talwani
(2000) is not consistent with observations of deformation associated with active faults in
other regions. Finally, the greater east-west extent of the convexity on Fishing Creek
than originally interpreted by Marple and Talwani (2000) has implications for their
interpretation that variations in sinuosity. a!ong Frshrng Creek are associated with the
ZRA-N (this is discussed in greater detail below)

Finally, the uplift rate that Marple and Talwanr (2000) derive by comparing their models
of concave profiles with the observed longltudlnal profiles is not consistent with the
height of fluvial terraces above the modern channels. For example, Marple and Talwani
(2000) estimate an uplift rate of 0.2 mm/yr.for the ZRA-N at Three Creek, based on their
conclusion that the Holocene channel of Three Creek is displaced 2 m above the
“inferred original concave profile. Based on regronal geologic and geomorphic relations,
Marple and Talwani (2000) infer that the onset of activity of the ECFS occurred between
200 ka and 1.25 Ma. This implies that geomorphrc surfaces that are'older than 1.25 Ma
in age should have experienced the full magnitude of late Cenozoic uplift along the
ECFS. At Three Creek, Mixon et al. (1989) have mapped remnants of late Pliocene-
early Pleistocene terraces called the Windsor Formation; the elevations of these terrace
remnants are plotted above the longltudrnal prof ile of Three Creek in Frgure 4, Ifitis
assumed that the Windsor Formation terraces are about 2 million years old, and if they
have been uplifted above Three Creek ataTate of 0. 2 mm/yr since 200 ka to 1.25 Ma,
then we would expect them to currently lie 40 m 10 250 m ‘above Three Creek. The
profile in Figure 4 shows, however, that the Wrndsor Formatron terraces are only about
10 m to 20 m above Three Creek. As discussed in the followrng section on cross-valley
change, the Windsor Formation terraces along Three. Creek also demonstrate that there
has been no folding or arching across the ‘axis of the ZRA-N which is a key predlctlon
of the kinematic model Marple and Talwani (2000) propose for deformation along the
'ECFS (Figure 5). We conclude that mterpretatrons of uplift and uplift rate by Marple and
" Talwani (2000) based on their method for evaluatlng convexrtres in longitudinal profiles
are not consistent with other geologlc data '

To summarize, the “upward dlsplaced ﬂuvral .;urfaces crted in Table 1 of Marple and
Talwani (2000) are more objectively characterlzed as convexities, or local increases in
the gradient of the longitudinal. profiles of ﬂoodplalns due to the lntersectron of concave

~ profiles at river confluences. The change in- gradient at the conﬂuence of two rivers may
reflect rncreased discharge, sedrment load, and stream power (Schumm, 1986) and
thus does not unequivocally lndlcate tectonlsm We fi nd'that the mterpretatlons of the
convexities and the magnitude of uplift assocrated with them that are reported by Marple
and Talwanl (2000) are subjective and non unlque Finally, the great east-west extent
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of the anomalies (17 km to 27 km) stro,ngly.implies that they are not associated with
discrete uplift above a single fault or active fault zone.

2.3.23 Cross-Valley Change

Marple and Talwani (2000) cite cross-valley changes in the morphology of the Roanoke
and Nottoway River valleys across the ZRA-N as evidence for Quaternary tectonic tilting
" and folding. Specifically, they observe that the Roanoke and Nottoway rivers west of
the ZRA-N have relatively straight WNW-ESE—trendlng courses, but are deflected and
form prominent incised meanders ‘across the ZRA-N. The Roanoke River is deflected
southward and forms a convex-southward meander bend, and the Nottoway River is
deflected northward, forming a convex ‘northward meander bend.” In both cases the
rivers have progressively widened their meanders during incision, such that there are a
series of slip-off terraces on the inner bends of the meanders that step progressively
downward to the river. Topographic profiles across the meander bends presented by
“Marple and Talwani (2000) reveal that the' valleys of the Roanoke and Nottoway Rivers
are distinctly asymmetric, with the steeper valley wall associated with the outer bend of
the meander loop, consistent with the pattern of downcutting recorded by the slip-off
terraces. Marple and Talwani (2000) expllcrtly attribute the valley asymmetry to tectonic
tilting in the direction of the steeper valley wall (Frgure 5). In their interpretation, “tilting
(down to the SW for the Roanoke River; down to the NE for the Nottoway River) has
forced the rivers to preferentlally erode the outer bend of the meander loops during the
incision, producrng ‘the observed valley asymmetry

Marple and Talwani (2000) repeatedly state that the asymmetrrc valleys represent
“cross-valley tilt,” but they do not acknowledge that this is an interpretation of the valley
morphology, not a direct observation of deformatron The geomorphology they describe
is typical for meanders or bends in streams and rivers in tectonlcally quiescent regions.
No tectonic uplift is required to produce 1 these observations. If tectonic deformation
were, in part, responsible for producing this geomorphology (i.e., Figure’ 5) then there
should be additional geomorphic and geologrc evrdence in support of tilting, such as:

= Tilt of individual terraces; i.e., older surfaces should be trlted more than younger
surfaces.

- stratigraphic contacts should be vrsrble in longrtudrnal cross sections drawn
parallel to the trend of the ZRA-N.

= ’Drarnage patterns of 2" and 3n order streams should be rnﬂuenced by t|lt|ng
For example, streams should flow northeast |nto the large Nottoway meander,
not directly toward the coast as observed o

Marple and Talwanr (2000) do not present any drrect stratrgraphrc or geologlc evrdence
of tilting of the kinds lrsted above. For example none of the cross-valley profiles
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presented by Marple and Talwani (2000) document progressive down-to-the-valley
tilting of older terraces, as wouid be expected for tectonic tilting.

We independently evaluated geologlc and geomorphlc relations along Three Creek
(Figure 4) to test the kinematic model proposed by Marple and Talwani (2000) for uplift,
tilting and folding across the ECFS (Flgure 5). Remnants of the Pliocene-Pleistocene
Windsor Formation terraces along Three Creek’ extend from the western margin of the
ZRA-N shown by Marple and Talwani in Flgure 2/toa pornt located several kilometers
east of the axis of the ZRA-N (Figure 4). If uphft is occurring across the ZRA-N, and if
the ZRA-N is being arched into a broad, north -plunging anticline that has caused the
formation of the large meander bend in the Nottoway River, then we would expect to
see remnants of the Windsor terrace along Three Creek at the west end of the ZRA-N
not uplifted at all or uplifted only shghtly, and the terrace remnants near the axis of the
ZRA-N should be elevated to the maximum extent as dlctated by the uplift rate and
length of time that deformation has been active (i.e., 40 m to 250 m above Three Creek;
see discussion in previous section on “upward drsplaced fluvial surfaces). In other
words, we 'should see 40 m to 250 m of structural relief on the Windsor terrace
remnants across the ZRA-N, and in fact the terraces on the western limb of the ZRA-N
arch should be backtilted to the west. The Windsor terraces along Three Creek,
however, are not deformed in this manner. As shown in Figure 4, the Windsor terraces
maintain a constant height of about 10 m to 20 m above Three Creek from the west end
of the ZRA-N to a point east of the ZRA-N axis, and the gradient of the Windsor terrace
remnants is toward the east, similar to the gradient of the modern Three Creek channel.
We conclude that these data provide strong, direct evidence for no tilting or arching
across the ZRA-N of the type inferred by Marple and Talwani (2000; Figure 5) to explain
the formation of the large meander bend in the Nottoway River. In our opinion, the
observed river meander is a natural geomorphic fluvial response that balances river
incision, sediment load and discharge and is not a response to tectonic uplift or tilting.

As another dlrect test of the tilting hypothesrs we evaluated the contact between the
Pliocene Upper Bacons Castle Formation and the Chesapeake Group, which is mapped
‘by Mixon et al. (1989) in and around the large convex-northward meander loop in the
‘Nottoway River that is associated by Marple and Talwani (2000) with the ZRA-N (Figure
6). Mixon et al. (1989) consistently map the Bacons Castle- Chesapeake Group contact
at an elevation of about 100 feet throughout this region. In the vicinity of the town of

' Empona approxmately 25 km south of the Nottoway Rrver the contact generally falls
slightly below the 100 ft elevation contour (Points “B” on Flgure 6).. ‘Directly south of the
large meander in the Nottoway River, the contact is generally coincident with the 100 ft

~ contour (Points “C” on Figure 6). North of the Nottoway River, the Bacons Castle- " .
Chesapeake Group contact generally lies sllghtly above the 100-foot elevatlon contour
(Points *A”.on Flgure 6). These relations imply that there is negllglble structural relief on
the contact across the area of assumed down-to-the-northeast tilting, " and that the’
“contact may ‘actually i increase ‘slightly in elevation from south to north, rather than
decrease in elevation as would be expected if down-to-the-north tilting has occurred to
produce the large meander in the Nottoway River.

26



- Serial No. 04-270
=~ , Docket No. 52-008
o Response to 4/15/04 RAI Letter No. 3

To summarize, we conclude that Marple and Talwani (2000) have not demonstrated
that the observed valley asymmetry, which is a common characteristic of non-tectonic
meander growth in fluvial systems, is due to. tectomc tilting. Map-scale geologic and
stratigraphic relatronshlps documented by Mixon et al. (1989) provrde direct, positive
evidence for no Quaternary antiformal folding and NE-directed tilting in the vicinity of the
Nottoway River, as required by the kinematic model of Marple and Talwani (Figure 5).
Therefore, the “river anomalies of cross-valley’ change prowde no evidence for the
exrstence of the ZRA-N.

2324 Sinuosity Change

Out of ten streams that cross the inferred ZRA-N, Marple and Talwani (2000) cite only
Fishing Creek as exhibiting an anomalous change in stream sinuosity assocuated with
the ZRA-N. Specifically, Marple and Talwani (2003; Figure DR3) show an increase in
stream sinuosity directly downstream of a 4-km- long incised reach of the stream. In
their interpretation, localized uplift of the ZRA-N is centered on the incised reach of the
stream, and the sinuosity increases downstream as a response to an increase in the
gradient of the valley floor west of the uplift axis (see discussions in Schumm, 1986, and
Ouchi, 1985).

However, the full extent of the convexrty in the longrtudlnal profile along Fishing Creek
that Marple and Talwani (2000) attribute to upllft is approximately 20 km in length. The
increase in sinuosity cited by Marple and Talwanl (2000) is associated with the western
margin of the convexity only. To the east, there are multlple variations in sinuosity
along the presumably uplifted reach of Frshrng Creek that occur over distances of 4 to 6
km; given the short-wavelength character of these smuosrty variations relative to the
dimensions of the convexity in the longitudinal profile, we infer that they are due to
variations in fluvial parameters like discharge and sedlment load rather than tectonics.
There is no systematlc increase in sinuosity across the convexrty as would be expected
fora systematrc response of the stream to an mcrease in gradlent downstream of the
uplift axis (Ouchi, 1985; Schumm, 1986).

To summarize, anomalous changes in stream srnuosﬁy are’ not reported by Marple and
Talwani (2000) along nine of the ten streams that | Cross the inferred ZRA-N. We find
that the single example of an anomalous change in sinuosity along Fishing Creek is not
consistent with other features Marple and Talwani (2000) cite as evidence for uplift of
the ZRA-N, nor i$ it consistent with variations in sinuosity due to uplift as described by
Ouchi (1985) and Schumm (1986). ‘Therefore, the “srnuosrty change” reported by
Marple and Talwam (2000) does not provude evrdence for the exustence of the ZRA-N.
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2.3.25 Anastomosing Stream Pattern

Out of ten streams that cross the ZRA-N, Marple and Talwani (2000) cite only the
Roanoke River as exhibiting an anastomosing pattern upstream of the inferred ZRA-N
uplift. However, Marple and Talwani (2000) note in ‘their Table 1 that the Roanoke River
is not incised across the ZRA-N, nor do they observe an “upward displaced fluvial
surface” associated with the ZRA-N at this latitude. ‘Apparently, Marple and Talwani

- (2000) do not observe complementary geomorphlc evidence of uplift downstream of the
anastomosing reach of the river, as may be expected if the channel pattern change is
associated with tectonism. Conversely, Marple and Talwani (2000) interpret that six
other streams have “upward displaced fluvial surfaces across the ZRA-N, but none of

_ these streams have an anastomosing reach d|rectly upstream of the inferred uplift.

These observations provide additional evidence that there is no consistent fluvial
response by streams crossing the inferred ZRA-N.

If there is no discernable uplift or deformation downstream of the anastomosing reach of
the Roanoke River, then it is probable that the observed channel pattern change is
produced by some process other than tectonrsm To assess this, we examined the
anastomosing reach of the Roanoke River on the Roanoke Rapids and Weldon 7.5-
minute topographic maps, and observed that itis dlrectly downstream of: (1) a dam built
on the Fall Line; and (2) Roanoke Raplds Lake. ‘Marple and Talwani (2000) do not
discuss the possible influence of these geomorphic and cultural features on the
development of the observed anastomosing : stream pattern It is possrble that the
anastomosing reach of the Roanoke River srmply reflects a relative increase in
sediment load to discharge related either to the Fall Line producing increased sediment
bedload or to the dam and reservoir which would reduce flood flows dunng ‘which time
sediment bedload typically is transported. The ultimate cause of the anastomosmg
reach of the Roanoke River cannot be determined without a careful detailed geomorphic
analysis of the fluvial system at this location, which has not been performed.

2.3.2.6 Stream Deﬂection

Marple and Talwani (2000) infer that five of the ten streams that cross the ZRA-N are
anomalously deflected. Two of these deflections (on the Roanoke and Nottoway
Rivers) are interpreted to be associated with cross-valley tlltlng “As discussed above,
Marple and Talwani (2000) have not demonstrated that these partlcular deflectlons are
due to tectonic tilting, and in the case of the Nottoway River, map-scale geolog|c
relations provide evidence for no trltrng or deformatlon to produce the deflections. The
deﬂectlon along the Tar River is coincident with both the inferred ZRA-N and the Fall
Zone; it is possible that the deflection of the Tar River is associated with the Fall Zone
and not the ZRA-N (Marple and Talwam 2000, show these two features dlvergmg north
of the Tar Rrver) “The other two noted deflections, on Swift Creek and Marsh Swamp,
are associated with convexmes in the Iongltudlnal valley profiles. It is possible that the
observed stream deflections are genetlcally associated with the convexities, but as
noted above, these features likely are produced by non-tectonic processes
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3. "Aerial Reconnaissance

~ Aerial reconnaissance of the northern portion of the northern segment of the ECFS
(ZRA-N) was performed as part of the ESP studiés. The March 10, 2003
reconnaissance flight, which is described in more detail i in the response to RAI 2.5.3-1,
provided limited coverage of the ECFS, as. mapped by Marple and Talwani (2000), in
the area between the Nottoway and James Rivers. This portion of the flight is shown in
Figure 7. Near the location of the ECFS trace, the Coastal Plain is characterized by
very low relief, and no geomorphic features indicative of potentially active faulting were
observed. However, the nearby, northeast trendlng Surry scarp, which represents a
Pliocene shoreline, was observed during the reconnaissance flight. Given the amounts
of Holocene and Pleistocene uplift and the rates of deformation proposed by Marple and
Talwani (2000), there should be geomorphic expressron of the ECFS in the relatively flat
topography of the Coastal Plain. Although the aerial reconnaissance of the ECFSwas
limited in coverage and not comprehensrve the lack of geomorphic expression supports
the SSAR conclusions that the northern segment of the ECFS (ZRA-N) has both a low
probablllty of existence and activity. These conclusions were based not on the aerial
reconnaissance alone, but primarily on the mdependent evaluation described above of
the geomorphic “evidence” presented by Marple and Talwani (2000).

4. " Summary

Based on our review and. assessment of the geophysical, geological, selsmologlcal and
geomorphic evidence cited by Marple and Talwani (2000), we reiterate the concluswn in
SSAR Section 2.5.1.1.4 that the ZRA-N “probably does not exist or has a very low
probability of activity if it does exist.” Our conclusions are based specifically on the
following observations:

1) Marple and Talwani (2000) cite the westward termination of the Norfolk arch
along the trend of the ZRA-N as geologlc evidence for the presence of the ZRA-
N. The basic source of geologic data on the location of the Norfolk arch cited by
Marple and Talwani (2000) is a small-scale’ ‘map in Pazzagha (1993) ‘which
shows the arch termlnatmg westward at the Fall Line. However, Marple and
Talwani (2000) have “modified” Pazzagha s map to show that the westward
termination of the Norfolk arch is about 25 km east of the Fall L|ne ‘Where it lies
on trend with the ZRA-N. Marple and Talwani (2000) prov1de no references to
detailed mapping of the Norfolk arch or other evidence in support of their
modification of Pazzaglia's map. In the absence of such data we conclude that
Marple and Talwani’s modifi cation of Pazzaglia's depiction of the Norfolk arch is
unsubstantiated, and does not provnde mdependent evidence for the'presence of
the ZRA-N. ' : P

2) Marple and Talwam (2000) mlscharacterlze an east-dlpplng structure lmaged at
‘about 30 km depth beneath the inférred location of the ZRA-N by the I -64 deep
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seismic reflection prot" ile as steeply dipping”, and they erroneously associate it
with the postulated ZRA-N. As interpreted by Glover et al. (1995), this reflective
feature probably is associated with the east- dlpplng Spotsylvania thrust fault that
crops out 60 km west of the ZRA-N as they map it. The east-dipping structure
imaged on the 1-64 profile does not support the interpretation of the ZRA-N.

Based on a quantitative comparison of the density of “river anomalies” attributed
to three segments of the ECFS, the ZRA-N is much less well expressed than the
ZRA-S and ZRA-C. As charactenzed by Marple and Talwani (2000), the ZRA-N
has only a slightly higher percentage of anomalies than a non-tectonic control
region. We find that there is no consistent co-occurrence of two or more
anomalies along each of the drainages, as may be expected if they have
developed in response to uplift of the ZRA-N. Also, we find that there is no
consistent pattern of anomalies along the trend of the ZRA-N, as expected if the
structure was active along its entire length.

Based on our independent assessment of “river anomalies” on the ZRA-N, we
find (1) no evidence for the existence of a fault and (2) direct stratigraphic
evidence against the types of deformation postulated by Marple and Talwani
(2000). In some cases, we could not venfy or duplicate geomorphic observations,
such as channel incision, cited by Marple and Talwani (2000). The “upward
displaced fluvial surfaces” cited in their | paper are inferred only from qualitative
analysis of convexities of river proﬂles and, therefore, this type of * ‘anomaly” does
not provide evidence for tectonic upllft and is inconsistent with other geomorphic
observations. And finally, we documented direct stratigraphic evidence for no
Quaternary deformation in the VIcmrty ofa large meander of the Nottoway River
that Marple and Talwani (2000) lnterpreted to have formed in response to
systematic folding and northeastward tilting. We conclude that the fluvial
geomorphic features cited by Marple and Talwani (2000) are likely produced by
non-tectonic fluvial processes are not anomalous, and, thus do not support their
interpretation of the presence and actrv:ty of the ZRA-N (northern segment of the
ECFS). oo

No geomorphlc features lndlcatlve of potentral Quatemary faultmg or foldlng were
observed along the northern trace of the ZRA-N during aenal reconnalssance
performed as part of the: ESP study
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Application Revision

The last two paragraphs of SSAR Sectlon 2.5.1.1.4.c.4 under the heading “East Coast
Fault System will be revised to read as follows

Although the postulated ECFS represents a potentlally new tectonic feature in
the Coastal Plain of Vll'gll’lla and North Carolrna (Reference 74), aerial .
‘reconnaissance and mdependent analyses of the evidence presented by Marple
and Talwani (Reference 74) for.the northern segment indicate that this segment
of the fault zone probably does’ not exist and, if it exists, is nota capable tectonlc
source. Current compllatlons of selsmlc sources also suggest that’ others '
interpret a low confidence that the northern segmentof the ECFS exists. For
example, Crone and Wheeler (Reference 59) do not include the northern and
central segments of the fault in their compllatlon of potentially active Quaternary
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faults. In addition, workshops convened for the 2002 USGS seismic hazard
model (Reference 77) and for the TIP project (Reference 78) do not |dent|fy the
northern and central segments of the fault system as a Quaternary actlve fault.
As a member of both the USGS and TIP ‘workshops, Talwani did not propose the
northern and central segments of the fault system for consideration as a potential
“source of seismic activity. In addltlon Marple and Talwani (Reference 74) do not
argue that the northern and central segments of the fault system are associated
wnth any seismicity.

In summary, the northern segment of the ECFS as postulated by Marple and
Talwani (Reference 74), is located approxnmately 70 miles southeast of the site.
Marple and Talwani (Reference 74) further 'suggest that the southern segment of
the fault system may be the source of. the 1886 Charleston earthquake, implying
that the northern and central segments may produce earthquakes of similar size.
Although geomorphic analyses and aerial reconnaissance performed for this
ESP application indicate that the northern’ segment of the fault zone probably
does not exist and has a very low probability of activity if it does exist, given the
proximity of the fault to the site and uncertalnty regarding the existence and
activity of the fault, a sensmwty analyS|s was performed to evaluate the fault’s
potential contribution to hazard at the ESP ‘site. The results of this sensitivity
analysis are described in Section 2.2.2.6.2.
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Figure 1. Map of the East Coast fault system (ECFS, thick black lines), taken from Marple and
Talwani (2000). CFA = Cape Fear arch; NFA = Norfolk Arch.
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Figure 2. Map of ZRA-N (modified from Marple and Talwani, 2000). Locations of geomorphic river
anamolies inferred by Marple and Talwani are highlighted as shown in the explanation. NFA =
Norfolk Arch. ZRA-N shown as thick dotted line and zone of thin parallel lines.
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Figure 3. Longitudinal profiles of rivers showing convexity at ZRA-N. Inferred smooth, concave

profiles shown as dashed lines. Black lines are interpretations of Marple and Talwani (2000); red
lines are interpretations by WLA. Modified from Marple and Talwani (2000).
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Figure 4. Longitudinal valley profile along Three Creek across the ZRA-N of Marple and Talwani,
2000. Also shown are elevations of remnants of the Pliocene-Pleistocene Windsor Formation
terraces (Qtw; from mapping by Mixon, et al., 1989). Elevations taken from three separate terrace
remnants (QTw1, QTw2, QTw3) indicate the Windsor terrace lies 10 meters to 20 meters above
Three Creek, and has a similar gradient to the modem floodplain.
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Figure 5. Model for development of large meander bends and asymmetric river valleys due to
tectonic uplift and tilting along the ECFS (from Marple and Talwani, 2000).
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Figure 6. Geologic map of the area between Three Creek and Nottoway River (taken from Mixon et
al., 1989). The contact between the Pliocene Upper Bacons Castle Formation (Tb', light brown) and
the Chesapeake Group (Tc, orange-brown) occurs at about 100 ft elevation throughout this area. In
general, the Bacons Castle/Chesapeake Group contact lies slightly below the 100 ft contour directly
east of Emporia (sites labeled “B”). Just south of the Nottoway River, the contact is approximately
coincident with the 100 ft elevation contour (sites labeled “C”). North of the Nottoway River, the
contact lies slightly above the 100 ft contour (sites labeled “A”). These relations suggest that the
contact dips slightly toward the south.
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Figure 7. Portions of the March 2002 aerial reconnaissance over the northern extent of the ZRA-N.
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RAI 2.5.1-3 (NRC 4/15/04 Letter)

~ In SSAR Section 2.5.1.1.4, Dominion concludes that the seven fall lrnes defined
by Weems (Reference 70) do not ¢ represent a capable tectonic source.” Weems
(Reference 70) favors a neotectonic ongm for the seven fall lines. Please ‘
provide additional justification to confirm or disprove the seven fall lines defined
by Weems (Reference 70)as a capable tectonic source. -Also, please explain
how the absence of these features in the compilation of Crone and Wheeler
(Reference 59) demonstrates that the fall lines are not capable tectonic sources.

Response

The conclusion, presented in SSAR Section 2.5.1.1.4, that the seven fall lines defined
by Weems (Reference 70) do not representa capable tectonic source is based on
critical evaluation of the evidence presented by Weems (1998) and professional
judgment. A

Specifically, the “fall lines” described by Weems (1998) (Figure 1) are not defined by
formal, consistently applied criteria, and thus are not as well defined and laterally
contlnuous as depicted. [Figures are located at the end of the RAI response.] For
example, different features are sometimes correlated to form a laterally continuous fall
line while in other cases similar features are not correlated. Weems (1998) also argued
for a neotectonic origin for the fall lines primarily because he concluded that the

_ competing hypotheses (Quaternary climatic variations; differential bedrock erodabrlrty)
are less compelling. - However, Weems ¢l 998) does not present direct credible evidence
for a tectonic origin of the fall lines. Based on our evaluatron of stratigraphic, structural
and geomorph|c relations across and adjacent to the fall zones described by Weems
(1998),:'we conclude that differential erosion due to variable bedrock hardnessisa .
viable and more plausible explanatlon than Quaternary tectonism. Furthermore there is
no complementary ‘geomorphic expression of tectonism, such as the presence of -
tectonic escarpments along the trend of the fall I|nes between dralnages where one -

This response presents addrtlonal detarled analysrs of geologrc and geomorphrc data to '
support the conclusion in the SSAR that the fall lines are not tectonic features, and thus
do not represent capable tectonlc sources Th|s response is organlzed into the followmg
sectlons »

. Summary of the analytlcal approach used by Weems (1998) to |dent|fy fall llnes
: and fall zones - .

= Validity and mdependent evaluatron of Weems methodology

» Evaluation of evrdence presented by Weems for deformation of Nottoway Rlver
terraces
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» |ndependent geomorphic analysis of the Tidewater and Central Piedmont Fall
Lines
= 'Explanation of reference in the SSAR to Crone and Wheeler (2000)

1. }‘ Summary of Analvtical Approach Used bv Weems (1998)

Weems (1998) analyzed longitudinal profiles of rivers in the Piedmont and Blue Ridge
provinces of North Carolina and Virginia, and identified discrete reaches along individual
streams commonly marked by the presence ‘of raprds and/or falls, that have Iocally
steeper gradients than adjacent upstream and downstream reaches. Weems (1998)
described these reaches of steeper gradient, falls and rapids as fall zones. Some of -
these fall zones are more than 16 km (10 miles) Iong, and in some cases Weems
(1998) has combined multiple steep reaches of rivers into a single fall zone with widths
up to 32 km (20 miles). Weems (1998) further observed that fall zones along individual
rivers in the Piedmont and Blue Ridge | provrnces regronally form curvrlmear arrays or
alignments parallel to the NE- SW—trendrng Appalachian structural grain (Figure 1).
Weems (1998) defined these apparent alignments of fall zones to be fall lines.

Weems (1998) notes in the mtroductron to his paper that the “Fall Line” of common
usage, generally understood to be the farthest point that Colonial era ocean- going ships
were able to navigate upstream before encounterrng falls and raprds is a discrete fall
line at or near the western margin of the Atlantic Coastal Plain province. Weems (1998)
named this feature the “Tidewater Fall Line". Based on his analysis of longrtudrnal
stream profiles, Weems (1998) interpreted that six other laterally continuous fall lines
also are present west of the Tidewater Fall Line in the Piedmont and Blue Ridge
provrnces (Figure 1). From east to west these additional fall lines are:

.Nutbush fall line

Durham fall line

Central Piedmont fall hne
Western Piedmont fall line
Blue Ridge fall line f
-Great Smokey fall line

" § W =2 =R =
B

Of these six fall lines, the Nutbush Durham "Western Predmont and Great Smokey fall
lines all terminate well to the south of the North Anna Site Vrcrnrty The Blue Ridge fall
line lies approxrmately 67 km’ (42 m|) west of the North Anna site. ‘As shown'in Flgure 1,
-only the Tidewater and Central Piedmont fall llnes approach to wrthln 25 mrles of the ‘
North Anna site (l e., lie within the Srte Vrcmrty)
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Weems (1998) discussed three hypotheses for the origins of the fall lines in tne Blue
Ridge and Piedmont provinces:

= Variable erosion across linear belts of rocks of varying hardness;

» Late Cenozoic climatic and sea level fluctuations, producing “waves” of
headward-retreating nick points that are expressed as fall zones and fall lines;
and

. Localized neotectonic uplift along fall lines.

Weems (1998) rejected the first two hypotheses. He argued that control of fall zones
and fall lines by rock hardness “is true only locally and occurs as a consequence of
uplift’. He further argued that climatic control “does not adequately explain the
observed patterns” of fall lines. Weems (1998) concluded that tectonic uplift “is the
dominant cause of the existing Piedmont fall lines” because neither differential rock
erosion, nor regional creation of nlckpomts by climate-driven changes in fluvial
parameters, could “adequately explain the observed patterns In other words Weems
(1998) adopted a tectonic mterpretatlon prlmanly because the alternative mterpretatlons
he considered were less compelling, and not because of direct evidence supporting a
tectonic origin.

Weems (1 998) cited two specific examples in support of a neotectonic origin for the fall
lines he identified. Weems (1998) noted that the coincidence of the Nutbush fall line
with the Nutbush fault zone is an assomatlon so intimate that it would appear to be
causal rather than coincidental”. However a spatlal association is not evidence for late
Cenozoic tectonic movement on the fault zone, because juxtaposition of different rock
types with different hardness charactenst(cs by an ancestral fault also would produce
such an “intimate” spatial association.’ Weems (1 998) also interpreted that late
Cenozoic terraces of the Roanoke River are 'deformed by east-down flexure or faulting,.
but based on our evaluation of these terraces (descnbed in Section 3 of this response),
we conclude that changes in the gradlent of the terrace surfaces can be more plaUSlbly
explained by differential erodablllty of the underlylng bedrock than by tectonism.’

2. Validity and Independent Evaluatlon of Weems (1998) Methodology
2.1 Lack of Formal, Con3|stent Cntena o

Although Weems' analytical approach allowed hlm to identify and document changes in -
gradient along streams in the Blue’ Rldge and Piedmont provinces, he did not establish
specific criteria for defining fall zones and fa|l lines. As described in detail below, the
lack of such criteria make it |mpos'5|ble to reproduce Weems' delineation of individual
fall zones, or his correlations of fall zones as laterally continuous fall lines. In partlcular '
his mode! for the lateral contlnuny of fall hnes for. hundreds of kilometers along trend in
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the Blue Ridge and Piedmont provinces is based on subjective assessments of some
steep stream reaches as anomalous fall zones. -

2.1.1 Lack of Formal, Consistent Criteria For Defining Individual Fall Zones.

Although most of the stream reaches ldentlﬂed as fall zones by Weems (1998) clearly
have steeper gradients than adjacent upstream and downstream reaches, many other
reaches with a locally steeper gradient were not identified by Weems (1998) as fall
zones. Examples mclude :

Jackson/James Rivers (Weems 1998 quure 2, Profile’4A). The Blue Ridge fall

line is identified at horizontal distance 170 miles, but two other locally steeper
reaches at horizontal dlstance 292 mlles and 300 miles are not defined as fall
zones.

Staunton River (Weems 1998, Figure 2. Profile 6A). The Blue Ridge fall line is

identified in the each between horizontal distances 220-235 miles, but an

_apparently steeper reach at horizontal distance 272 miles is not defined as a fall

Zone.

Rapidan River (Weems 1998, Figure 3, Profile 2). The Central Piedmont fall line
is identified at horizontal distance 40 miles, but a more prominent, locally
steepened reach at horizontal distance 62 miles is not defined as a fall zone.

South Anna River (Weems 1998, Figure 3, Profile 3). Three locally steepened
reaches occur between the Tidewater fall line and Central Piedmont fall line, at
horizontal distances 38 miles, 48 mlles and 65 miles. These features are not

. identified as fall zones, but they appearto have relief and expression comparable

to that of the Central Piedmont fall line on ‘the Potomac River (Flgure 3, Profile 1),
as identified by Weems (1998).

‘James River (Weems 1998, quure 3 Prot" le 4). Two locally steepened reaches

occur between the Central Piedmont fall line and the Blue Ridge fall line, at
horizontal distances 127 miles and 140 miles. These steep reaches are not
identified as fall zones, but they have rellef and -expression comparable to that of
the Central Piedmont falI line on the Potomac Rlver (Flgure 3, Profile 1).

“Shenandoah River (Weems 1998 quure 7. Profi e 17) A locally steepened
‘reach, Wthh occurs at horizontal distance 130 miles, has relief comparable to j
“that of fall zones identified by Weems on several other river profi iles; however,

thls particular steepened reach |s not |dent|f ed by Weems (1 998) as a fall zone.

In addltlon to not provndlng criteria for what dlstlngwshes a “fall zone from a stream
reach with a steeper gradient, Weems (1998) does not prowde his rational for defining
long reaches of streams with multiple cusps or convexities as a single fall zone. For
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example, Weems (1998) associates a 16-km- long (10 mi- long) reach of the Broad River
with the Blue Ridge fall line (horrzontal distance 87 mi to 97 mi on Profile 14 in Weems,
1998). This reach of the Broad River is characterized by a uniformly steeper gradient
than the reaches directly upstream and downstream. Weems (1998) also associates an
approximately 32-km-long (20- mi-long) reach of the adjacent Green River with the Blue
Ridge fall line (Profile 14 on Figure 2 of Weermns, 1998); however, the fall zone here is
shown as consisting of two discrete steeper reaches separated by a reach with a lower
gradient.

Other examples of multiple steepened reaches belng grouped into a single fall zone
include the Nutbush fall line on the Meherrin River (Weems, 1998, Figure 4, Profile 7),
and the Durham fall line on the Tar and Neuse Rivers (Profiles 9 and 10, respectively,
on Figure 4 of Weems, 1998). On the other hand, the Central Piedmont fall line is
shown as two completely distinct fall zones along County Line Creek separated by a
distance of about 19 km (12 miles; Profile 6 on-Figure 4 of Weems, 1998) In addition,
the multiple steep gradient reaches that have been defined as srngle fall zones by
Weems (1998) can have significant widths. For example the Tidewater fall line on the
Rappahannock and South Anna Rivers (Profiles 2 and 3 on Figure 3 of Weems, 1998),
and the Blue Ridge fall line on the Green River (Proﬂle 14 on Figure 2 of Weems 1998)
have widths between 24 and 32 km (15 and 20 miles).

To summarlze there is inconsistency in Weems (1 998) methodology for dlstlngmshmg
“fall zones” from relatively steep reaches of streams that are not otherwise “anomalous”.
Also, some of the individual fall zones are relatrvely long reaches of streams with
multiple steep reaches. Therefore, we conclude that the “fall lines” are not as well
defined and laterally continuous as depicted by Weems (1998). '

2.1.2 Lack of Formal, Consistent Criteria for Correlating Individual Fall Zones asFall
Lines

Weems (1998) provides no criteria for connectlng individual fall zones into Iaterally
- continuous fall lines. Without such criteria, it is difficult to evaluate the existence of
regional fall lines against the alternatlve hypotheS|s that the fall zones on individual
rivers are not connected or genetlcally linked.

For example, rellef across the Blue Rldge fall llne along streams in North Carollna and
southern Virginia ranges from about 245 m to 610 m (800 ft to 2000 ft). - Rellef across
the Blue Ridge fall line diminishes dramatlcally north of the Dan and Smith rivers. From
the Staunton River northward relief across the Blue Ridge fall line shown on Figure 9 of
Weems (1998) is 61 m (200 ft) or less, and the steepened reaches mterpreted to be fall
zones associated with the Blue: Rldge fall line are very poorly expressed even at the
extreme vertical exaggeratlon of Weems' prot” iles, which ranges from '260:1 (Figure 7in
Weems, 1998), 560:1 (Figures 2, 3 and 4-in Weems 1998), to about 730:1 (Figure 5 in
Weems, 1998).
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In particular, the steepened reaches on the Staunton and Jackson/James Rivers (Figure
2 in Weems, 1998) associated with the Blue Ridge fall line are very poorly’ expressed,
and there is a steepened reach along the Staunton’ River approximately 80 km (50
miles) west of the “Blue Ridge fall line” that is arguably more persuasive as a fall zone
than the one chosen by Weems (1998) on his Profile 6A. Aside from lying generally
along trend, it is not clear why Weems (1998) chose to correlate one steepened reach
of the Staunton River with the Blue Ridge fall line and not the other." Similar arguments
can be made about Weems’ correlations of very modest increases in gradient along the
Dan, Smith, and Catawba Rivers to define a laterally continuous Western Piedmont fall
line in North Carolina, and correlations of modest gradient increases along the
Appomattox and Rapidan Rivers with the Central Piedmont fall line.

The Tidewater fall line of Weems (1998), which has long been recognized as one of the
region’s more promlnent geomorphic features; is deplcted on most geologic maps as a
highly irregular and sinuous trace along the western margin of the Coastal Plain (e.g.,
Horton et al., 1991). Weems (1998), however, depicts the Tidewater fall line and all
other fall llnes as fairly linear features with very low sinuosity in map view. There is
clearly some inconsistency in the cntena used by Weems and other workers to deflne
the Tidewater fall line.

To summarize, there is inconsistency and ambiguity in the correlations of steep or
“anomalous” reaches of streams to define regionally extensive, laterally continuous fall
lines. This implies that the individual fall zones may not be laterally connected as
interpreted by Weems (1998), and thus do not share a common genetic relationship.

2.2  Erroneous Interpretations of Fall Zones and Fall Lines
2.2.1 Misinterpretation of Steep Headwater ReaChes as Fall Zones

In several cases, Weems (1998) identifies abrupt increases in gradrent in the headwater
reach of a stream as a fall zone. Examples include:

» South Anna River (Weems 1998, Figure 3, Profi le 3) The abrupt increase in
gradient at the eastern margin of the headwaters reach (horlzontal distance 96
miles) is identified as a fall zone, and correlated with the Central Pledmont fall
line. e :

= Tar River (Weems 1998, quure 4, Prof le 9). An abrupt mcrease in gradlent in
- the headwaters reach west of the ‘Triassic Durham basin (horizontal dlstance 145
. miles) is |dent|ﬁed asa fall zone, and correlated W|th the Durham fall lme

= Green and Broad Rlvers (Weems 1998, Fiqure 2 Prot" Ie 14) The abrupt
increase in gradient at the eastern margin of the headwaters reach (horizontal -
. distance 90 miles) is identifi edasa fall zone, and correlated W|th the Blue Rldge
fall line.
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= Smith River (Weems 1998, Figure 2, Profile 6B). The abrupt increase in gradient
of the headwaters reach (horizontal distance 253 miles) is identified as a fall
zone, and correlated with the Blue Rldge fall line.

= Meherrin River (Weems 1998, Figure 4, Prot' le 7). The abruptincrease in ,
gradient at the eastern margin of the headwaters reach (horizontal distance 60 -
miles) is identified as a fall zone, and ’correlated with the Nutbush fall line.

These particular steep river reaches are not anomalous because the gradients of all
streams typically steepen dramatically in the upstream third of their profiles, especially
with proxrmlty to the headwaters. The upstream increase in gradient is a loganthmrc

function, and is characteristic of the typical concave longltudlnal profile of a stream. The

logarithmic increase in gradlent with proxrmlty to the headwaters is especially
pronounced by the vertlcal exaggeration in Weems profiles, contrlbutlng to the
appearance of a “fall zone”. Weems (1998) does not explain why these particular
headwater reaches should be considered anomalous and thus characterized as fall
zones. In addition, Weems (1998) does not explaln why steep headwater reaches of
the majority of other rivers in the study area are not considered fall zones.

2.2.2 Steepened Reaches Possibly Created by a Confluence of Rivers
{

Local increases in the gradient of longitudinal stream and valley profiles may occur at
the confluence of two streams. When two rivers merge, the gradient of the natural
concave profile will change due to mcreased dlscharge downstream of the confluence,
commonly producing a steeper gradlent Hence two concave profiles will “intersect” at
the confluence, basically producing a “peak” or “cusp” in the longitudinal proﬁle and a
: locally steeper reach of the stream. In this case, the steep reach is directly related to an
increase in stream power below the confluence, not cllmate or tectonics.
Several examples of “cusps” in the longrtudlnal prot” les that are identified as “fall zones”
by Weems (1998) have been noted mcludrng : :

= The steep reach at horizontal drstance 57. mrles on the Nottoway Rlver (Flgure 4,
Profile 8in Weems 1998) correlates with the Nutbush fall lrne B

= The steep reach at honzontal dlstance 105 miles on the Tar Rlver (Frgure 4,
Profile 9in Weems 1998), correlates w1th the Nutbush fall Ilne .

= The steep reach at honzontal dlstance 140 miles on the Cape Fear Rlver (Flgure
4, Prot' led1 |n Weems 1998) correlates W|th the Central Predmont fall Ilne

Weems (1998) provrdes no descrrptlon or analyses of these reaches that would refute

their relationship to river confluences and support his’ contentron that they are the result
of tectonic movement.
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2.3  Summary

Based on a critical evaluation of the longltudlnal stream profiles presented by Weems
(1998), it appears that there is: :

Inconsistent identification of fall zones among vanous steep reaches of streams;
Inconsistent correlation of individual fall zones to define laterally continuous fall lines;
Erroneous interpretations of steep headwater reaches as “anomalous”; and
Possmly erroneous interpretation of steep stream reaches associated W|th the
confluence of two or more rivers as anomalous “fall zones”.

Although we acknowledge that Weems (1998) has ‘documented numerous reaches with
locally steeper gradients along streams in the Piedmont and Blue Ridge provmces we
conclude that he has not convincingly establlshed the presence and lateral continuity of
numerous “fall lines” west of the well- known Trdewater fall line” in the Coastal Plain.

3. - Evaluation of Evidence Presented bv Weems for Deformatlon of Nottowav River
Terraces

~ The only evidence in support of late Cenozmc tectonrsm cited by Weems (1998)

consists of locally steepened reaches in ‘the longitudinal profilés of Pliocene terraces
along the Roanoke/Staunton Rivers (Frgure 2, taken from Figure 10 in Weems, 1998).
Weems (1998) presents profiles of three Pllocene ﬂuvnal terraces along the
Roanoke/Staunton Rivers that he lnterprets to show down-to-the-east warping across
the Central Piedmont and Nutbush fall lines. From youngest to oldest, the terraces are
located at helghts of about-60 ft, 140 ft, and 200 ft above the ‘modern stream channel
(Figure 2). As depicted by Weems (1998), there i is about 60 ft of structural relief in the
terraces across the fall zones. It should be noted, however that the 60 ft of relief
occurs across a horizontal distance of about 17 mrles Given the extreme vertical
exaggeratlon of Figure 2 (over 500:1), this relief. appears to define a distinct east-facing
warp or scarp in the terraces.’ However, 60 ft of relief in 17 miles is’ equnvalent toan
approxnmately 0.04° change i in the gradlent of the terrace surfaces WhICh |s probably '
not vnsually perceptlble Locahzed dlsplacement on a fault will not produce a sustalned
~ 0.04° increase in gradlent across a horlzontal dlstance of 17. mlles L

Weems (1998) d|d not consxder alternatlve hypotheses to account for the vanatlons in

Triassic Danville basin,“and generally straddles structural boundarles between several
tectonostratlgraphlc terranes delineated by Horton et al. (1 991). From’ |nspect|on of
Weems' 1:100,000- scale 'map of the fall zones and fall lines in North Carolma and
V|rg|n|a the western margin of the Central Pledmont fall line on the Roanoke River is
the western edge of the Danvnlle basm Rocks underlylng the less’ steep reach of the
stream west of the fall zone are gneiss, amphlbolrte and’ metabasalt of the Smith River
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terrane (Horton et al., 1991). The lower-gradrent reach of the Roanoke River east of the

fall zone is underlain by gneisses and minor pelitic schists of the Milton terrane. A 'thin

- sliver of the Potomoc terrane, consrstlng of metamorphosed melange and deformed-arc
oceanic island rocks, lies between the eastern margin of the Danville basin and the
Milton terrane. Thus, the 12-mile-wide fall zone correlated by Weems (1998) wrth the
Central Piedmont fall line is associated with Trrassrc basin sediments and

- metamorphosed accretionary complex rocks and is bounded by metamorphosed
crystalline rocks on the east and west. In’ our opinion, the variable erodability of the
rocks spatially associated with the fall zone provrdes a tenable and more likely

. alternative hypothesis to tectonism. S|m|larly, the Nutbush fault, which is coincident with’

" the Nutbash fall line, forms the tectonic boundary between the Albemarle volcanic arc

terrane to the west, and the Goochland terrane rocks to the east (Horton et al., 1991).
This suggests that the vanable erodability of rocks juxtaposed along this ancient
tectonic boundary, rather than tectonism, could explain the geomorphic observatrons

If the changes in gradient along the Nottoway Rlver are prlmanly due to varratrons in-
rock type, then such variations may be expected to be relatively stable and persistent
durlng progressrve fluvial incision. This expectation is consistent with the relationships
shown in Figure 2. The changes in gradrent are rdentrcal for all three terraces, and
equivalent to the modern gradients of the two fall zones in the stream profile. If the
gradient changes i in the profiles were due to tectonism, then the parallel gradients in
terraces of different ages would mdrcate that the deformatlon post-dates the youngest

“terrace (2.0 million years old) and i is, therefore quite young However, such youthful
deformatron would be expected to produce a sharper- topographrc relief than the 0.04°
gradrent change and would be more clearly expressed geomorphrcally across interfluve
areas. Given the long-term stab|l|ty (post-Mesozoic) of the regional stress field along
the passive margrn of eastern North America’ (Dahlen 1981; Richardson and Redlng,
1991) it seems unlikely that new styles or locatrons of tectonrc deformation would begrn
in the Quaternary. :

If the deflections in the Roanoke: Rlver and Pliocene terraces. represent tectonrc
deformation and the fall lines represent prevrously unrecognlzed active fault zones
deformlng the earth’s surface, -as suggested by Weems (1998), then this lnterpretatron
implies an east-side- down sense of slrp on the causative faults. ‘Given’ ‘the NE-SW .
orrentatron of the prrncrple compressrve ‘stress in the CEUS: (Zoback‘and Zoback, 1989),
it is considered highly’ unlikely that any of the abundant east-drpprng thrust faults within
the Appalachlan crust have been reactivated to form the fall lines of Weems (1998).
East-dipping Appalachran thrust faults would most lrkely reactivate wrth dextral and
reverse components of slip in the ‘current stress regime, rather than'a normal sense of
slip that would be needed to form the down-to-the-east warprng mterpreted from the
terrace proﬁles ‘ - : . . o

To summanze the tectomc explanatlon presented by Weems (1998) for changes in

gradrent of the Nottoway Rlverterraces is not valid because the deformatron would be
characterized by unrform presumably monoclinal tilting of 0. 04° over a horrzontal
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distance of 17 miles, and this is not con3|stent with locallzed deformatlon ona
reactivated Paleozoic fault associated with the Central. Pledmont and Nutbush fall lines.
A non-tectonic hypothesis of formation for the terraces with varylng gradients is more
plausible, and consistent with the modern stream profile. Thus, we conclude that
‘Weems (1998) has not presented’ credible stratlgraph|c or geomorphlc evidence for late
Cenozoic tectonic activity along any of the fall lines. :

4, Independent Geomorphic Analeis

We conducted independent geomorphic analyses of the Tidewater and Central

Piedmont fall lines because these two features lie within the North Anna site v1cm|ty

. (Figure 1). The goals of the analyses were to: (1) confirm the presence and exact
location of the fall lines as fall zones on major rivers; and (2) évaluate geologic and

" geomorphic relatlonshlps to determine whether late Cenozoic deformation has occurred

~ along the fall lines, as postulated by Weems (1998). Similar analyses of the other fall -

lines identified by Weems (1998) were not performed because these features lie outside

the 25-mile-radius of the ESP site vicinity (Flgure 1)

4.1 Tldewater Fall Line

To assess the presence or absence of Quatemnary tectonic activity along the Tidewater
fall line, a detailed long|tud|nal profile of the Rappahannock River was prepared across
the fall zone at Fredencksburg (Flgure 3). 'In addition, elevations were plotted of
remnants of a regressive late Pliocene marine sand (Unit Tps of Mixon et al., 2000),
which cap upland surfaces of the inner Coastal Plain i in northern Virginia, and
specifically underlie the flattish, accordant summit surfaces north and south of the
Rappahannock Rlver upstream and downstréam of Fredencksburg (Figure 3).,
Although there is some scatter i in the. elevatlons of the Tps remnants on the proﬁle they
generally define an east—slopmg ‘'surface w1th a constant gradient that crosses the
Tidewater fall zone on the Rappahannock Rlver without obvious east-down deﬂectlon
Therefore, the Tps unit does not appear to be deformed across the Tidewater fall l|ne at
Fredericksburg. The gradlent of the Tps surface is similar to that of the modern -
Rappahannock River upstream of the fall zone. 'If this mterpretatlon that the Tps unit i is -
not deformed is correct, then development of the fall zone in the river, which clearly
postdates deposition of the Tps unlt ‘must be due to non-tectonlc geomorphlc
processes : :

While acknowledgmg that there lS uncertalnty in the elevatlons of the Tps umt (as
representedina qualltatlve manner by the scatter in the points plotted on Flgure 3), the"
total vertical scatter in the Tps elevatlons on Figure 3 of about 12 m (40 ft) is similarto -
the total relief on the Holocene channel of the Rappahannock River across the fall zone
of about 15 m (50 ft). Although itis’ dlff cult to estimate original topographlc rellef across ~
the fall zone with precision because a dam has been built at the top of the fall zone -
(F|gure 3), the helght of the fall zone appears to be comparable to or greater than the
maximum scatter in the Tps elevatlons If the fall zone'is a scarp formed by east—snde-
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down displacement along a fault, the height of the fall zone would be expected to be a
~minimum bound on the vertical separation, because fluvial erosion would act to lower
the escarpment. The river flows at a high angle to the fall zone, and thus it i is not
plausible that fluvial erosion would enhance or increase the relief across the scarp. The
present location of the river channel below the Tps unit indicates that the magnitude of
total incision and downcuttrng since deposmon of the Tps unit is about 60 m (200 ft),
which is about four times the present helght of the fall zone. These relations strongly
imply that, if tectonic, then the fall zone escarpment must have been formed by
significantly more than 15 m of vertical tectonic separatron Based on the prof' ile of the
Tps remnants, however, it is not credible that 15 m or more of post—Pllocene east-down
vertical separation has occurred, even within the uncertainty (about 30 ft) of the
elevations of the Tps remnants.

We also profi led the South Anna River to better understand the srgnrﬁcant width of the
Tidewater fall line depicted by Weems (1998) and the location of lithologic changes N
along the profile (Figure 4). The Tidewater fall line defined by Weems'(1998) extends
nearly 18 miles and includes a promlnent steep fall zone east of the Taylorsvrlle basin
and a more subtle gradient change near the eastern margin of the basin. It is not clear’
why Weems (1998) interpreted these multlple gradlent changes as a single fall zone
and not two distinct and different fall zones. A strong correlation between bedrock
Irthology and gradient can'be observedon this profile (Figure 4). The steepest reach of
the river corresponds to the portion ﬂowmg across the Petersburg granite (Mpg)
Directly upstream, the river gradient across the mylonltlc rocks of the Hylas shear zone
(PzHy) is steeper than the portion of the stream underlain by undifferentiated
metasedimentary and metalgneous rocks (PzZu) The Coastal Plain portion of the river
~(downstream of the confiuence with the ‘North Anna Rlver) exhibits the gentlest gradlent .
and is underlain by Potomac Formation (Ky)-and alluvium (Qal). The river gradient is
demonstrably different on either side of the rocks of the Taylorsville basin. . The strong -
correlation between gradlent changes across five reaches of the river and contrastmg
rock types appears to support a non-tectonlc mterpretatlon for the formation of the
Tidewater fall line. Near the eastern margrn .of the Taylorsville basin, the gradlent
change or fall zone is likely a function of two additional factors: (1) the increase in
stream power at the confluence with the North Anna Rlver and (2) Pliocene coastal
processes. Ll

To summarize, a profile of the Pllocene Tps unlt shows ho deformatron across the -
Tidewater fall line at the Rappahannock River (Figure 3). There is also a very strong
correlation between variations in rock type and gradient changes in the South Anna_. -
River profile (Flgure 4) that strongly suggests the Tidewater fall line formed as a result
of variable erosion across rocks of varying hardness We conclude therefore, that the
fall zone formed by non-tectonlc geomorphlc processes
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_ 42 Central Piedmont Fall Line

‘Weems (1998) cites “anomalous gradlent-to bedrock hardness” relationships in the
Triassic Culpeper Basin along the Rappahannock and Rapidan Rivers asevidence that
the Central Piedmont fall zone and fall line are not controlled by dlfferentlal bedrock
erosion. Specifically, Weems (1998) states:

..the toe of the Central Piedmont fall hne is anchored along the eastern edge of
the Culpeper basrn so that the basrn rocks support the steepened gradient.

Based on analysis of geologlc and topographrc maps, as well as detailed proﬂllng of the
Rappahannock and Rapidan Rivers in this region, this’ assertion appears to be incorrect.
The fall zones along the rivers occur in Jurassrc igneous and Paleozoic metamorphrc
rocks east of the basin, and not wrthln the Triassic’ basin sediments. The relevant-
-geologic and geomorphic relatlons are descnbed in detall in the following paragraphs

On the Rappahannock River, the fall zone that Weems (1998) associates with the

Central Piedmont fall line occurs about 1 km west of the eastern Culpeper basin

boundary, just upstream of Kellys Ford (Germana Brrdge 7.5-minute quadrangle). The
western two-thirds of the fall zone is underlain by Jurassic diabase intrusive rocks

(Figure 5), which crop out extensively in the eastern Culpeper basin (Flgure 6). As .
noted by Weems (1998), the diabase rocks * can be very resistant to erosion where they
are not pervasively fractured.” .

Based on these relations, the drabase is mterpreted to be more res:stant to erosion than
the basin sediments, and is acting asa bedrock “sill”, which controls the base level of

. erosion in the basin to the west. Because rlvers erode headward, the Rappahannock i is
only able to incise its channel in the’ basrn as rapldly as it can erode through the diabase
.along its eastern (downstream) margin. If the Triassic basin sediments are softer and

* less resistant to erosion than the diabase; then the river will tend to cut laterally back
and forth in the basin upstream of the dlabase producrng an area of low relief and low
gradient upstream of the fall zone.

Slmllarly, a detailed longitudinal prof le of the Rapldan Rlver (Figure 7) : shows that the .
fall zone associated by Weems (1998) wrth the Central Piedmont fall line. occurs entlrely
- within Paleozoic’ metamorphlc rocks that are juxtaposed agalnst the Triassic basin
'S sediments by the Mountain Run fault zone." “This'is contrary to Weems (1998) assertion
“that “the rocks at and upstream of the anomaly are softer than the rocks below the _°
anomaly” (i.e., the locally steeper reach of the stream) ‘As wnth the Rappahannock
River, the Paleozmc rocks that support the steeper gradrent appear to control the local
base level and’ are the limiting factor in the rate at which the Rapidan River can erode -
~headward and incise its channel in the Trlassrc basin sedlments The lower gradientin
~the basin upstream of the Paleozoic rocks (Flgure 7) may reflect lateral planatlon by the -

Rapidan River. Thus the’ observed changes |n gradlent along the Rapidan River do not
-
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require a tectonic explanation, and in fact, contrary to Weems (1998) assertion, appear
to be related to differences in bedrock l|thology

Other geomorphic relations along the eastern margln of the Culpeper Basm are contrary
to the interpretation of late Cenozoic east-side-down tectonic deformation along the
‘Central Piedmont fall line. The eastern Culpeper basin is bordered by higher rldgellnes
and hills that form a broad, northeast-trendlng northwest-facmg escarpment along the
Mountain Run fault zone (Figure 8). Parts of this escarpment are recognized as “Kellys
Ford scarp” and the “Mountain Run scarp”. Elevations of the floor of the Culpeper -
- basin, estimated from 1:24,000-scale topographlc maps, range from about 290 ft to 320
ft. The elevations of the summit ridges and hills ‘comprising the top of the escarpment
_range from about 380 ft to 410 ft, indicating about 100 ft of down-to-the-west
topographic relief across the Central- Piedmont fall line. This is opposite to the east-
S|de-down sense of tectonic dlsplacement inferred by Weems (1998) to create the fall
lines, or gradient increases along the Rapldan and Rappahannock Rivers as they exit
the basin. . ,

To summarize, the increased gradients along the Rapldan and Rappahannock Rivers
as they exit the Culpeper Basin are associated thh Jurassic i igneous rocks and
Paleozoic metamorphic rocks, not Tnassnc basm sedlments as stated by Weems
(1998) The crystalline rocks appear to actas “sills” to control the local base level of the .
rivers and promote lateral planation in the basin_ upstream The observed increase in
gradient as the streams leave the basin, ‘therefore, is explalned by differential erosion of
bedrock without mvoklng down-to-the-east tectonlc deformation along the Central
Piedmont fall line, and such deformation is not consnstent with the presence of the broad -
northwest-facing escarpment that borders the eastern margin of the Culpeper basin.

5. Explanation of Reference in SSAR to Crone and Wheeler (2000)

In the SSAR, it was assumed that the fall llnes from the Weems (1998) study were
included in the later compllatlon of suspect Quaternary tectonic features by Crone and
Wheeler (2000). The absence of the fall line features from the Crone and Wheeler
(2000) compilation was interpreted to'mean that the features were evaluated, but not
considered to represent suspect Quatemary features and thus did not represent

_ capable tectonic sources. .

/

.out that they had not reviewed the Weems (1998) study dur|ng their compllatlon effort.
Therefore, no inference should be drawn from’ the absence of the fall lines in the Crone
and Wheeler (2000) report “The SSAR will be'revised to clanfy that the Croneand
Wheeler (2000) reference cannot be used to charactenze the fall lines’ det" ned by
Weems (1998). R % :
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6. Summary

Based on a critical evaluation of Weems (1998) work as well as an rndependent
analysis of the Central Piedmont and Tldewater fall lines within the Site Vicinity, the “fall
lines” described by Weems (1998) are not as well defined and Iaterally continuous as he
depicts, and in fact lack geomorphlc expressron typical of Iaterally continuous,
tectonically active faults and folds. For. example,’if mdrvrdual fall zones are created by
down-to-the-east warping or fault dlsplacement then better expressron of warping or
faulting in the interfluves would be evrdent because fluvial erosion by streams would
tend to eradicate evidence of faultlng In general however, this is not observed in the
Piedmont and Blue Ridge provinces. In the specific example of eastern Culpeper basin
evaluated for this study, the existing topographrc escarpment faces west, opposite the
direction predicted by Weems (1998) tectonic model for.formation of the fall zones.
Although the escarpment is lnconsrstent wrth Weems (1998) tectonic model, it is
consistent with the differential erosion of the Tnassrc Culpeper Basrn strata relative to
the metamorphlc Paleozoic rocks to the east. Slmrlarly, there is no east-facrng
escarpment expressed in the remnants of the Pliocene Tps unit along the Tidewater fall
line, which would be expected if the fall zones on rivers like the Rappahannock are
formed by localized east—srde-down folding or faultrng

Based on our evaluation of stratrgraphlc structural and geomorphlc relations across and
adjacent to the fall zones descnbed by Weems (1998), therefore we conclude that:

= There is no positive evrdence for a neotectonrc origin of-mdrvrdual fall zones;

» Thereis posrtlve evidence for no Quaternary deformatron across the “Tldewater
fall zone”; and :

* Regional geomorphic relations: provrde mdrrect evidence for no east—srde down
_ »deformatlon along the "Central Pledmont fall lme adjacent to Culpeper Basin.

Therefore differential erosion due to varrable bedrock hardness appears to be a more
plausible explanation for the formatlon of mdrvrdual fall zones than Quaternary
tectonrsm : o :
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Applrcatlon Revrsron

The thrrd paragraph of SSAR Section 2.5.1.1 .4.c.4 “Quarternary Tectonlc Features

~ will be revised to read as follows

In 1998 Weems defi ned and named seven fall lrnes across the Predmont and
- ~Blue erge Provrnces of North Carolina'and V|rg|n|a ‘These fall lines are based
“onthe alrgnment of short stream segments with anomalously steep gradlents
'r-»f’_Weems (Reference 70) explores possrble ages and origins (rock hardness,
- climatic, and tectonic) of the fall lines and “based on limited available evidence
L favors a neo—tectonlc ‘origin” for these geomorphrc features durlng the = -
B 7Quaternary ‘A review of Weems”. study (Reference 70) reveals that no dlrect
evidence is presented for a neo-tectonic origin, no formal consrstent cnterra are
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used to define the fall lines, and geologic: and geomorphlc observations along
some of the fall lines actually demonstrate’ either a lack of tectonic actlwty ora
strong correlation to changes in bedrock lithology. Therefore these features
postulated by Weems (Reference 70) are not considered to represent capable

tectonic sources.
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a7

Figure 1. Approximate locations of fall lines proposed by Weems (1998). From east to west the fall lines include the Tidewater Fall
Line (TFL), Nutbush Fall Line (NFL), Durham Fall Line (DFL), Central Piedmont Fall Line (CPFL), Western Piedmont Fall Line (WPFL),
Blue Ridge Fall Line (BRFL), and the Great Smokey Fall Line (GSFL).
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6. ROANOKE/STAUNTON
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Figure 2. Profiles of three late Cenozoic terraces (B, C, and D) of the Roanoke River (from Weems, 1998), BRFL = Blue Ridge fall line;
CPFL = Central Piedmont fall line; NFL = Nutbush fall line; TFZ = Tidal Fall Zone.
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Figure 3. Longitudinal profiles of the Rappahannock River and the Pliocene Tps unit across the
Tidewater fall line at Fredericksburg. The Tps surface has a constant gradient and extends
across the fall zone in the river without obvious east-down deflection.
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Qal Pleistocene terrace deposits and Holocene alluvium
Kp Potomac formation (Cretaceous)
BN Newark supergroup, undivided; deposits of the Taylorsville Basin (Triassic)
PzHy Petersburg Granite (Mesozoic)
Mpg Hylas Zone Clastic Rock (Paleozoic)

PzZu Metasedimentary and metaigneous rocks, undifferentiated (Paleozoic)

Figure 4. Longitudinal profile of the South Anna River across the Central Piedmont Fall Line (CPFL) and Tidewater Fall Line (TFL) of
Weems (1998), Geology from Mixon et al. (1989).
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Trmu Manassas Sandstone (Triassic)
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oemivV, oemill- Mine Run Complex (Ordovician-Cambrian)

Figure 5. Longitudinal profile of Rappahannock River across eastern Culpepper Basin margin showing faults in red. Geology from
Mixon et al. (2000).
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Figure 6. Part of the geologic map of Mixon et al. (2000) covering the eastern Culpepper Basin, draped over topography (USGS DEM
with 30x vertical exaggeration). Triassic Culpepper Basin rocks in blue and green; Jurassic diabase is light bluish gray with red
pattern. Paleozoic rock of the Piedmont in shades or red and purple. Note northwest-facing escarpment along the Central Piedmont
fall line of Weems (1998), underiain by Paleozoic rocks.
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Figure 7. Longitudinal profile of Rapidan River across eastern Culpepper Basin margin showing faults in rad and fold axes in green.
Geology from Mixon et al. (2000).
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Figure 8. Oblique view to the southeast of topography (USGS DEM with 30x vertical exaggeration) along the Central Piedmont Fall Line
(CPFL) of Weems (1998), at the latitude of Culpepper Basin. Note the broad, northwest-facing topographic escarpment along the fall line.

63

clb




Serial No. 04-270
B Docket No. 52-008
Response to 4/15/04 RAI Letter No. 3

RAIl 2.5.1-4 (NRC 4/15/04 Letter)

In SSAR Section 2.5.1.1.4, Domlnron concludes crtlng Crone and Wheeler
(Reference 59), ‘that neither the Hylas shear zone nor the Lake of the Woods
thrust fault are capable tectonlc sources statrng, “there is'no geomorphlc v
‘expression, historical seismicity, or Quaternary deformation along either the
Hylas shear zone or Lake of the Woods thrust fault (Reference 59).” -Please
provide an explanation of how the information in Crone and Wheeler (Reference
59) forms a basis for this conclusron

Resgonse

Crone and Wheeler (2000) provrde a compllatlon and evaluatlon of Quaternary faults,
liquefaction features, and possible tectonic features in the Central and Eastern United
States. They do not list the Hylas shear zone or.the Lake of the Woods thrust fault as
suspect Quaternary features, nor do they explrcrtly describe either of these two
structures.

Our conclusion that there is no concentratron ‘or allgnment of hlstorlcal seismicity,
geomorphic expression, or Quaternary’ deformatlon on these faults is based on review
of published literature and historical selsmrcny performed during this mvestrgatron ‘Our
review of the literature did not reveal’ ‘any information published since 1986 that would
indicate potential Quaternary actrvrty of the faults “The publrshed literature describes the ,
faults as Paleozoic structures with: mylonltlc shear textures rmplylng ‘that the faults
formed at deep crustal levels and that their current surface exposure is the result of
exhumation. As reported in the SSAR, the Hylas shear zone also borders, in part, a
Mesozoic basin suggesting that the fault may have been reactivated in the Mesozorc

There is no reported selsmlcny attnbuted to the Hylas shear zone or the Lake of the -

Woods thrust fault in the publrshed I|terature Based on the review of EPRI and post- .
- EPRI seismicity performed for the ESP, there is also no alrgnment or concentratlon of -
-sersmrcrty associated with either of these two fauilts. . :However, the presence of dlffuse
_scattered seismicity within the CVSZ makes it difficult to preclude with certalnty that a
- few small, individual events are not spatlally associated with any of the several east- -
dipping thrust faults and shear zones within the Appalachran crust, such as the Hylas '
shear zone and Lake of the Woods thrust fault :

References A
Crone A. J. and R. L. Wheeler 2000 Data for Quaternary faults llquefactlon features
" and p053|ble tectonic features in_the Central ‘and Eastern United States, ‘east of the

" Rocky Mountain front, u.s. Geologlcal Survey Open -File Report 00- 260 (Reference >5"9
of SSAR Section 2.5).
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Application Revision

The second to last paragraph of SSAR Sectron 2.5.1 .1.4.c.1 will be revised to read as
follows:

Between 5 and 25 miles from the SIte the Hylas shear zone, Mountain Run fault
zone, and Lake of the' Woods thrust fault are promlnent structural features.

. These structures exhibit mylomtlc textures, indicative of the ductile condrtrons in
which they formed during the Paleozoic Era. The Hylas shear zone, for. example
comprises a 1.5-mile wide zone of ductile shear fabric and mylonrtes ‘and was
active between 330 and 220 million years ago based on the presence of
mylonitized and unmylonltlzed mtruswe rocks across the faultzone :
(Reference 60). The Hylas shear zone and Mountain Run fault zone also Iocally

-border Mesozoic basins and appear to have been locally reactivated during
Mesozoic extension to accommodate growth ‘of the basins. The Mountain Run .
fault zone exhibits geomorphic expression suggestlve of potential Tertlary or
Quaternary reactivation. The Mountam Run fault zone is discussed in greater
detail in this section under Quaternary Tectonlc Features Based on review of
pubhshed literature and hlstoncal se:smrcrty, there'is no reported geomorphrc ‘

: expression, historical sensmncnty or Quaternary deformation along either the -

- Hylas shear zone or Lake of the Woods thrust fault. Diffuse, scattered seismicity

_oceurs throughout the CVSZ, but is not spatially concentrated or allgned with

_-either of these two structures. Crone and Wheeler (Reference 59) provide a
compilation and evaluation of Quatemary fault, liquefaction features, and
possible tectonic features in'the ‘Central- and Eastern United States. They do not
show the Hylas shear zone or the Lake of the Woods thrust fault as suspect '
Quaternary features. These structures are not consrdered tobe capable tectonic
sources. o
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2.5.2-2 (NRC 4/15/04 Letter)

SSAR Section 2.5.2.6.6 states that new ground motion models were used to- ,
characterize the seismic hazard and determine the Safe Shutdown Earthquake
(SSE) spectrum for the ESP site: Accordlng to the SAR, the new ground motions

- are based on the 2003 EPRI-sponsored study (Reference 1186), which considers
13 different ground mation relations. AS stated in SSAR Section 2.5.2.6.6, -
differences between the ground 1 motlons from the 2003 EPRI study and the 1989

. EPRI report are substantial, with the new ground motions as much as 55% - -
higher for spectral accelerations at. 10 Hz. To allow the NRC staff to fully assess
the new ground motion modeling presented in the 2003 EPRI study, the followmg
information is needed.

'2.5.2-2 Part a)

- a) Please provide hazard curves for 2 5and 5 Hz spectral acceleratlon A
_similar to those provided in the SSAR for 1Hz (Flgure 2.5-45)and 10 Hz
(Flgure 2.5-44).

Resbbnse to Part a)

The requested hazard curves are prowded |n Flgures 1 and 2 on the next 2 pages. :

These curves were calculated just as were the 1Hz (Flgure 2. 5-45) and 10 Hz (Figure

2.5-44) curves of the SSAR except that attenuatlon relatlonshlps appropnate for 2.5 Hz
~and 5 Hz ground motions were used ' o



Annual Frequency of Exceedance

Serial No. 04-270
Docket No. 52-008
Response to 4/15/04 RAI Letter No. 3

1.E-02

1.E-03 -

1.E-04 |

1.E-05 |

1.E-06 -
] 1
] @
. A Y
1.E-07 + —=$~—=1989 ground motion, mean 5
| = ©©= 1989 ground motion, median < \
===fr—=2003 ground motion, mean v
1| = &A= 2003 ground motion, median 3
1_E-08 T T r|111|§ T T 11[[11@ T T | s o i st
0.01 0.1 1 10

2.5 Hz Spectral Acceleration (g)

Figure 1. Sensitivity to ground motion model, 2.5 Hz
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RAI 2.5.2-2 Part b)

“b)

Please provide a copy of the followmg two documents: Silva et al. (1997)

. “Description‘and validation of the stochastic ground motion model”,

submitted to Brookhaven National Laboratory (BNL) and Silva et al. (2002)
“Development of regional hard rock attenuation relations for Central and
Eastern North America.”

Response to Part b)

Copies of the following documents are enclosed |n the attached compact dlSC (CD)

= Silva, W., N. Abrahamson, G. Toro and C. Costantlno (1 996) Descnptlon and
Valldatlon of the Stochastic Ground Motion Model, Pacific Engineering and
Analysis report, prepared for.the Englneenng Research and Appllcatlons
Division, Department of Nuclear Energy, Brookhaven National Laboratory,
Associated Universities, Inc., Upton New York S

= Silva, W., N. Gregor, and R. Darragh (2002) Development of reglonal hard rock
attenuatlon relations for central and eastern North Amenca Pacmc Englneenng
and-Analysis report,
http://www .pacifi cenglneenng orgICEUS/Development%200f%20Reglonal%20H
ard_ABC.pdf )

2.5.2-2 Part c)

c)

Chapter 2, “Ground Motlon Mode! Development,” of the 2003 EPRI study
(Reference 116) descrlbes the development of the ground motion models,
and Table 2-2 in Chapter 2 shows the placement of each of the’13 ground
motion relatlonshlps into 4 groups ‘Page 2-6 of the 2003 EPRI study S
states that “the model welght was based on the variance betweena™ - ..
model's predlctlons and the available ground motlon database Please ‘
describe the data (i.e., earthquake dates, magnltudes ‘source- recelver
distances, frequencres site’ condltlons) used to determine the welghtlng of
the models within each group or cluster. Also;’ please provnde the welght ‘
assigned to each of the 13 ground motlon relatlonshlps within thelr ‘
respectlve group or cluster : o

Response to Part c)

r_,.

Table 1 describes the data used {o determlne the model welghtlng Table 2 shows the
weights assigned to each of the 13 ground motion relatlonshlps The information in -
these tables was provnded by M. McCann a prlncrpal mvestngator for the EPRI (2003)
ground motion report. ,
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Table 1. Eastern North America Rock PSA

'Evént Vs Mag it Rhypo‘ o ‘Flv'.ec 'u'e<1jcy‘(‘Hz) |
Date : Name ~|CEQ#. | M |- kmeo (1 | 5] 40| 20 | 25| PGA-
3/1/1925 Charlevmx Quebec, CAN" |- 1 | 64 | 862 [|.* : : o
3/111925 " M 6.4 |- 960 -*
1111935 Timiskaming, CAN 2 -6.2° |- 428 *
1111/1835 " 2 62| 616.1(*
111/1935 . " 2 6.2 783 | *
11/1/1935 " 12 © 6.2+ - 861 *
11171935 " ' .2 6.2, 1 869 *
" 9/5/1944 Cornwall (C/r\\lh\l() Massena, 3 58 389 | *
9/5/1944 3 5.8- 599 . *
9/5/1944 : " - 3 -.'58 698 * . .
3/25/1976 New Madrid, MO 4 46: ]| 15048 | * | *{ * | . * *
1/19/1982 Franklin Falls, NH 5 43| 6269 | * | * | * O I
1/19/1982 " - 5 43.7 7605 | * | *| * * *
1/19/1982 " 5 1 43| 2154 | * |-~ | *
1/19/1982 o " "5 |43 |.-3236 L N
1/19/1982 " 5 431 389 N N B
" 1119/1982 ' " 5 ' 43 | 537 .| *|[*1| "
1191982 L " : ‘5| 43: | 7244 f * | * | * 5 C
3/31/1982 ~ New Brunswick (A13) . 6 .40 ) 408 | * |-~ || * *
3/31/1982 ; o 6 |40 | 566 || * b
3/31/1982 , “ 6 - 40 | 572 2 o
10/7/1983 - Goodnow, NY 7 |- 50 | 1434 | * |+ |
10/7/1983 - " T 50 7] 1804 | * | * | *
10/7/1983 - Co 7 50-°f 1987 .| * | * | "\
10/7/1983 : . 27 | oso |r2ass | o [+~ ]
10/711983 o " 7..1.50-. 257 o v
10/7/1983 I -7 .50 -309 i p vt
10/7/1983 S A TT7 ] 5.0 S 13236 e R
10/7/11983 L e o7 | -507] 3388 <) x| X o
10/7/11983 : S 7} 5.0 501.2 | * p.=a '
10/7/1983 . B TR L) 50 0 |05623 ) | il .
10/7/1983 : oy M T s 7 ] 16006026 )t e e )y
10/7/1983 DT e e et g o 500 ] 188 e o e
10/7/1983" R S S 7.} -i50 16918 | ] * | N B
10/7/1983 L T 8.0 TAB I e e e
10/7/1983 . e T T 50 7| 7762 . .* | *ro)e
10/7/1983 S A 7 250 | 8318 | o r e b e e
11/9/1985 "Nahani, CAN (F1) - '8 46 | 1882 | * | * | * IR R I

70



Serial No. 04-270
Docket No. 52-008

" Response to 4/15/04 RAI Letter No. 3

Table 1. Eastern North America Rock PSA

7 Event Mag Rhypo '77"-Ffec9e‘h<4:’y(HZ')ﬁA'

- -Date Name ‘EQ#-|" M| km | 5110 ]|.20 | 25 | .PGA
12/23/1985 Nahani, CAN 9 7| -67-|--983 |+ || * S BRI
12/23/1985 " : 9|67 |[.068 - || e
12/23/1985 . " "9} 67 :[~2338 | *~ | * | o *
12/25/1985 Nahani, CAN (A1) ‘10 | "5.0- 1888 | * |+ |* T *
1/31/1986 Painesville, OH 11 | <48 | 2090 |.* [*] *

1/31/1986 . A1 |48 | ‘5248 | * b |

.1/31/1986 " 11| 48 5888 | * |~ | *

1/31/1986 - 11 48 .| 6026 [-* | * | *

1/31/1986 . 11 48 | 14134+ |+ ¢
113111986 . 11 -|-48:7| 7762 | * | *

1/31/1986 . 11" 4.8 ] 8511 L I

1/31/1986 " 11 . 48| 8711 | * |~ | *

7/12/1986 St. Marys, OH 12 | 45 -|. 794 L I

7/12/1986 " v12| 45+ 832 |+ ]|

7/12/1986 " 12| 45 | 884 o I

7/12/1986 " 12°.|" 45 =} 891 ]

7/12/1986 " 1.-12. |45 ] 959 LA A ¢

11/23/1988 Saguenay, CAN(F1) | -13 | 45- 10033 | * | * | * : *
11/23/1988 . 13| 4577 10698 * | * | * *
11/23/1988 . 13} 45 -] 11878 | * [ * | * : *
11/23/1988 " .13 2| 45| 12558 | * |+ | * *
11/23/1988 " A3 48 12734 | 2 L+ | ¢ *
11/23/1988 " 13 )42~ 11283 | | v+
- 11/23/1988 " 13 |.+45° | 19858 | * | *| * . *
11/23/1988 . 13| 42 | 2023 |+~ [+ ]+

11/23/1988 . | 13 42 |23 ) v | ¢

11/23/1988 . 137042 213146 |2 | |-

11/23/1988 1842 | 3466 | < |

11/23/1988 . =13 7| :42 i 3903 )t | v
11/23/1988 " 13 42 .- -4602 ot vt
11/23/1988 " 11372, 742- | "467.8 [ = || i -
"11/23/1988 . e 130 42| 4736 | 2|
11/25/1988 - - Saguenay, CAN 1.514 | 59| . 70.35-§ * [* |.* o *
11/25/1988 ' oo k14089 | 978 o ] e *
11/25/1988 ol o4 f r59 L 10134 2t *
11/25/1988 147 59 0 113.08°( * | -* o *
11/25/1988 14 |:.:59 | 11756 * | * s *
11/25/1988 "- “14 -} 59 | 41811 | * | *-| .+ - *
11/25/1988 " 14 '59--1 13253 | *.1*] * *
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Table 1. Eastern North America Rock PSA

Event

" Mag. | Rhypo (—frequency (Hz)
SOoMes) o Ckmo g 5110 | 20| 25| PGA

Date Name - EQ# |- !
11/25/1988 o J-14 7). 569 ) 19695 o v} > ]k -

11/25/1988 . 14 |- 69 fasro |+ [« -1+ =

11/25/1988 ' " 14 59| 36077 |-+ | * ] * o *

11/25/1988 " : ‘14 | 59 -] 47229 -} * * = | e .

11/25/1988 " 4 | 858 | 513 |~ 1-1-1 1

11/25/1988 " 14 .68 7 708 | *t*| *-|

11/25/1988 o , -14 -1 ~.59. '].794.97 R B TR RURE B o

11/25/1988 - " . 14 | 58:°|: 977 A I

11/25/1988 " - 14 -5.8° .1 1122 et

11/25/1988 " | e ] s rs [ ]

11/25/1988 : " 14 ] 58 |-175 | |t ¢

11/25/1988 " -14.«| 58| 1259 e e

11/25/1988 " 14768 | 1514 jor | 2| -

11/25/1988 " : 14 )--'58 ¢ 177.8 | | *} o*

11/25/1988 ! - 14--}°758 | 3135 o

11/25/1988 " | 14 |58 ] 3325 [ ||t

11/25/1988 " . 14 -] 58 .| 389.2 i e

11/25/1988 . ! | 14+ .58 |.391.2 b A

11/25/1988 " 14- |58 1..468 ‘| [:* | *

"11/25/1988 " ] =14 :5-7.58 | 4718 |0t || ™

11/25/1988 " 14':2|..58. .| 537 i e

11/25/1988 " © 1477568 7 |. 5495 W

11/25/1988 o " o 147268} 707.9 - || *

4/27/1989 - - ‘New Madrid, MO A AT 749 | ) e S

9/26/1990 ' Cape Girardeau .. - | . 1677 %47 2| =~47.73 N (R I IR I
10/19/1990 | Mount-Laurier Quebec, CAN '| 7175 | =457 - 269--| . % | * | * |- :

10/19/1990 BRI R [ ¥ Ak DY XS I ¥ 4% I I S
-10/19/1980 S T | T R 48] U123 )

10/19/1980 " o A7 451698 s ) | -

10/19/1990 | - s " R R T A T R ET T E R R L

10/19/1990 o " o AT 46 0 2188 T o

10/19/1930 " ST A8 | 40787 e | e i R

10/19/1990 . " o EAT i ae 41889 o | v o | s "

10/19/1990 " R T ] 046 7043743 x| | B

10/19/1990 M AT 5 46 | 43749 | N

10/18/1990 S IR ST i 46745648 e | s

10/19/1990 m e arn e | taeee8 |l [ o[ ]

10/19/1990 | S | a5 | aerr | |

5/4/1981 ~ New Madrid, MO - - 18|44 11422 2 | o I B B



. Serial No. 04-270
- Docket No. 52-008
Response to4/1 5/04 RAI Letter No. 3

Table 1. Eastern V‘Ndfrth:'gmerica Rock PSA"

. Event oo s e Lo Frequency (Hz)

“Mag.” - -Rhypo

Date . Name . - -|'e@#] M- |“km |1 |5|10] 20 25| PGA"

' -~ Temiscamingue Region, P R RS Y R
1/1/2000 " Quebec, CAN | 19 | 47 22.7 1*

1/1/2000 I 47 | 1412 | * || |+

1/1/2000 ) " 4T '228.5 LA IR L I I

17172000 A - a7 | 2354 | * || |~

1/1/2000 ' v 47:. | 2928 | * |+ | * | *

1/1/2000 ) - “347 0| 293.9 PN PR R O

1/1/2000 " . 4.7 - 340'9 * * * o

1/1/2000 . " 47 | -394.7 R I P R S

1/4/2000 " |47 4338 | * LIRS * -

1/1/2000 " wlriar o 4686 | vl |t

1/1/2000 : " =47 | 5411 i R I A IR B

1/1/2000 v |47 ] :591.8 bl IRl A o ISR IR

1/1/2000 . " 4.7 | (6474 i S IR B

1/1/2000 " | 747 | 654.4- = | . .

1/1/2000 : " 4_7 S ) 662.7 * 'n- * | -«

17112000 " 47| 67134 | = |~ .~

1/1/2000 ' " 47 -] - 678 i *

- 1112000 ) » AT ,_:689.5 R ERES

1/1/2000 . A:ca7- 7033 | « |+ « |+

1’1,2000 P. f: ‘4_7 808.3 L * - * .

1/1/2000 , " 4.7 -] 8303 * | w | o« | e

1/1/2000 - 47| 8512 N EE

1/1/2000 " 47019102 | ot )t

1/1/2000 " T 0 B N <) KRN B APl AL I

1/1/2000 : 5 By RV R 72 % 2 IRCL A B RO I

4/20/2002 'Au Sable Forks, NY ~0x 2| =

R B R N R

4/20/2002 v 5.0 ~°110 EE ER IR D

4/20/2002 e =780 144 | ol ] ]

"4/20/2002 o L Sl s | q920 e el A e T

"4/20/2002 - R B T ..5.0|" 280 - o N e -

" 4/20/2002 R

50 |37 o e e o e

4/20/12002 |- " |+5.0 )840 STl T i

4/20/2002 : " =50 897 ol o

4/20/2002 e . “r50 |- 988 ol 2
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Table 2. Ground Motion Attenuatlon Model Welghts in Each Cluster

Cluster. : _ A :
__No. S ,ModelType - - Models - AWelghts.
1 Spectral, Single Corner }Hwang&Huo [1997] - o |l - 0.037
' ' ‘ 'Srlva et al. [2002] SC CS . 0.192 '
Sivaetal. [2002)-SC-CS-S .| 0148
Sllva etal [2002] SC-vsS ‘ - O.SSQ
| Toroeta. [1997] | o020
_ Frankel etal. [1996]) © . - | o003a
2 Spectral, Double Comer = Atkinson & Boore [1995] 0.714
Silva et al. [2002] DC 1 0154
|'siva et at. (20021 DC-S | | 0132
3 Hybrid ~~ g ’Abrahamson&Sllva [2002] STl 0338
' -Atklnson [2001]&Sad|gh etal. [1997] 1 0363
-| campbeii f2003p 0.301
4 Finite Source/Greens Function . |'Somerville et al. [2001] 1.0

The model weights have been rounded to:three _déc'rmal places.

2.5.2-2 Part d)

d) Table 2-7'in Chapter 2 shows the relatlve werghts for each ofthe 4

: groupings of ground motion models Please describe the selsmologrcal
principles used to determlne the |mportance welghts glven for each of the
model clusters.

: 'Response to Part d)

Expert Panel members were asked to subjectlvely evaluate how well the altematlve N
grotuind motion attenuatlon models relied on sersmologlcal pnncrples ‘This attnbute .
* considered the degree to which the methodology that is the basis for the ground motlon t':. :
'attenuat|on model! incorporates selsmologlcal modelrng pnncrples mcludlng seismic © 7
_source modellng and/or scaling,’ crustal wave ‘propagation, ‘and near—surface crustal =

- effects.” The experts were further.asked to provide the technical basis for their ratlngs T
Consrstency with data as well as adherence to selsmologlcal pnncrples was consrdered E'f, R
- Experts were asked to evaluate ‘each model in terms of a rating of Low, Moderate or.-

- Hrgh Oprnlons on the relative |mportance of consrstency with data versus- :
selsmologlcal principles varled .One view was that consrstency W|th exrstlng CEUS
. data should be paramount ‘while conformance wrth selsmologlcal pnncrples was

' '_'subjectlve since those principles were open to- drsagreement and debate. The other

*“more dominant, view was that the eX|st|ng CEUS data was not only sparse but could be v .

* misleading due to issues regardlng site” condltrons recordrng methods, data processmg, ,

“and V/H (vertical to honzontal) conversrons Furthermore because data were sparse |t o o
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would be relatively easy to make a model fit them well, even if they were
unrepresentative. In this view, a fit to existing data should not be done if it entailed a
compromise of physical principles of wave generation and propagation.

The responses of the Expert Panel members indicated that the model class (Hybrid,
Spectral, and Finite Source) was quite important in establishing the degree to which a
model either did or did not have a strong basis in seismological principles. The
following order of model preference (from strong to less strong) was selected:

*  Finite source — This type of model is able to use scaling relations for fault
dimensions and rise time that have a clear basis in the physical space-time
properties of a fault rupture process. It is, therefore, able to better represent
ground motion with low frequencies emanating from large nearby earthquakes.
Somerville et al. (2001) is the only example of this type of model among all those
considered.

= Hybrid — These models incorporate the host region empirical data, and can also
be relatively consistent with seismological principles including representation of
nearby large magnitude earthquakes. The Campbell (2003) model was judged
relatively strong and the Abrahamson & Silva (2002) model, if it were better
documented and peer-reviewed, could also be favorably assessed.

= Spectral — These models tend to be governed by their mathematical form which
is most compatible with a point source event. Thus they are weak for large
nearby earthquakes although techniques for overcoming this, such as “double
corner”, “variable stress drop”, and “saturation,” are used. Atkinson & Boore
(1995), Silva et al. (2002, double corner saturation), and Toro et al. (1997) were

considered the stronger contenders.

2.5.2-2 Part e)

e) Chapter 3, “Ground Motion Model Resuits,” of the 2003 EPRI study
(Reference 116) describes the ground motion attenuation model for sites
located in the Central and Eastern U.S. Table 3-2 in Chapter 3 provides
the ground motion attenuation model functional forms for 5 groups or
clusters. Please explain why some of the attenuation relationships in
cluster 1 contain terms accounting for Moho reflections or losses from the
effective Q in the crust, whereas the functional form for cluster 1 does not
contain either of these two terms.

Response to Part e)

In developing their models, Silva et al. (2002) — the proponents for the reference model
form for Cluster 1 — explicitly considered Moho reflections and losses from the effective
Q in the crust. For their model development and generation of synthetic ground motion
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data they considered an eplstemlc range of Q values and a change of geometrrcal
spreadlng at 80 km distance that would accommodate Moho reflectron effects L

In trying different rregression forms to best fit the synthetrc ground motion data Srlva et
al. did not find sufficient ground motlon attenuation trends to ' warrant retention of model
terms for Moho reflection — that is; an expl|C|t change in the model coefficients ata -
specified distance - or the term typlcally assocrated with Q —that is, a term’ lmear wrth
‘drstance for log ground motion. B t ‘

The following Silva et al. ground motlon_model term
(C3 + Cam) x :'n*(drg +e%)

was mtended to capture magnrtude-dependent changes in attenuation with drstance
mcludlng the contribution of Moho reﬂectlons ,

In consrderlng an explicit Q term in the' t'nal model form Sllva et al. did not t"nd the
coefficient of this term to be signifi cant .

Slmllarly in their initial ground motion model development for the western United States
Boore et al. (1997) did not find this term srgnlf cant, and, in fact, found the coefﬁcrent of.
this term trending to a physrcally unreasonable posrtlve value This termwas
) subsequently dropped : : '

In summary, when consrdenng reasonable eplstemrc ranges |n source, path and A
shallow crustal parameters, the central or average tendency of ground motion smeared
out the Moho reflection behavior or, due'to interaction of coefficients of complex '
- attenuation algorlthms gave rise to msrgnlt" cant or even unphysrcal regression
coefficients, such as'the Q term coefficient. “The S|mpler form of the attenuation model ,
;adopted for Cluster 1 was found to fit the synthetlc data generated by Silva et al. as well
and it was adopted. : S |
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RAI 2.5.2-3 (NRC 4/15/04 Létter)

Regardlng new seismic source charactenzatlons SSAR Sectlon 2, 5 2 6 3 states
‘that, for the Charleston seismic source, ‘the USGS source parameters (Reference
127) were adopted. SSAR Sectlon 25229 states that “the most significant .
|mpact of the 2002 USGS model (Reference 127) on seismic" hazard for.the ESP '

- site is the updated Charleston’ ‘sources parameters " Flgures 2.5-40 and 2. 9-41
'show 1 Hz spectral acceleration seismic hazard curves (med|an and mean,

'-respectlvely) at the ESP site for the northern and southern segments of the East o

Coast Fault System (ECFS). As shown in both of these fi igures, the southern
segment of the ECFS (ECFS- S) which'includes the Charleston seismic source,
makes a significant contribution to the’ overall hazard at the 1. Hz spectral
acceleration. In spite of the’ srgnlﬁcant contribution of the ECFS-S for low.
frequency ground motion, the controlllng earthquake forthe1and 25 Hz
frequency range is a magnltude 5.5 earthquake at a dlstance of 30 km from the

- ESP site (Table 2. 5-26) Neither this magnltude nor this distance correspond to
an event occurring in the ECFS-S’ (| e., Charleston solirce zone) ‘Please explain
this result in view of the statement quoted above and Figures 2. 5-40 and 41in
the appllcatlon v

;.Resgonse

SSAR Section 2.5.2.2.9 states that the most srgnlﬁcant lmpact of the 2002 USGS
. 'seismic hazard model, Frankel, et al. (2002) is on the’ Charleston : source parameters
This is in the context of evaluatlng the EPRI seismic hazard study to determine if -
seismic sources and’ parameters should be updated as recommended by RG 1.165,
Appendix E. As stated in Appendlx E," If new. |nformat|on identified by the snte-specrf‘ c

mvestrgatrons would resultin a srgmﬁcant mcrease in the hazard estlmate for a site, and '

this new’ |nformat|on is valldated by a strong technlcal basis, the PSHA may have to be
modified to mcorporate the new techmcal mformatlon ThlS lS the procedure that was
followed to prepare SSAR Sectlon 2. 5 » : N : :

As |llustrated ln SSAR Flgures 2 5-40 and 2 5-41 the contnbutlon to selsmlc hazard at 1
Hz frequency of the ECFS-S source (representlng the updated Charleston source - -
parameters) depends on the ground motion amplltude of mterest and’ on whether the
median or mean hazard is examlned ‘Based-on the compansons in these fi gures the
ECFS-S source was lncluded in the selsmlc hazard calculatlons for the SSAR."

To develop the selected ground motlon spectrum the procedure in Appen |x C of RG
1.165 was followed deaggregatlng the seismic hazard at1,2.5,5,-and 10° Hz." The
ground motlon amplltude used to deaggregate the seismic hazard at each frequency
was that correSpondlng to the mean 5x107

‘annual frequency of exceedance (see SSARf o

- Section 2. 5 2.6.8 and Table 2.5-25); For 1°'Hz, this amplitude is 0. 06529, as shown in o ‘

. SSAR Table 2.5-25. At this amplltude ‘SSAR Flgure 2.5-40 shows that the' median -
hazard from the ECFS S fault (representing the updated Charleston source) rs about
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four percent of the median hazard of all other sources, including the nearby Central
Virginia seismic zone. Also at this amplitude, SSAR Figure 2.5-41 shows that the mean
hazard from the ECFS-S fault is about one-half the mean hazard from all other sources,
including the nearby Central Virginia seismic zone.

RG 1.165, Appendix C, describes a procedure to determine the magnitude and distance
of controlling earthquakes, based on deaggregation of the median seismic hazard at 1,
2.5,5,and 10 Hz. At 1 and 2.5 Hz, the combined relative contribution from sources at
distances greater than 100 km to the median hazard is quantified. If this relative
contribution exceeds 5%, a separate controlling earthquake is determined from these
distant sources. For the SSAR, the contribution of sources with distances greater than
100 km is an average of the contributions for 1 Hz (which is about 4%) and 2.5 Hz
(which is close to zero), for an overall contribution of about 2%. Because of this low
contribution, RG 1.165, Appendix C, did not require a separate controlling earthquake
for distant sources. Thus, the controlling earthquake for 1 and 2.5 Hz corresponded to
a magnitude and distance consistent with the Central Virginia seismic zone.

It is worth noting that, at higher ground motion amplitudes, deaggregation of the hazard
would indicate an even smaller contribution from distant sources than that just
discussed. This follows because, from SSAR Figure 2.5.2-40, the relative contribution
of the ECFS-S median hazard decreases at higher ground motion amplitudes. Thus the
recommendation of higher amplitudes would not result in a separate large magnitude,
long-distance controlling earthquake.

If a large-magnitude, distant earthquake were to be adopted as a controlling earthquake
for low frequencies, the primary effect would be a small increase below the 1-t0-2.5 Hz
control frequency point in the SSE spectrum. This is illustrated in Figure 1. This plot
shows a low-frequency spectrum scaled to the average of the 1 and 2.5 Hz amplitudes
for a mean hazard of 5x10°, using M=7.5 and R=500 km (the green triangles). The
low-frequency spectrum developed in the SSAR used M=5.6 and R=37 km (the red
diamonds in Figure 1), representing the dominant contribution of the central Virginia
seismic zone. The selected performance-based spectrum is also shown as orange
circles. The M=7.5 spectrum lies below the M=5.6 spectrum at frequencies higher than
2 Hz, and lies below the selected performance-based spectrum at frequencies between
1 Hz and 0.2 Hz (few, if any, plant components are sensitive to these low frequencies).
The high-frequency spectrum developed in the SSAR, which used M=5.3 and R=23 km
(the blue squares in Figure 1), does not affect the SSE in the low-frequency range.

There is significant additional margin above the selected performance-based spectrum
provided by the RG1.60 spectrum anchored at 0.3g (see, for example, SSAR Figure
2.5.2-51). Thus, the adoption of a large-magnitude, distant earthquake as a controlling
earthquake would not change the seismic design requirements above the selected
performance-based spectrum.
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Figure 1. Spectrum scaled to 1 and 2.5 Hz using M=7.5, R= 500 km, compared to similar spectrum
using M=5.6, R=37 km, to spectrum scaled to 5 and 10 Hz using M=5.3, R=23 km, and to
performance-based spectrum.
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2.5.2-4 (NRC 4/15/04 Letter) .

' ,SSAR Tables 2 5- 5 through 2 5 11 summanze the parameters developed by the
six EPRI teams as ‘part of the 1989 EPRI Prolect (Reference 115) for the seismic

~ source zones surroundlng the ESP site. 'The source parameters shown in Tables '
'2.5-5 through 2.5-11 are maximum magnltudes distances from the ESP site,

activity probabilities, and smoothlng options. -In’ addition, Tables 2.5-5 through
2.5-10 provide mformatron on whether the source parameters have been updated '

- forthe probabilistic seismic hazard analysrs (PSHA) presented in the ESP

appllcatlon

2.5.2-4 Part a)

a) Please provide the actual a and b values for the recurrence model used for '

each of the seismic source zones and the weights assrgned to these values. -
n addition, please provrde the recurrence intervals and their welghts

associated with the Mmax values for each selsmrc source.

‘ -Response to Part a)

- Sersmrcrty parameters for the recurrence models used in each of the seismic sources_
* defined by the EPRI teams vary in space wrthln each seismic source. The EPRI. -

methodology allowed teams to choose smoothlng optlons that smoothed the sersmlcrty

- ratesand b-valués within'each source: :The ‘a-value used in the EPRI pro;ect was . -
- defined as the base-10’ Ioganthm of the annual number of earthquakes with magnltude

(my) between 3.3 and 3.9 per. equatonal square degree ‘A'more relevant parameter for '
‘seismic hazard assessment is the annual rate of earthquakes above the mlnlmum
-magnitude (which was my=5in the EPRI’ study) ‘Multiple values of a and bwere

' ':fcomputed during the EPRI pl'OjeCt for each ‘partial or complete degree cell (longltude | ,
-~ and latitude) covered by each source, using the’ multrple smoothlng optlons selected by

" each EPRI team for that source The smoothrng optlons and welghts are llsted in SSAR

' Tables 2.5- 5 through 2. 5- 10

” :_,The complete enumeratlon of a and b valu s for ach source would be qurte A ,
~ voluminous. For example, Bechtel source BZS covers parts of 83 degree cells and the
“Bechtel team specifi ied three smoothlng optlons for this source, so ‘there are 249 sets of

...a and b values for this source. . Given that the ground motion hazard is domlnated at
) ,‘ﬂj.thls site by local sersmlcrty, it is most relevant to concentrate’ on the sersmlmty S
;,parameters for the degree cell centered on longltude 77. 5°W Iatltude 38.5°N, Wthh is L
. the degree cell encompassing the ESP site.: Table 1 lists the rates and ‘b-values for. thls ‘
. degree cell for the four Bechtel sources used in the PSHA. Bechtel specified three - S

'smoothlng options for each source, resultmg in three sets’ of rates and b-values for each SR

~ "degree cell. Table 1 shows the annual rate of my>5.0 as calculated from the EPRI a-
~ value, ratherthan the a-value itself.- Table 1‘also shows the total rates and welghted
“average b-values for all cells W|th|n that source and for the three smoothlng optlons

S
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using weights proportional to the fraction of each degree éall that'is covered by the
-source. (By this welghtrng whole degree ceIIs have hrgher weight than partlal degree
' cells in calculatlng the b—value) » .

Tables 2 through 6 provrde S|m|Iar rates and b-values for the other ﬁve EPRI teams for
the sources used in the seismic hazard calculations (other sources listed in SSAR
Tables 2.5.2-5 through 2.5.2-10 did not contnbute to the seismic hazard and were not
used in calculations). , .
Epistemic uncertamty in the maximum magnrtude (mbmax) assrgned to each source by
the EPRI teams was represented bya range of alternative values and associated-
“weights. The values and weights for each source are shown in SSAR Tables 255
_through 2.5-10. Recurrence intervals for all but the hlghest value of mpmaxcan be "
calculated assuming that the highest value of mbmax applies. Table 7 shows values of
these recurrence intervals, calculated using the averaged rates and b-values for each
source and each team, weighted over all smoothlng options.

Table 1. Rates and b-v‘ar'uéf‘sf’fafsechter team sources o

Source Cell Welght “Rate | _b-value _ A
E 775,385 | --+0.33 7| 8.30E-4 - |. 0927 ‘
-:0.34: ] 5.55E4 - 094"

~ 1. .20.33 |- 4274 [ - -1.01 -
All L7033 |2 7.04E-3 | 0.92
2034 | - .6.93E-3 2093 -
, 033 |" 593E-3 | - 098 .
24 - 775,385 | 033~ | “4.08E-5 |. 085 | .
. 0034 =0 |- 241E6 0| 080 L
|+ 033 " |~ 1.38E-5 - 1.05
Al - 270,33 40 1.01E-2° --0.84 - -
- 2034 0 1A7E-2 ] 084
. coov 033 0 L - TA40E-3 | 0990
BZ4* Al e e0.33 L 9T7E-3 0 1.06
7 * 2=1,06E-2:. | 1.08 .-
R o 0,833 1 ABES2 e 1100y
BZ5 | 775,385 [ 7033 .| 1.04E-3 .| - 092 |
C U397E-47 | 210200 |
[ 618E2 .| - =001 - |
2034 6.78E-2. | -092:.- -
S T -0.33 7 | 6.94E-2 -] 10937 -
*source does not overlle degree cell 775 385 o

:A|'| R P ]

e~ pes

83
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~ Table 2. Rates and b;va‘lué‘s' fo'r"’ba:mé:e; “&7”Md¢‘re;jtfea{r_i{?squ'réés’i'; o

. Source . |

Cell, .

Welght

-Rate = |- *b-value: -

04 -

0,75

4.91E6

1.04

775, 385

~ 4.89E-6

-1.04 -

Al

- 0.75

T 2.04E2 .

1.04.

~ 025 -

—2.08E2

1.04 -

All

075

-+ '2.86E-3

1.02:

4B

'3.39E-3

0.95

40*

“All

075

4.95E-3

1.06

025 |

4.58E-3

-1.09

41

2075 -

1.54E4

1.06

775,385 |

025

-1.50E-4"

1.06-

Al

~

075 0

_230E-2

104

025 |

2.67E-2 - 1.03 ..

42

775,385

075 |

2.74E-4

1.02

025

T331E-4

0.95

Al

075

- 2.31E-3

TT1.02

025 |

2.78E-3- -

10.95

47 .

775385 |

~0.75

3.35E-6 -

T 025 |

-3A7E-5

1.05 | -
706 |

Al

075 |

15563 | 1.05. |

0.5 .|

1.47E-3

-1.06_.

53 -

075

~ 3.35E-5

- 1.04 -

775.385 |

025 -

- 3.26E-5

- 1.06

Al

075

- 1.92E-2°

025 |

T 2.06E2 -

1.04- | ,’,vf.:_:j:f‘,_»x
405 . | ..

*source does not overhe degree cell 77 5 38.5




Serial No. 04-270
Docket No. 52-008
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Source” - Cell. - Werght Rate ' b-value E
17 - 77.5,’38.5' 0 ) .«’4.22E~4 - 089 7
- Al | ‘i‘-,1.0 o) 321E-2 0 -0.99 .
22 775,385 -] . 1.0 --1.98E-4 1.06
. All 4.0 ) 5.58E-2- .1.05
107 - 775,385 .1.0 . 1.27E4- | . 1.04 -
oAb 100 ] 4.86E-3-- | -1.04
217 77.5,38.5 |- 1.0 . 1.22E-4 2099 ¢ |
AL 1.0 9.32E-3 0.99
Co09 775,385 | 1.0 4 45E-5 - ~-1.05°
Al 00 112B-2 1.05: .~
C10 77.5,385 |- .. 1.0 - 2.04E-5 - 1.05 .
' AL 1.0 -5,02E-3 - -1.05 .
C11 : 775 38.5 1,00 500 - 1.87E4 :1.06
All : 4.0 [ 5.03E-2 - 4.05-
“M19* Al 1000 4| 4.62E-4. | - 0.99°
M20* - All - 10000 6.72E-4 - .0.99 ..
- M21* - Al - 21,007 | 0 6.33E-4 - .-0.99. .
m22** Al 1.0 - - - 1.39E-4 - 2099 - |
- M23* AL 21000 s 121823 099 )L
M24* - ~All ~"1 Oiwns) . 1.44E-3 099 - |
M27* Al “4.0.0 |+ 4.86E-4- - 1.04 -

R WO

*mafic pluton encompasses part of one degree cell

“**mafic pluton encompasses parts of two degree cells ’

" Table 4 Rates and b-values‘forvRondout team sources " i:'

Source - |- Cell < ~Rate = 7|~ b-value
28 - Al 2 ¢.3.00E-3 7 [+ 70.80 -
29 . <Al '837E3"‘ "093"'
30 - Al 1 J1E- 3 1 01

rates and b-values specnf ed f
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Table 5. Rates and b-values for Weston Geophyswal team sources

- Source -

Cell

Welght

- Rate

45 b-value

- 29

N
>

‘77.5,‘38.5 =

1.0

5.05E4 |

092 -

All

T10

9412E3 | 002, -

C19

10

5.28E-5

T 100

77.5,385

Al

1.0 .-

151E2 | 1.00

775,385

3. 78E-4 .| 0.99.

c21

207

551E4 - [ - 1.01

03

2352 | 099 -

Al

07

2A7E-2 | - 1.00 |,

c22

775, 38.5'.. ;

03

‘3.61E-4

099

07

5.54E-4 | - 7 1.00:

All

03 ..

~188E2° | - 099 .

07

A.71E2 |

-1.00.

C23

05

1534 | - 1.00

775,385 |

105 -

1.49E-4

1.01-

All

05

9.64E-3

~1.00

T 05 -

- 9.43E-3

T 1.00

C34

775,385 ¢ -

0.2 -

247E-4

T 0.98

=008

- 4.55E-4 - - 1.00:

All

02

1.75E-2

T 099 |

- 1.56E-2

099

C35

o

- 2.53E-4

098

77.5,‘38;51_7

“40.8

. 4.55E4

All

02 -

T220E2 | 099

100 .

2.00E-2

0.99-
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Table 6 ‘Rates and b-values for Woodward Clyde team sources -

Source .

Cell

Welght

" Rate -

-.b-value

26

77.5, 38.5 '1}

= 0.25

.,~;,3.16E-5 -

~0.93 |

00025

2.62E-5

0.98 .

025 .

.- 3.45E-5

0.91. -

025

- 4.44E-5 | . 0.83 ..

Al

0257

+8.62E-3 |

093 |

7025

TA2E-3

098 |

17025 _

9.28E-3 - -0.91

025

1.20E-2.

- 084

27

775,385 | =

025

5.47E5 | 0.99

1..-0.25

5.31E-5

1.00 -

025

- B6.37E-5- | :.0.94- .

025

- 71.57E-5

~-0.90

025

- 5.57E-3

099 .

Al
R :.—::{:.0.25 3

"543E3 | 099

025

 6.57E-3

0.94-

025

+7.90E-3

29*

All B R

0.25

1.68E-2

0.99. .

{32025 -

1.62E-2

100

1025

2.19E-2. 091~

| v+0.25 00

2.96E-2

0.83:- |

20A*

025 |

1.25E-2

095 -

R

=025 -

U 1.07E-27] © 0.99

025

“1.38E-2

0.91

- 1.76E-2-

0.83 . -

B22

[ 3.13E4

095 |

775,385 | 0.

[ 26764

1.00 -

T°3.70E4 | 091

| °5.11E4 | 082 |

-137E2

095 |

1.10E-2 |7 0.99

T 15282 |

0.90 -

-2.07E-2 -

R




“Table 7. Recurrence intervals for maximum magnitude values

. Team ~ 7 | ---Source. .| mmax'value | weight | Recur.Interval, yrs |

Bechtel =~ | 24 - | 57 204 | - - 485 ..

~ |+ 60 -] 04 | 1059 "
6.3 04 | 2,996 '

66 | 01 “infinity

Bechtel : . E ; ) 54 -0 Y R -
» co87 .04 | - 7770 -

6.0-. |04 | - 1,75

8.6 |04 | .- - Infinity

Bechtel Bz4_ |66 | 01 | 5984
‘ 68 [ 04 | 10078 -

71 ] 04 | 38441

T | 74 [ 04 | infmty

Bechtel Bz | 57 01 | 76
- |- 60 |04 | 169 .

T+ 63 | 04 | 483

.66 | 04 | Infinity

Dames & Moore | ____04. 6.0 | -08 " 563 -

2720 00 0.2 {0 - Infinity S S

“Dames&Moore | 4b___| . 62. | 075 | 5795

c ] : — [ 72 | 025 | Infinty -

‘Dames & Moore 40 | o660 0.8 | 13,270
. ol 7200020 | o Infinity s -

" Dames & Moore ’ ‘417":.-' Soaee 0.8 o614 0
= < S Ry 2 - 0.2 Lo enfinity o

Dames & Moore | 42 |- 63 | 075 | - 9213 .

~1-.075 | - 7,709 -

e a7 20010250 »_“lnﬁnity":‘»;“”-

Dames & Moore | - sl
e i <0025 | -Infinity. =+ -

Dames & ‘Moore‘dfv 208 ~-220

: - ~0.2 -0 7 Infinity <

02 | 185 7 - |

- Law Engineering

08 | nfinty.
oo e cdnfinity s

04 | 1460

T 03 |7~ _infinity - 1

—05 | 410

— . | 57 | 05 | - ity
—-C09 . | 68 | -10 [ Infinty .

~cio | 6

= .:'g,jlnﬂnity,i. (SN

1.0
210 S nfinity -
1.0 <1

-] mafic sources | ! - S P Infinty -~ |
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Table 7. Recurrence inté_'rvals for maximum magnlt,ude,valu_es,

-Team - - .. |  Source: - mmax value welght -Recur. Interval, yrs | -~

Rondout - i . 28 ‘¢ {=:26.6 | 03 |  .:34534: i~

| ) "68. | 06 | - 403,040 .
oo sl 7.0 | 0 o 2 nfinity o

Rondout 29 .| 66 | 03 | 13517
=68 ] 06 | - 159660

T 70 | 04 |  Infinity .

Rondout . 30 | 52 - | 03 | . - 1368

-8.3 [+ 0.55 208,912 -

T 65 015 | Infinity

Weston Geophysical 52 | 54 | 049 | 268
— | 60 | 066 | 1222

66 016 | = _

Weston Geophysical C19 | 54  [.026 | 473
: .60 | 058 | 863

66 | 0.16 e

Weston Geophysical | C21.. | 54 .| 024 | 117 _
, —— |60 | 061 | 582

B -9»,:3-_.66'».". 1045 |- . =

Wesidn Geophysical | ,022’ S }

- 0.24 - 148

0.61_ - 7132

015 LTed

- 0.8 273

Weston Geoph.ysical‘ ) C23:'5- f 4 RS

R 0.06 L o

024 | - '-163

| Weston Geophysical

0.61 T '<805,

045 [ e -

o224 [ ar

‘ Wesfon Geophysicél " C35

0 |06 | 627 _

045 [ e

033 | - 953

“WoodwardClyde |~ 2

1034 | 3687 -
7033 | e

Woodward-Clyde | g
MR B U o034 e 3602

103 | = e

Tom 2o

'WoodWardQCiyde"- -
R 00,34 5,349

T 1033 . e

Woodward-Clyde |~ 29A - 033 | 3241

170 | 034 | 8481
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Table 7. Recurrence mtervals for maX|mum magnltude values

Recur.’ lnterval, yrs|

-~ Team - |1 Source | ‘mmax value | weight
U 74 033 | e e
2.5.2:4 Part b)
b) - With regard to the selsmlc source zones surroundlng the ESP 5|te in

‘particular the: Central Virginia Selsmlc Zone (CVSZ), and consnderlng the '
1994 EPRI study of Arch Johnston, “Seismotectonic lnterpretatlon and -
Conclusion from the’ Stable Continental Reglon Selsmlclty Database,”
~ please provide updated mformatnon on'the’ followmg or explain why
- updated information is. not needed 1) maximum magnitudes and welghts
-~ 2) probabllltles of actlwty, 3) rectirrence model values and welghts and4)
source zone geometnes for the PSHA recently completed for the ESP site.

Response to Part b)

- In 1994, the Electric Power Research Instltute (EPRI) pubhshed afi ve-volume study on
“The Earthquakes of Stable Contlnental Regions” (Johnston etal., 1994) ‘Volume 1 of
the study,“Assessment of Large Earthquake Potential’, presents results froma
worldwide database of earthquakes within stable ‘continental regions (SCRs) to assess .

_the relatlonshlp, if any, between maximum magmtude and specn" c tectonic . -

environments.” As stated i in. the’ lntroductlon to this volume “Part of the focus of the”

- “early phase of this work was the evaluation of ex:stlng methods for assessing maxrmLim - o
earthquakes and preliminary development of new methods for use by the earth science

" teams in the EPRI-SOG seismic hazard analysrs for the Central and Eastem Unlted
States (CEUS) (Johnston et al, 1994 page 1 1) : :

Part b) of the RAI requests addltlonal mformatlon on the Johnston et al. (1 994) study

- and whether or not the results of this study would requnre an update or modifi catlon to SR g

" the 1989 EPRI SOG charactenzatlon of seismic source parameters (maX|mum
-magnltude probability of ac’uvnty, recurrence models source zone geometry) used in.

' the SSAR. RG 1.165, Appendix E; specnf es that the EPRI study is an acceptable

o methodology for the evaluation of seismic hazard with’ the caveat “If newmformatlon - '

"+ identified by the s:te-specn‘lc lnvestlgat/ons would result in a signifi cant increase in the o

L . hazard estimate. for a site, and this new information is validated by a strong technical =~ -
-bas:s the PSHA may have to be modlf jed to’ lncorporate the new technlcal mformat/on e

" The Johnston etal: (1994) EPRI study was |n|t|ated |n the m|d 19805 to examlne the J s )
~asseSsment of maximum magmtudes in SCRs for specnf c use in'the EPRI SOG seismic | S
. ' hazard analysns for the CEUS. The study did not explicitly address the probablllty of .
iactlwty, recurrence models or source zone geometry, ‘other than the observation that
- - the largest SCR. earthquakes appear to be associated with tectomc domains of

- " Mesozoic and younger extended crust Initial results of the study (Coppersmtth et al
. 1987), “Methods for assessmg maxrmum earthquakes in the central and eastern Umted

-

s

e
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‘States,” were provided to the EPRI teams for the EPRI SOG PSHA Thus the
fundamental observatlon of the Johnston et al- (1994) worldwnde database assocratlng
-the largest SCR earthquakes with Mesozorc and’ younger extended ‘crust was known’ to
.. the EPRI teams at the time of the EPRI SOG study However glven the prellmlnary
“nature of the database at that tlme the teams generally used a varlety of approaches

‘(and phllosophles) to estimate maximum magnltude and mcorporated alarge degree of 3

uncertainty in their estimates. .Several of the EPRI earth science teams explicitly refer |
~to the prellmlnary ‘worldwide database in thelr estlmate of maximum magnltudes for .

selsmlc sources in the central and eastern Unlted States

) The uncertamty in maximum magnltude for each EPRl team selsmlc source zone
generally encompasses the maximum magnltude estlmate for extended and non-

o “extended tectonic domains described by Johnston et al. (1994) (i. e., moment magnltude .

7.7 for passive margin extended crust of Mesozmc and younger, age and of 6.4 for’ non- N
~ extended Paleozoic fold crust). it is lmportant to note that fold crust of Paleozoic age, -
similar to much of the Piedmont and’ Blue Ridge provinces’ of eastern North America; is ,.
specifically categonzed as non- extended crust by Johnston et al."(1994)." Johnston et al o
(1994) includé only the Coastal Plain’ provmce in their characterization of extended crust L
" in the North Anna site region; although in detail it is llkely that Johnston et al. (1 994)
would include all of the Mesozoic basins along the eastern seaboard within their - '
- defi n|t|on of “extended crust’ |nclud|ng those basms occumng wrthln the Pledmont and
. Blue Rldge provmces : : ; _ :

I‘»“ E

In our oplnlon therefore, the flnal results of the Johnston et al (1994) study do not .
B provnde new information that would sngnlt" cantly change the maX|mum magnitude "

estimates, probablllty of occurrence, recurrence models or source zone ‘geometries of o
_the 1989 EPRI SOG seismic source model for the followrng reasons (1) the Johnston o
et al. (1994) study was |n|tlated specrf cally for use by the EPRI teams in their ‘

' f,development of the EPRI SOG’ seismic source model; (2 prellmlnary results of the

- study were available to the teams,’ in partlcular the fundamental observatlon assocuatlng

" “large’ magnltude earthquakes with extended crust of Mesozonc or younger age; and (3)

e Johnston et al (1994) developed a comprehenswe databa

 all'of the estimates of maximum magnltude and source zone’ geometry drawn from the .

- - Johnston et al. (1994) are generally enveloped by one or more of the EPRI team source o

models :

‘,V, The followmg sectlons prowde supportlng mformatlon on the use of the Johnston et aI
{(1994) study for assessmg (1) maximum magnltude (2) probablllty of act|V|ty, (3)
‘:}'recurrence model and (4) source zone geometry ;

- :“17. Maxrmum Maqmtude and Source Zone Geometrv

of earthquakes in stable -

R contlnental reglons (SCRs) of the world and statlstlcally examlned the databaseto -
" .. assess the spatlal correlatlon of large SCR earthquakes wnth speCIﬁc tectonic domalns

‘ wrthln SCRs.SCR crust is dlstlngwshed from “Active”. crust by (a) age since the’ Iast
o major tectonlc actlvrty, (b) absence of promlnent faultlng (c) absence of post early
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Cretaceous orogenic, magmatlc or- mtruswe actlwty, and (d) absence of nftlng, or major _
a extenswn/transtensnon younger than Paleogene ‘Because the occurrence of moderate -
to large magnltude earthquakes: (> M6.5)in 'SCRs i is rare, the principal | premrse of the -
~Johnston et al. (1994) study was to substltute space for time by aggregating the = !
S geologlc and seismic information from all SCR’s of the world considered to havea™ -
- similar geologlc history to the CEUS, and thus to ldentlfy regions of the CEUS havrng
the potentlal to produce a specrf ied maX|mum magmtude

Four principal tectonic domains \ were recognlzed in SCRs by Johnston et al (1994) (1)
intracontinental rifts (extended crust) of Mesozoic and younger.age; (2) passrve margm
extended crust of Mesozoic and younger age; (3) non-extended crust of the craton; and
(4) non-extended crust of Paleozoic and Mesozoic fold belts. The primary observation”.

~ from the database published by Johnston et al. (1994) is that the majority of selsmrc '

" energy release and the largest hlstoncal earthquakes in SCRs have occurred in .

extended crust of Mesozoic or younger age (both intracontinental rifts and passwe

~ margin extended crust). The maximum observed earthquakes in SCR crust are: M 8 3% e
0.5 in Mesozoic and younger lntracontlnental rifts, M.7.7+0.2 in Mesog_o'rc_‘_ or. younger
extended passive margins, M 6.8+0.3 in non- extended _cratonic crust, and M 6 430.2 |n )
non-extended Paleozoic and Mesozonc fold__belts e

~ Figure 2-14 of the Johnston et'al’/(Té'Q:) study shows crustal domalns for North 7
- America. The’ North Anna ESP site reglon mcludes both Mesozoic’ passrve margrn o
“extended crust’(maxmum magnitude of M 7 .7) and Paleozmc fold belt non-extended

-._.crust; (maX|mum magnitude of M 6.4)." “These’ maximum magnltudes ‘would convert to mb > L

‘estimates of 7.3'and 6.5, respectrvely The passive margin extended crust as defined -
by Johnston et al. (1994) includes the Coastal Plain Province in the North Anna site L
region. All other regions of the: Piedmont, Valley and Ridge, and Blue Rldge provmces
:oare included in the Paleozoic non- extended crust.” Five of the six EPRI teams -
= mcorporate the Mesozorc extended crust elther into specrﬁc Mesozoic Basins (e g . o
"Dames and Moore Law Englneenng, Weston and Woodward Clyde) or.into’ a reglonal '
. source (e.g., Bechtel) As shown in SSAR Tables 2. 5 5 to 2. 5-10, maxrmum ;
~Region and Law Engineering; Mesozorc Basnns) to my 7 2 (Dames and Moore; exposed
~and buried Triassic Basins),.to my 7.1 to 7.2, Woodward Clyde, Newark and Richmond
]Basms) tom; 6.6 (Weston, various sources in Coastal Plain). The sixth team, Rondout
~‘chose not'to rdentlfy extended crust as a potentlal seismic source. In ‘addition, allsix -
_EPRI teams recognize the Charleston source zone within the extended crust as defi ned
- by Johnston et al. (1994) and ; aSS|gn maximum magnitudes of my 7.4 (Bechtel) 7. 2
,‘(Dames and Moore), 6.8 (Law Englneenng) 7.0 (Rondout) 7 2 (Weston) and7.5 -
o (Woodward Clyde).- ‘As described in SSAR Sections 25.2.6. 2 and 2.5. 2, 6.3;a e
- . sensitivity analysns also was performed for the Charleston source zone using an
~ - updated maximum magnltude distribution, recurrence model-and source zone -
' -_geometry ln th|s analyS|s an upper bound maX|mum magnltude of M 7 5 was used

4 ;,The Central Vlrgmla Source Zone (CVSZ) is recogmzed by all srx EPRI teams SSAR o .
- Flgure 2.5-25. shows the geometry of the CVSZ for each team In general the CVSZ

= Az»w‘ o
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hes within the non-extended Paleozorc crust of the Pledmont Valley and Rldge and N
Blue Ridge provinces, and only Iocally extends into the extended Mesozorc crustofthe .

- Coastal Plain Province. Johnston etal. (1 994) would assign a maximum magmtude of -

M 6.4 for this source in non-extended crust. -All five teams that explrcrtly recognize the
CVSZ (the Law: Englneenng Team identifi ed mafic plutons as the source of seismicity in "
the CVSZ region), assign a larger maX|mum magnltude than that suggested by the o

Johnston et al. (1994) study. : ST .y o

“Johnston et al. (1994) also conclude that “The results of thls study lend support to
preliminary |nd|cat|ons from this work (e g. Coppersmlth 1991, Coppersmlth et al.,:
1987) that were used in the’ assessments of maximum magmtude for seismic source
zones in the EPRI SOG seismic hazard methodology ‘Thus,ina general sense, results

-from the Johnston et al. (1994) study were incorporated into the thought process and
analysrs of the |n|t|al EPRI team’s source charactenzatlons A
An |mportant result of the Johnston et al (1994) study is that even whlle tradrng space
for time”, the database still contains too few data on maximum earthquakes and/or -
tectonic features to draw statlstlcally S|gn|f icant results on  the correlation of tectonic
domains ‘to’ maximum earthquakes. As’ descrlbed above, the database comprled by-
Johnston et al. (1994) clearly shows that all SCR earthquakes 'of M=7 have occurred
within extended crust of Mesozoic age.’ ‘A statlstlcal analysrs performed by Cornell . -
-(Chapter 5 of Volume 1) however, also’ shows that many extended crustal domalns

“have maximum observed magnltudes smaller than M 7, such that the mean maX|mum

magnltude is not srgnlf‘ cantly different than for non-extended crust.: A conclusion from .

~this analysus may be that extended crust in some areas has maximum magnltudes less
than M 7, or that the “observed" historical ‘data’in the’ database are still too few to draw
statlstlcally srgmﬂcant results ‘despite the underlylng premise of the Johnston etal.

(1994) study to substitute “space for time”.: -Altogether, the statistical analysrs performed o

. by Cornell (Johnston etal., 1994, Chapter 5) shows that none ‘of the descrrptor vanables B
'for the tectonlc domalns are a strong predlctor or determlnant of maxrmum magnltude
‘ Johnston et al: (1 994) also lncluded a formal Bayesran procedure that can be used to -
‘assess a maxrmum magnltude (Mmax) drstrrbutron fora seismic source.For.a selsmlc
-source located in a defi ned tectonic’ reglme this. procedure uses |nformat|on on .
worldwide earthquakes in'similar tectonic regimes as the’ basrs for a Bayesran prlor ; o
- d|stnbut|on on Mmax Local earthquakes wrthln thé seismic source are used to derivea .
 statistical |Ike|lh00d functlon for Mmax, and the two dlstnbutlons e comblned to obtaln a
'posterlor dlstrlbutlon on Mmax L , : |

. X Geometrles used by EPRl teams to represent the Central Vlrglma Selsmlc Zone (CVSZ)
encompass primarily Paleozoic fold belt non-extended crust (of the, Pledmont Valley

- and Ridge, and Blue Rldge provrnces) and locally some. Mesozorc passwe margin -

" extended crust (of the Coastal Plain Provrnce) As noted above ‘the ‘majority of : selsmlc
“energy’ release ‘and the largest hrstoncal earthquakes in SCRs have occurred in -

- extended crust of Mesozoic’ age or younger Applylng the Bayeslan procedure to the o

'CVSZ usmg worldwrde data from Mesozorc or younger extended crust would lead to a
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broad Mmax prior distribution that ranges from M 5 0 to 7. 9 wrth low (but not zero)

_ probability from M 5.0 to 5.5, and a vrrtually ﬂat dlstnbutlon from M5.5t07.9.

- Application of the statistical procedure to the' CVSZ “with an observed Mmax less than 5,

“would yield a mrIdly decaylng likelihood functlon ‘above' M 5, ‘meaning that the -
observation of small events is not very dlagnostrc in deflnlng an Mmax dlstnbutlon
"Combrnrng the prior distribution and likelihood function would yreld avery broad
distribution on Mpax. The six EPRI teams ‘assessed Mnaxto be in a broad range from o
‘Myig (equivalent to mb) 54107.2 (M51t07.5). Thus, apphcatlon of the statistical
procedure described in Johnston et al./(1994). would llkely yreld a dlstnbutlon srmllar to

~ ' the composite Mmax drstnbutron of the EPRI teams. This is not surprising, given that the
' EPRI teams acted in effect as "Bayeslan processors" by consrdenng both worldwide

observations and local data to express an mformally lntegrated dlstrlbutlon on Mmax for
the CVSZ. R , =

In addrtron a cautronary note must be acknowledged when usrng the Johnston et al.
(1994) study An important part of the Johnston et al. (1994) study was to convert

and/or re-calibrate all intensity data and magnltude estimates of hlstorlcal earthquakes o

to moment magnltude The conversron of intensity and/or early magnrtude estimates to

moment magnltude however has’ undergone continued revision since 1994 for many

SCR earthquakes For example, Johnston (1996) assrgned moment magnrtude o

estimates of M 8.1, 8.0 and 7.8 for the three 1811- 1812 New. Madnd earthquakes ‘and

M 7.3 for the 1886 Charleston earthquake ‘These moment magnltude estimates have.

~ more recently been estimated to bé M 7.2t0 7.3, 7.4 to 7.5, 'and 7.1 for the New Madrid

sequence (Bakun and:Hopper, 2003; and Hough « etal.; 2000) and M 6.8 for the -

‘Charleston’ earthquake These and other magnltude revisions may i influence the  ~
statistical results of the Johnston et al. (1994) study. -This uncertalnty must be taken
into consideration when using the Johnston etal. (1994) study to ‘evaluate whether or

_ not there has been a S|gn|t" icant change to the EPRI SOG source charactenzatron '

In summary, the Johnston et al. (1994) database whrle provrdlng |mportant new data on
the nature of SCRs worldwide and the dlstnbutron of observed maximum magnrtudes
associated with these SCRs; does not provrde new constralnts on maximum magmtude

_range provrded by the EPRI teams for their seismic source model in'the North Anna site 'l" .
~ “region.’ Grven the uncertalnty assocrated wrth estrmatrng moment magnrtudes for SCR

. Imtral results of the Johnston et aI (1994) study were avarlable to the'ﬂEPRI v
,'teams and explrcrtly referenced by several of the teams ln the"‘EPRI (1986) study. '

f'ﬂndlngs of the study

: ‘_-'f.lfl'_ Statlstlcal analysrs of the database performed by Johnston et al 994) shows .
- _that there is no significant dlfference between average maxrmum magnltude for ) }.
‘ varrous tectonrc domarns o : S

%



Senal. No. 04-270

Docket No. 52-008

Response 1o 4/15/04 RAI Letter No. 3

= Recent updates in the estimate of moment magnrtude from mtensrty data for
: ~Iarge SCR earthquakes indicates significant uncertainty in the estimate of
maximum magnltude and generally, has decreased magnltude estrmates from
" that used |n the Johnston et al. (1 994) study . S

. The 1989 EPRI SOG source model conservatlvely assrgns a larger maX|mum
magnitude to the CVSZ than would be suggested by the Johnston’ et al “ 994)
. study. ‘ N .

= Our review of the Johnston et al (1994) worldwrde database suggests that a’
_Bayesian analysis of the CVSZ would not lead toa srgmt” cant rev13|on of the
'maX|mum magnltude estlmates for th|s source zone o :

= f ) The 1989 EPRI SOG source model prowdes maxrmum magnltudes of up. to mb o
N 4 2 to 7.4 for extended crust in the North Anna region, and of my 7. 4to7.5forthe
- Charleston source zone in the extended crust of the'Coastal’ Plaln .

2. 'f:'VPl'Obabllltv of Activity

~ The Johnston et al. (1994) study does not comment explrc:tly regardlng the probablllty
of actlvrty of tectonic domains in SCR crust. However SCR earthquakes have occurred
“in all four of the principal tectonic domalns identifi ed by Johnston etal (1994).: Thus,.
“the study cannot be used to argue that certain tectonic domains are.not active. The - .
Johnston etal. (1994) study does not provide emplncal or statrstrcal data that would
reqwre an update or ‘modifi catlon to the EPRl SOG source model '

3 - Recurrence Model

The Johnston et als (1994) study does not comment explrcrtly regardlng recurrence

‘models for tectonlc domains in 'SCR crust The study shows that roughly 2/3 of all large o

maghnitude SCR earthquakes occurred in regrons of prior. selsmlcrty This would ,
\'suggest that potential future large earthquakes in the CEUS are more llkely to occur in
_Tegions with currently recogmzed elevated rates of selsmrmty such as the Charleston
“New Madrid, Giles County and Central V|rg|n|a source zones. “The Johnston etal. -

(1994) study, however, does not provide recurrence mformatlon that would requ1re an '

update or modifi catlon to the current EPRI SOG source model L

4, Source Zone Geometrv

Chapter 2 of Johnston et al (1994) det‘ nes tectonlc “Domams of North Amenca and
divides these domains’ into extended crust and non-extended crust.. The North Anna’
site lies w1th|n the Piedmont Domain of “non-extended” crust (Flgure 2- 14 of Johnston et
~al, 1994) ‘Each of the domains identifi ed by Johnston et al. (1994) are represented by
one or. more 'source zones from the Six EPRI teams. ‘In‘'general, the'EPRI source zone ™
models are more detalled than the more regronal generallzed domalns recognrzed by

RN
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Johnston et al. (1994). In addition, the Johnston et al. (1 994) domalns are not based

- on, and thus do not represent nor reﬂect areas ‘with, distinct patterns or rates of -

-selsmlmty For example the CVSZ is not identified by Johnston et al. (1994) desplte .

~“the promlnent spatlal pattern of hlstorlcal and mstrumental sersmlcny The CVSZis

, contalned within the Piedmont and Valley and Rudge domains of Johnston et al. (1994)
~ Thus, the domaln map presented in Johnston etal. (1994) does not provide an ~
|mprovement over the more detalled source zonatlon model of the EPRI teams

The pnncnpal benef t offered by the Johnston et al (1994) tectomc domam map |s the o
differentiation of tectonic domains’ contammg extended crust from those contalnlng non-
_“extended crust, and the recognltlon that Iarge magnitude earthquakes (M>7)in SCRs .
- worldwide have all occurred within extended crust of Mesozoic age.” This observatron f ﬁ
would suggest that extended crust beneath the Eastern Seaboard domaln of Johnston , ‘
.etal. (1994),:which contarns the. Charleston source zone and ECFS; ‘may. produce

’larger magnltude earthquakes that the non:extended crust of the’ Pledmont and Valley

‘ Rldge Domains, whrch contains the CVSZ and the North Anna ESP site area.
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Application Revision

The following new paragraph will be'a_dded at the ‘end of Section 2.5.2.6.2:

In 1994, the Electric Power Research Institute (EPRI) published a five-volume

" study on “The Earthquakes of Stable Continental Regions” (Johnston et al.,
Reference 195). Volume 1 of the study, “Assessment of Large Earthquake
Potential”, presents results froma worldwrde database of earthquakes within
stable continental regions (SCRs) to assess the relatlonshlp, if any, between
maximum magnitude and specific. tectonic environments. Initial results of the
study were provided to the EPRI teams for the EPRI SOG PSHA. Thus, the
fundamental observation of the Johnston etal. (Reference 195) worldwide
database associating the largest SCR earthquakes with Mesozoic and younger
extended crust was known to the EPRI teams at the time of the EPRI SOG study.
Results of the Johnston et al. study (Reference 195) do not- provrde new
information that would s:gmf icantly change the maximum magnitude estimates or
source zone geometries of the 1989 EPRI SOG seismic source model for the =
following reasons: (1) the Johnston etal. study (Reference 195) was initiated in
the mid-1980s specifically for use by the teams in their development of the EPRI
SOG seismic source model;(2). prellmlnary results of the study were available to
the EPRI teams; and (3) all of the estimates of maximum magnitude and source
zone geometry drawn from the Johnston et al. study (Reference 195) are
generally enveloped by one or more of the EPRI teams.

The following new reference will be added to SSAR Sectlon 25 References
195. Johnston, A. C Coppersmlth K. J.y Kanter L.R; and Cornell CA, 1994 The

- Earthquakes of Stable Contlnental Regrons Volume 1- Assessment of Large
Earthquake Potentlal Electnc Power Research Instltute TR- 102261-V1.
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RAI 2.5.3-1 (NRC 4/15/04 Letter)

SSAR Sectlon 253 states that, in addltlon to complllng and reviewing eX|st|ng
data, Dominion interpreted aenal photography and conducted fi eld and aerial
reconnaissance of all faults within a five-mile radius of the site to assess the
potential for surface fault rupture. Domlnlon focused on seven bedrock faults, as
listed in Section 2.5.3.2, and concluded that “the Chopawamsrc and Spotsylvania
thrust faults are not associated with seismicity and do not exhibit geomorphic
evidence of potential Quaternary activity.” The SSAR indicates that Dominion
conducted similar aerial photographic and reconnaissance studies for the other
faults within five miles of the site, and draws similar conclusions. Please provide
the following details about each of the reconnaissance studies:

2.5.3-1 Part a)

a) A general description of the ‘ﬂight conditions (i.e., weather, lighting
' conditions and the time of year).

Response to Part a) B BN

Aerial reconnaissance was performed i in the North Anna site area on Monday, March
10, 2003 between approximately 12:30 and 4: 00 ‘pm. The flight originated and ended at
the Chesterfield County Airport, located about’ 10 miles south of downtown Richmond.
The plane used for the reconnaissance ﬂlght was a Cessna 172 Skyhawk plloted by Mr.
Chike Foster from Dominion Aviation (not affi llated with Dominion Energy). Messrs.
William Lettis and Scott Lindvall of William Lettis & Associates (WLA) performed the
aerial reconnaissance. The reconnaissance ﬂlght focused on the following faults '

= Northern portion of the north segment of the East Coast Fault System (ECFS)
. " Hazel Run and Fall Hill faults of the Stafford fault system

= Kellys Ford and Mountain Run scarps along the Mountain RUN fault zone

= Faults within 5 mile radrus of the srte lncludlng the Spotsylvanla Chopawamsrc

Long Branch, Sturgeon Creek; and faults “a”, “b”, and “¢”, with emphasrs on the
Sturgeon Creek fault and fault a

Weather condltlons dunng the ﬂlght were clear and sunny The llghtlng condltlons were :

slightly hazy (scattered high thin clouds) over the Coastal Plain south of Richmond"
during the initial portion of the flight.- nghtlng lmproved to excellent condltlons for the
remainder of the flight in all areas north and west of Rlchmond mcludlng the 5-mile’
radius area around the srte ‘ -

The entire flight path is shown in Flgure 1 [Flgures are located at the end of the RAI
response.] A more detailed portion of the ﬂlght within the site area (5- m|le radlus) is

98’
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shown along with the geologic base from Mixon et al. (2000) i in Flgure 2. Photographs
" of selected features along the flight, which also illustrate the weather and lighting
condltlons are included in Photographs 1- 5 R

2.5.3-1 Part b)

b) The extent of the coverage for each fault and the criteria for the locations
chosen along the fault.

Response to Part b)

Aerial and field reconnaissance was performed along faults within a 5-mile radius of the
plant. Reconnaissance emphasized fault “a” and the Sturgeon Creek fault because of
their proxnmlty to the site. Field reconnalssance was performed along the entire length
of fault “a” south of Lake Anna and accessrble portions of the Sturgeon Creek fault.
Aerial reconnaissance was performed along nearly the entire length of both faults

. (Figure 2). Aerial and field reconnaissance was performed along selected portions of
the Spotsylvanla Chopawamsic, Long Branch, fault “b”, and fault “c”, in"particular where
these faults were accessible by road and/or where the faults were mapped as offsetting
a plutonic or metamorphic stratlgraphlc contact "Given the low relief and deeply
weathered nature of the Piedmont, there are very few exposures of bedrock, elther
natural or in road cuts. Therefore, none of the seven faults that traverse the site area
(5-mile radius) were observed in outcrop.’ As noted by Pavlides (2000), the
Spotsylvania fault is not exposed within the Fredericksburg 30’ x 60’ quadrangle, but
rather defined based on geophysical data‘and contrasting bedrock Ilthologles

Prevnously mapped stratlgraphlc offsets of pluton marglns or metamorphlc contacts
could not be confirmed along any of the faults. Geomorphic expressmn indicative of
potential Quaternary deformation was not observed along any fault, in field

" reconnaissance, aerial reconnalssance or analysns of aerial photography.

Fault “a” is mapped over a dlstance 5 mlles south from the southern shore of Lake
Anna, southward across the North Anna site, to within about 1 mile of the southem edge
of the Fredericksburg 30’ x 60" quadrangle (Mlxon etal, 2000) As shown on the
compilation map of Mixon et al. (2000), ‘the fault Iocally offsets the margin ofthe _
Paleozoic Elk Creek pluton about 2 mlles south of the North’ ‘Anna site.” WLA performed
field reconnaissance of fault “a” along the ‘shore of Lake ‘Anna, at the North Anna site,
along the entry road to North Anna, and along State Route 700 south of the site.'No .
structural stratlgraphrc or geomorphlc ewdence of fault “a”.was observed In partlcular
WLA performed field reconnalssance ‘along the margin of the Elk Creek pluton to -
confirm the. presence or absence of offset of the pluton margin (further mformatlon will
be provided in the response to RAI Letter No. 5, specnf cally, RAI 2.5. 3-2) In addition,
the presence of the Elk Creek pluton ‘could not be confirmed. ‘There is no ewdence that
the pluton is present asa dlscrete mappable llthologlc unit, certalnly not to the level of N
-accuracy and precision to conclude that the ‘margin of the pluton has been offset by fault
“a”. In WLA’s opinion, the pluton does not exnst -and the mapped offset shown on Mixon:
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et al. (2000) is primarily interpreter’s license, and also does not exist. This is also
supported by the mapping of Marr (2002) on the. adjacent Richmond sheet, which does
not show the Elk Creek pluton (Frgure 2) ,

The Sturgeon Creek fault follows, in part, the valley of Freshwater Creek. Locally,
Freshwater Creek exhibits multiple, long linear reaches within the alluvial-covered valley
floor. These straight portlons of Freshwater Creek suggest that the stream was
channelized, probably in the late 1800s or early 1900s prior to the avallabllrty of |
topographic maps or aerial photography. WLA performed field reconnaissance along
the straight segments of Freshwater Creek to assess the presence or absence of the
Sturgeon Creek fault.  The straight stream segments are located within the valley, and
are not associated with any scarps, vegetatron lineaments, or bedrock contacts that
‘would imply a tectonic origin. “The straight stream segments appear to be the result of
channelization by man. The Sturgeon Creek fault is not shown on the adjacent
Richmond map sheet by Marr (2002), indicating that he did not find any evidence for
this fault (Figure 2).

In addition, a Miocene pediment surface extends across the site area. Remnants of the
pediment surface are preserved as fluvial/marine gravel -and sand deposits and
scattered lag gravels above saprolitic weathered bedrock. Remnants of the pedrment
locally extend across fault “a” " without apparent vertrcal separation.” In addition, the

~ pediment surface extends reglonally across the Sturgeon Creek fault, Spotslyvanra

~ fault, Long Branch fault, and faults “b” and “c”. Based on WLA's field reconnaissance,
WLA did not observe any srgnrfrcant elevation drfferences of the pediment gravels
across any of the faults that would suggest- post—Mrocene vertical separation. However,
WLA'’s limited reconnaissance observatlons do not allow WLA to provide a quantitative
assessment of the limit of resolution or threshold of detection for any vertical
deformation. : :

- 2.5.3-1, Part c)

c) The geomorphic setting (l e valleys hills, bedrock exposures ..) for each
of the sites visited along the faults g
R Y -
Response to Part c) -

~Allfaults in the srte area (5-mile radlus) cross gently rolllng topography wrth relief on the
order of 200 feet. The rolling topography formed through “dissection and erosmn ofa
once broad, continuous Miocene: pedrment that extended across the region. The
pediment was produced by one or more marine transgressrons dunng the Mrocene that -
beveled Paleozoic bedrock in the Pledmont probably as a series of one or more wave-
cut platforms Remnants of the pedlment are preserved today as deposrts of rounded
marine gravel and sand capprng many of the Iow hills and ndges in the site area

Deep saprolitic weathering has left the hlllS in the site area with gentle slopes and low
relref Natural outcrops of bedrock are rare, even along stream cuts. Bedrock is
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exposed in the site area only in a few roadcuts. Most of the faults, such as fault “a”, are
“mapped across broad, gentle ridges that more closely approxnmate the elevation of the
Miocene pedlment surface (south of the North Anna site). The Sturgeon Creek fault is
mapped largely within an incised stream’ valley ‘No bedrock exposures of any faults
were found durlng the field reconnaissance. .

Field reconnaissance was performed by dnvmg available roads that cross faults,
examining road and natural cuts across and i in the vncmlty of mapped faults, and walking
parts of fault “a” and the Sturgeon Creek fault.” No geomorphic expression of the seven

faults or any other geomorphlc features |nd|cat|ve of potential Quaternary activity were
observed during WLA's aerial and fi eld reconnalssance of the site area.

2.5.3-1, Part d)

d) A description of the criteria used for concluding that there is no evidence
of Quaternary activity on the fault.

Response to Part d)

The seven faults within the site area (5-m||e radlus) are all mapped in Paleozoic
bedrock. The larger structures (Spotsylvania, Chopawamsic, and Long Branch faults)
“have been demonstrated to have originated during the multiple Paleozoic Appalachian
“orogenies. Studies of fault “a” at the site by Dames & Moore (1 973) concluded that this
minor fault initially formed durlng a ductile phase of deformation in the Paleozonc

Cnterla used during WLA's site mvestlgatlon to evaluate whether there is any ‘evidence
to suggest Quaternary activity included:

Published and unpublished reports
Geomorphic expression

Alignment of seismicity

Offset Cenozoic deposits
Paleoseismic features

For all seven faults within the site area; there is no evrdence or criteria that would
suggest Quaternary activity on these structures (Table 1). The only potential
' geomorphic feature was found along the Sturgeon Creek fault, where the fault i is aligned
with linear reaches of the channel However ‘the’ Ilnear channel likely represents
‘channelization of the creek by man. It is, therefore, concluded that there is no
geomorphic expression of the Sturgeon Creek fault suggestlve of Quaternary activity.
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" Table 1. Crltena for Evaluatlng Quaternary Activity

Reports of S Offset Paleo-

) Quaternary Geomorphlc ‘ Allgnment of | Cenozoic | seismic

Fault Activity? Expressmn? Selsmlclty’? | Strata? Features
Spotsylvania ‘No )\ R No No - No
Fault “a” No No No - No -No
Fault “b” No No - No . No - No
Fault “¢” No No . -~ No No - No
Sturgeon Creek ‘No No ‘No No - No
Long Branch No No No No No
Chopawamsic No No No No No

2.5.3-1, Part e)

e)
stu

dy.

Response to Part e)

Stereo -paired aerial photographs were studled to evaluate the geomorphlc expression
of faults within the site area (5-mile radlus) ‘The photography consisted of USGS black
and white (B&W) imagery at a scale of 1:19,000’ (Table 2) and B&W and color infrared
(CIR) imagery at a scale of 1:40,000 (Table 3) The coverage of the different sets of
photography is shown on Figure 3

-

The vintage and scale of the photographs used for the aerial photographlc

- The 1:19,000 scale photography was ﬂown in 1963 and 1966 and predates the filling of
L.ake Anna and the construction of the North Anna Power Station. These photos cover
“the entirety of the Lake Anna West 7.5 minute quadrangle and significant portions of the

1).

The 1:40,000 scale NAPP photography mcluded both B&W and CIR i imagery flown in
2000 and 1989, respectively, and was centered on the North Anna site. In addition to
9x9 inch stereo-paired prints of the 2000 NAPP photos a single frame centered on the
Site (frame 43) was enlarged by 300% to- produce a 36x36 inch prmt in order to provide
a more detailed image of the ground surface surroundlng the site.
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Table 2. USGS AerialiPho‘to_c'j’raphy‘Revie‘we'd (1:19,000 Scale)

~ Date - Quadrangle | - Type . | -Project . " Frames
3/4/163 Belmont | B&W - GS-VAQV 4-3t04-5
- 4-21 to 4-25
4-29 to 4-31
" 4-50 to 4-52
3/3/63 Brokenburg B&W = | GS-VAQV . | 3-228 to 3-229
‘ ' e 3-264 to 3-266
3/29/66 Lake Anna West | B&W = | GS-VBKG 1-83 t0 1-90
1-148 to 1-154
2-3510 2-42
2-97 to0 2-106
. - 2-158 to 2-166
3/3/63 Lake Anna East B&W. - | GS-VAQV 3-215t0 3-217
SR 3-221 to 3-223
, o |- 3-272 to 3-274
3/17/66 Beaverdam B&W GS-VBIZ 2-226 to 2-229
- o 2-261 to 2-262
3-40 to 3-42

{

Table 3. NAPP Aerial Photography Reviewed (1:40,000 Scale)

Date Type) f-‘-‘V{E:'-I;'IiiglhtNo.-» " Frames
1.3/16/89 CIR | NAPP 1635 1160

3/24/00 B&W . |NAPP12115 . {42, 43,44
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Figure 1. March 10, 2003 aerial reconnaissance flight path. Photographs shown as number with
arrow denoting direction of view.
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'Geology.from Mixon et al (2000)

Géqlogy from Marr (2002) <

A

~
IEST S WP TR A I A SN AT A Wewr> . LY Lok 5

Figure 2. Aerial reconnaissance flight over site area. Photograph shown as number with arrow
denoting direction of view.
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| Photograph 1. Fall Line on fhe Jéméé River at Richmond (view west).
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“Photograph 3. Kellys Ford Scarp (arrows) along the Mountain Run fault zone (view southeast).
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Photograph 5. Mapped traceoffault a” (arrows)acrossbroad pediment suface (view
northwest). R TR e :
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