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In the referenced September 17, 2004, letter (Reference 2) the U.S. Nuclear Regulatory
Commission requested additional information to support review of the SERI ESP Application. This
letter transmits information as outlined in Attachment 1 to this letter. Additional information is also
provided as discussed at the end of Attachment 1.

Should you have any questions, please contact me.

I declare under penalty of perjury that the foregoing is true and correct.
Executed on December 10, 2004.

Sincerely,

George A. Zinke
Project Manager
System Energy Resources Inc.

Enclosure: One CD-ROM
Attachment: Attachment 1

cc: Mr. R. K. Anand, USNRC/NRRJDRIP/RNRP
Ms. D. Curran, Harmon, Curran, Spielberg, & Eisenberg, L.L.P.
Mr. W. A. Eaton (ECH) (w/o enclosure)
Mr. B. S. Mallett, Administrator, USNRC/RIV
Mr. J. H. Wilson, USNRC/NRR/DRIP/RLEP

Resident Inspectors' Office: GGNS
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ATTACHMENT I

SSAR Section 2.5, Geology, Seismology, and Geotechnical Engineering

Request:

RAI 2.5.1-1

SSAR Figure 2.5-5 only shows seismicity down to Mb 3.3 and this low-magnitude cut
off is cited several times in SSAR Sections 2.5.1 and 2.5.2. Please comment on
whether this low-magnitude cutoff resulted in excluding seismicity along the Gulf
Coast in Louisiana and an Mb 3.0 earthquake west of Jackson, Mississippi in 1927 as
part of your seismic hazard characterization. Also, the 1927 Jackson, Mississippi
earthquake, listed as Mb 3.4 in the U.S. Geological Survey (USGS) national seismic
hazard map catalog, is not shown on SSAR Figure 2.5-5. Please provide an
explanation for this omission.

Response:

SSAR Figure 2.5-5 shows seismicity in the Grand Gulf region using a composite
catalog from the USGS, NCEER and the Center for Earthquake Research and
Information, as stated on the Figure. These seismicity catalogs were selected in order
to use current information on earthquake location and size, in terms of observing any
changes in earthquake patterns or distribution in the time periods 1627-1984
(generally equivalent to the EPRI (1986) catalog) and 1985 to 2003 (i.e., post EPRI
catalog). This catalog is included in RAI Table 2.5.1-1-1.

For the Grand Gulf seismic hazard analysis and assessment of activity rates, the EPRI
(1986) catalog was used for events occurring between 1627 and 1984, and the ANSS-
CNSS catalog was used for events occurring between 1985 and 2003. The analysis
included all events of body wave magnitude (mb) 3.3 or larger (same magnitude range
as the original EPRI (1986) study).

In response to this RAI, SSAR Figure 2.5-5 will be replaced by the attached SSAR
Figure 2.5-5, Draft Rev. 1. This figure shows a seismicity plot from the same catalog
used in the hazard analysis (i.e., EPRI, 1986) catalog for events from 1627 to 1984
updated using the composite ANSS-CNSS catalog for events from 1985 to 2003. The
distribution of seismicity is shown for all events of mb 1.0 or larger in order to observe
the full distribution of seismicity in the region.

Omission of the 1927 Jackson, Mississippi mb 3.4 earthquake on Figure 2.5-5 resulted
from a plotting error. However, because Figure 2.5-5 was not used in the hazard
analysis, this omission did not affect the hazard results. SSAR Figure 2.5-5, Draft
Rev. 1 accurately plots the seismic events near Vicksburg and Jackson, Mississippi,
respectively.

RAI Figure 2.5.1-1-1 shows histograms of the number of earthquakes that occurred
within the 200-mile site region for the periods 1627 to 1984 and 1985 to 2003. The
pre-1984 earthquake catalog is the same catalog used in the EPRI SOG study (EPRI,
1986). The post-1984 catalog is provided to illustrate the events that occurred since
completion of the EPRI SOG (1986) study and to provide a comparison between
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events used by EPRI SOG and those that have occurred since the EPRI SOG study.
These figures show that a higher number of earthquakes have been recorded post
1984 in the mb 1.0 to 3.0 range relative to pre-1984 seismicity, primarily due to
improved instrumentation in the Gulf Coast area. Fewer earthquakes of mb 3.0 to 5.0
have occurred after 1984 relative to pre-1984 seismicity, primarily because of the
shorter period of record. SSAR Table 2.5-14, Draft Rev. 1, provides a list of all
earthquakes greater than mb 3.0 that have occurred within 2000 miles of the site since
1984.

RAI Figure 2.5.1-1-2 shows a plot of events within a 100-mile radius for the pre-1984
period. As shown on this figure, only three earthquakes have occurred within a 100-
mile radius of the site for the period 1627 to 1984, and no events have been recorded
since 1984. As stated in the SSAR, the location and occurrence rates of earthquakes
within the 200-mile radius Site Region for the pre-1984 and post-1 984 periods are
very similar.

SSAR Revisions:
Minor changes will be made to text in a number of places in the SSAR to correct dates
and number of earthquakes cited. SSAR Figure 2.5-5 will be replaced with SSAR
Figure 2.5-5, Draft Rev. 1. Replace SSAR Table 2.5-14 with SSAR Table 2.5-14,
Draft Rev. 1.

See files: 001_ESP-SSAR draftrev1_12-01-2004.pdf
002_RAITable 2.5.1-1-1.pdf
003_SSARFig_2.5-5draft rev11 1-1 9-2004.pdf
004 RAlFig_,2.5.1-1-1.pdf
005_RAIFig__2.5.1-1-2.pdf
045_SSAR_Table_2.5-14draftrevi_11 -19-2004.pdf

References:

Advanced National Seismic System (ANSS), 2004, Composite online catalog
http://quake.geo.berkeley.edu/anss/

Electric Power Research Institute (EPRI), 1986, Seismic-hazard methodology for the
central and eastern United States, Electric Power Research Institute Project
P101-19 Final Report NP4726, volumes 1-10, including seismicity catalog, no
sequential page numbers.

Request:

RAI 2.5.1-2

SSAR section 2.5.1.1.6 on regional seismicity makes the statement, "This low rate of
activity has characterized the seismicity of the Gulf Plain for over 150 years, and most
likely throughout the Quaternary," at the end of the second paragraph. Please provide
the scientific evidence for extending the last 150 years of seismicity to the whole
Quaternary.
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Response:

The statement referred to in RAI 2.5.1-2, "This low rate of activity has characterized
the seismicity of the Gulf Plain for over 150 years, and most likely throughout the
Quaternary" is a qualitative statement. As shown on the updated seismicity plot
(SSAR Figure 2.5-5, Draft Rev. 1), seismicity rates in the region have been extremely
low for the last 150 years. Only three earthquakes of magnitude (mb) greater than 3.0
have occurred within the 100-mile-radius around site. Furthermore, as shown on
SSAR Figures 2.5-6 and 2.5-12, the Gulf Coastal Plain has been characterized by
extremely low rates of tectonic deformation with post-Cretaceous deposits on the
limbs of the Gulf Coast Syncline dipping less than 0.5 degrees. Based on the low rates
of tectonic deformation that have occurred over a period of tens of millions of years
and the low rates of seismic activity over the last 150 years, we infer that these rates
were 'most likely" also characteristic of the Quaternary period. The statement was
intended to highlight the facts that rates of both earthquake occurrence and tectonic
deformation in the site region are extremely low. Although variability in earthquake
occurrence rates may certainly occur over these periods of time, the minor amount of
tectonic deformation in the region supports the qualitative assertion that seismicity
rates have also been low for long periods of time.

The statement is regional and qualitative in nature and does not affect the assessment
of seismic hazard at the Grand Gulf ESP site. No additional quantitative analysis is
required for the assessment of seismic hazard.

SSAR Revisions:
See file: 003_SSARFig_2.5-5draftrevi_11-1 9-2004.pdf

Request:

RAI 2.5.1-3

SSAR 2.5.1.1.5.9 describes the Saline River source zone and the geologic and
paleoliquefaction evidence for it, as summarized chiefly in Reference 152 (Cox, 2003)
and in Cox (2004, published in the June issue of the Bull. Seism. Soc. Am., and cited
in Reference 152 but not cited directly in the SSAR).

1. Please clarify whether the SSAR was based on Cox (2003), a preprint of Cox
(2004), or both.

2. Reference 152 is a Final Contract Report by Cox to the USGS. However,
there are two Final Contract Reports by Cox, and their references are identical
except that one has a 2001 date and a 2001 contract number, whereas the
other has 2003 date and contract number. SSAR 2.5.7 lists Reference 152
with the 2003 date but the 2001 contract number. Please confirm which Final
Contract Report is referenced in SSAR 2.5.7.

3. Please explain the degree to which the latest findings of Cox (2004, BSSA) are
consistent with the characterization of the Saline River source zone in SSAR
2.5.2.1.3 and Table 2.5-46.
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4. Cox (2003, 2004) estimated the sizes of the prehistoric earthquakes that
created the liquefaction features as approximately M 5.7-6.0. Cox measured
the long diameters of two liquefaction fields and applied the Ambraseys
relation between the most distant observed liquefaction and magnitude. SSAR
2.5.2.1.3.3 explains why the earthquakes were probably not much more than
0.5 M units larger than Cox's estimates. However, the sand that blows in
Cox's trenches are thick and wide, much larger than one would expect of the
most distant observed liquefaction. Additionally, the large sand blows exposed
in all trenches published so far (Golden, Kelso, Morgan, Montrose, and
Portland sites) are at or close to the edges of their liquefaction fields. Please
explain, quantitatively if data allows, whether or not the large sizes of the sand
blows are consistent with the moderate estimated magnitudes.

5. SSAR 2.5.1.1.5.9.3 and Tables 2.5-5 and 2.5-6 provide the characterization of
the Saline River source zone. Regarding this SSAR Section and Tables: (1)
please explain whether the minimum and maximum event dates are ±1 or 2
standard deviations; (2) distinguish between conclusions or values taken
directly from Cox (2003) and inferences drawn from this source; (3) please
explain the source of Table 2.5-5 as the heading of Table 2.5-5 states
"Modified from Cox (2003)", whereas neither Reference 152, Cox (2004), nor
any of Cox's three previous contract reports to the USGS contain anything like
the table; (4) provide the reasoning or assumptions for the values listed in
Table 2.5-5 and 2.5-6; and (5) provide a link between the events listed in
SSAR 2.5.1.1.5.9.3 and in Table 2.5-5.

6. Reference 152 describes observations from new trenches at the Morgan and
Golden sites, but these results could not be integrated into Cox (2003, 2004) or
the SSAR because the event dates were not expected until July, 2004. Please
explain whether the dates, and conclusions based on them, are yet available.
Please also explain whether or not these new results alter any aspects of the
characterization of the Saline River source zone.

Response:

Dr. Randy Cox and his coworkers have identified a number of liquefaction areas in
Ashley and Desha Counties in southeastern Arkansas. Together with other
geomorphic, seismologic and paleoseismic data, Cox and his coworkers have used
the liquefaction data to interpret a possible local seismic source in the Saline River
area. We concur with Cox and his coworkers that the information available indicates a
seismic source may be present in southeastern Arkansas, and we call this seismic
source the Saline River source zone in the Grand Gulf ESP SSAR (section 2.5.2.1.3).
RAI 2.5.1-3 raises a number of issues related to the liquefaction data developed by
Cox (2002) and Cox et al. (2004) and our use of this data to characterize the Saline
River source zone.

The liquefaction data developed to date by Cox and his coworkers for the Saline River
area successfully documents a number of liquefaction features in Ashley and Desha
counties, in southeastern Arkansas. Cox et al. (2004) present the available
liquefaction data, and a general interpretation of the number of possible events and
possible size of earthquakes that may have produced the liquefaction features.
However, the available data are not yet sufficiently precise to constrain the event
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chronology or to document with certainty that the liquefaction features are produced
by a near-field seismic source rather than a far-field (i.e., New Madrid) seismic source.
Although interpretations by Cox (2002) and Cox et al. (2004) are consistent with the
available data, these interpretations do not capture the full range of uncertainty in the
data nor provide a full assessment of source parameters needed for characterization
of the Saline River source zone as a seismic source for hazard analysis. Our analysis
uses the available liquefaction data from Cox (2002), Cox et al. (2004), Cox and
Larson (2004), and Cox (2004, personal communication) on the enclosed CD ROM, to
estimate (1) probability of activity (i.e., that a local seismic source is present), (2)
distribution of maximum earthquake magnitude that may have produced the observed
liquefaction features, and (3) distribution of recurrence intervals based on the
uncertainty in possible number and timing of liquefaction events. This information was
used for input to the hazard analysis. The results of our analysis are based on and
are consistent with the data presented in Cox's publications. Responses to the six
RAI questions are provided in the following discussion.

1. Characterization of the Saline River source zone was based primarily on the work
of Dr. Randy Cox and Dr. Roy Van Arsdale. Descriptions of regional geology, site
conditions, and subsurface relationships were obtained in part from Cox's Final
Technical Report (FTR) for his 2001 National Earthquake Hazard Reduction
Program (NEHRP) research grant award, which was published in 2002. This
citation in the SSAR was mistakenly labeled as Cox (2003). The correct citation
for this publication is Cox (2002). The complete reference is included in the
reference section that follows this response.

We independently evaluated the stratigraphic relationships observed in the
trenches as presented by Cox (2002). Our assessment of event ages was based
on the radiocarbon and luminescence dates reported in Cox (2002) and later in
Cox et al. (2004). These dates were provided directly to us by Dr. Cox in 2003
(personal communication) for our use in preparing the SSAR prior to their
publication in Cox et al. (2004).

2. The FTR cited as reference number 152 in the SSAR was mistakenly shown to
have a 2003 date. The correct citation for this publication is Cox (2002). The
complete reference is included in the reference section that follows this response.

3. Development of the event history in the SSAR for the Saline River fault zone was
based on independent analysis of observed stratigraphic relationships described in
Cox (2002) and radiocarbon dates (Cox, 2003 personal communication) on the
enclosed CD-ROM, which are now published in Cox et al. (2004). We developed
our own interpretation of event history and earthquake recurrence because this
information is not published. Cox et al. (2004) present a valid interpretation of the
liquefaction features at the site, but do not present a detailed earthquake
chronology that can be used to assess recurrence intervals. The interpretations of
Cox et al. (2004) also do not consider the full range of uncertainty represented by
the 2-sigma minimum and maximum limiting ages in assessing the possible timing
of past liquefaction events. The interpretation presented in the SSAR was
developed based on the data presented in the Cox publications, but considers the
full range of uncertainty represented by the 2-sigma minimum and maximum
limiting ages. The interpretation in the SSAR encompasses the range of possible
liquefaction events (three events at Kelso, four events at Montrose, one to three
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events at Portland) presented by Cox et al. (2004), as well as additional alternative
event scenarios. Therefore, the results published in Cox et al. (2004) are
consistent with the source characterization presented in Section 2.5.2.1.3 and no
modifications to the logic tree or source characterization are necessary.

4. Several techniques are available to estimate earthquake magnitudes using
paleoliquefaction and site geotechnical data. The techniques and required data
types are summarized in RAI Table 2.5.1-3-1.
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Attachment 1

RAI Table 2.5.1-3-1
Techniques for Estimating Earthquake Magnitudes Using Paleoliquefaction Data

Method Input Data Required Output Current Reference Comments
data

Availability
Magnitude- Maximum distance from Magnitude Yes Ambraseys, 1988; Compare distance

bound source to liquefaction Obermeier, 2001; to NMSZ and
field Pond,1996 SRSZ

Cyclic Stress Geotechnical borings Magnitude No Hwang et al., 1995; Most widely used
(blow counts), ground Obermeier, 1999; method

motion attenuation Seed et al., 1971,
models 1983; Whitman,

1971; Youd et al.
2001;

Energy Geotechnical data, Back calculated No Berrill and Davis, Attenuation
Hypocenter data PGA for 1985; relations do not

assumed apply
magnitude

Ishihara Thickness of cap, Back calculated No Obermeier, 2001; Limited to one site
thickness of source PGA, also can Ishihara, 1985;

sand predict thickness Youd and Garris
of fractured cap if (1995)

PGA is known
Energy Geotechnical borings Energy and No Dobry et al., 1982; Similar to cyclic
Based (blow counts) stress conditions Green, 2001; Law stress

Approach at site et al. 1990;
Obermeier, 2001;

Pond,1996;
Comparison Modem earthquake Magnitude Yes Tuttle, 2002 Data from NMSZ
to Modern analogs, size and

Earthquakes spatial distribution, with
known magnitudes

Arias Ground motion, field Magnitude, No Tuttle, 2002; Arias, Does not account
Intensity penetration tests source distance 1970; Kayen and for effective

Mitchell, 1997, confining pressure
Obermeier, 2001; (e.g. depth of water

table).

The available data on liquefaction features in the Saline River area include size of
liquefaction fields, size of individual sand blows, thickness of vented sand, and
possibly, thickness of impermeable capping layer. No data currently are available on
the site stratigraphy at depths greater than trench depths and depth of push-sampler
data, and no geotechnical data are available to characterize soil density, shear wave
velocity, and grain size properties. Therefore, the available data do not allow
application of the techniques requiring geotechnical data to estimate magnitude or
PGA. The sizes of the liquefaction fields are consistent with the moderate earthquake
magnitudes estimated for the Saline River source zone.
zone.

5. (1) Page 2.5-29 of the SSAR states that all ages are 2-sigma calibrated
radiocarbon years before A.D. 1950.

(2) The interpretation of earthquake chronology and recurrence presented in the
SSAR is derived from our independent analysis of stratigraphic and age
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relationships reported in Cox (2002) and radiocarbon and luminescence age
data provided to us by Dr. Cox (personal communication, 2003) for our use in
preparing the SSAR. These radiocarbon and luminescence data are now
published in Cox et al. (2004).

For clarity of presentation, we have prepared several new figures and tables to
illustrate our interpretation of the liquefaction data. The age data presented in
Cox et al. (2004) are summarized in SSAR Table 2.5-5, Draft Rev. 1 and are
illustrated in SSAR Figure 2.5-97, Draft Rev. 0. Our interpretations of the
liquefaction event chronologies are shown on SSAR Figures 2.5-98 through
2.5-100, Draft Rev. 0.

Cox et al. (2004) describe stratigraphic features related to liquefaction and
present age data that support interpretations of individual events at the
investigation sites. However, interpretations of the event history and
earthquake recurrence intervals for the liquefaction fields in the Saline River
source zone are not provided. Furthermore, the interpretations of individual
events in Cox et al. (2004) do not consider the full range of uncertainty
represented by the 2-sigma minimum and maximum limiting ages in assessing
the possible timing of past liquefaction events. The interpretation presented in
the SSAR was developed based on the full range of uncertainty represented
by the 2-sigma minimum and maximum limiting ages and captures a broader
range of alternative interpretations than those presented in either Cox (2002)
or Cox et al. (2004).

SSAR Figures 2.5-98, Draft Rev. 0 and 2.5-99, Draft Rev. 0 illustrate the
alternative event scenarios inferred from the data presented in Cox (2002) and
Cox et al. (2004) and used in our source characterization. We interpret four-
event and five-event scenarios within the minimum and maximum allowable
age ranges. These interpretations are not presented in either Cox paper and
represent our interpretation of the stratigraphic and radiocarbon data for these
sites.

(3) SSAR Table 2.5-5, Draft Rev. 1 is derived from our interpretation of the
stratigraphic relationships described in Cox (2002) and radiocarbon ages
provided to us by Cox (personal communication, 2003) now published in Cox
et al. (2004). The rationale used in developing the event history presented in
SSAR Table 2.5-5, Draft Rev. 1 is described in the SSAR, and is clarified in the
following response to items (4) and (5), below.

SSAR Table 2.5-5 has been modified (Draft Rev. 1) to clarify the origin of the
data.

(4) and (5) The interpreted event chronology presented in the SSAR is based on
independent analyses of stratigraphic data reported in Cox (2002). The
following discussion provides clarification and some modification to the
discussion in the SSAR based on the information presented in Cox et al.
(2004) and Cox and Larson (2004). The discussion refers to four new graphics
(SSAR Figures 2.5-97, Draft Rev. 0 through 2.5-100, Draft Rev. 0) that
illustrate the radiocarbon data and our interpretations of earthquake recurrence
intervals. We also have included the new data from the Golden and Morgan
sites (discussed in response (6), below).
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The ages of deposits used to interpret the paleoliquefaction features at the
Portland, Morgan, and Montrose sites (Ashley County), and Golden and Kelso
sites (Desha County) are presented in SSAR Figure 2.5-97, Draft Rev. 0. This
figure shows the minimum and maximum limiting ages and the interpreted age
range for the liquefaction events; all radiocarbon ages are presented as 2-
sigma calibrated radiocarbon years before present, where "present" refers to
the year, A.D. 1950. When reporting calibrated radiocarbon ages we use the
abbreviation cal. Yr B.P. to indicate calibrated years before A.D. 1950
(present). SSAR Figures 2.5-98, Draft Rev. 0 and 2.5-99, Draft Rev. 0
illustrate the alternative interpretations of the event history that were used to
estimate earthquake recurrence intervals for the Saline River source zone.
Due to large uncertainties in the luminescence data from these sites, we have
excluded these data from our estimation of earthquake recurrence intervals.

One to three liquefaction events can be inferred from stratigraphic relationships
at the Portland site in Ashley County (Cox, 2002; Cox et al., 2004). The data
for these events are presented on SSAR Figure 2.5-97, Draft Rev. 0 and SSAR
Table 2.5-5, Draft Rev. 1. The oldest event at this site (Portland Event 1) is
identified as a series of 'sand blow like features" within a silty clay unit. The
limiting ages for this event are based on the age of the substrate (4840 to 5040
cal. yr B.P.) and the age of an overlying silty clay unit (910 to 990 cal. yr B.P.)
The second event (Portland Event 2) is identified as a series of sand dikes that
feed a sand layer. Sand dikes are cross-cut by a krotavina dated at 150 to 500
cal. yr B.P. (Cox et al., 2004), and therefore are older than the age of the
krotavina. The krotavina provides the minimum limiting age for the Portland 2
event. Bioturbated charcoal from within the sand blow yielded ages of 0 to 430
cal. yr B.P. (Cox et al., 2004) and is also inferred to represent a minimum
limiting age for the Portland 2 event (Cox et al., 2004). Charcoal from the silty
clay unit yielded an age of 910 to 990 cal. yr B.P. (Cox et al., 2004), which
provides the maximum limiting age for the Portland 2 event. The youngest
event (Portland 3) is constrained by stratigraphic relationships where a sand
vent cross-cuts the older sand blow (Cox, 2002; Cox et al., 2004) and is
therefore younger than 0 to 500 cal. yr B.P. This younger event could be a
separate liquefaction event, or could be related to the initial liquefaction event.

The Morgan I and 11 events are defined based on the presence of two sand
layers separated by a reworked sand-blow/colluvial unit. The minimum age for
both units is constrained by a weak soil with a radiocarbon age of 360 to 550
cal. yr B.P. The maximum age for both units is constrained by a luminescence
age of 7500 to 6300 yr B.P. on the fluvial substrate. Cox (2004, personal
communication) indicates there are large uncertainties in the luminescence
ages.

Two to four liquefaction events can be inferred from stratigraphic relationships
at the Montrose site in Ashley County. The radiocarbon ages constraining
these events are shown on SSAR Figure 2.5-97, Draft Rev. 0 and SSAR Table
2.5-5, Draft Rev. 1. The oldest event (Montrose 1) is represented by a thin
sand layer (<13 cm) within the fluvial deposits. The maximum limiting age for
this event is based on the age of the substrate (5055 to 5320 cal. yr B.P.) and
the age of a soil in an overlying sand layer (1300 to 1550 cal. yr B.P.). There
is no date that directly provides a minimum age limit on this oldest sand layer.
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This layer could alternatively be interpreted as a sill within the fluvial deposits
and could be associated with any of the subsequent liquefaction events. In our
calculation of recurrence we use this 5320 year age estimate as the maximum
allowable age after which all observed events could have occurred.

The Montrose 2 event is defined by another thin ('1 0 cm) sand layer that
overlies the fluvial substrate. The maximum limiting age of both the Montrose
1 and 2 events is constrained by the 5,055 to 5,320 cal. yr B.P. age (Cox et al.,
2004) of the underlying substrate. There is no date that directly provides a
minimum age limit on the Montrose 2 sand layer.

The Montrose 3 event is defined by the thickest sand layer and cross-cuts the
Montrose 2 sand layer; no soil development is observed between the Montrose
2 and 3 sand layers (Cox, 2002). The minimum limiting age of the Montrose 3
sand layer is constrained by a 1,300 to 1,550 cal. yr B.P. date (Cox et al.,
2004) from the organic soil developed within the layer; this date also
represents the minimum limiting age for the Montrose 2 event. The maximum
limiting age for the Montrose 3 event is constrained by the 5,055 to 5,320 cal.
yr B.P. age (Cox et al., 2004) of the underlying substrate.

We infer that the minimum ages of liquefaction events Montrose 2 and 3 must
be a minimum of several hundred years older than the age of the soil dated
(1300 to 1550 cal. yr B.P.), as the soil horizon on the sand blow would require
a period of time to develop. Thus, we infer a minimum age for Montrose 2 and
3 of about 1700 yr B.P.. The exact ages of these events are equivocal.
Because there is an absence of soil development between these two sand
layers, it is possible that the two sand layers may represent the same
liquefaction event. In our calculation of recurrence we use this 1700 year age
estimate as the minimum allowable age after which all observed events could
have occurred.

The Montrose 4 event is defined based on the presence of a sand blow crater
and sand dikes that cross cut the Montrose 3 sand layer. The maximum
limiting age of the Montrose 4 sand layer is constrained by a 1,300 to 1,550
cal. yr B.P. date (Cox et al., 2004) from an organic soil developed within the
Montrose 3 layer. The minimum limiting age of the Montrose 4 event is
constrained by organic material in the sand blow crater dated 320 to 740 cal. yr
B.P. (Cox et al., 2004).

A single event at the Golden site is defined based on the presence of a sand
layer fed by sand dikes and brecciated clay clasts suspended in a fine-grained
matrix. Sand dikes that feed sills within the fluvial unit also were observed.
The minimum age for the sand layers is constrained by a fill within a crater
dated 290 to 510 cal. yr B.P. The maximum age for the liquefaction features is
constrained by a luminescence age of 8000 to 8500 yr B.P. on the fluvial
substrate. Cox (personal communication, 2004) indicates there are large
uncertainties in the luminescence ages.

Cox et al. (2004) interpret two or three events at the Kelso site. The
radiocarbon ages constraining these events are shown on SSAR Figure 2.5-
97, Draft Rev. 0. This interpretation is based on clustering of radiocarbon
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dates from different sand blow craters. However, these sand blow craters feed
the same sand layer and no stratigraphic features are reported that distinguish
between the sand blow craters. The stratigraphy at this site also permits the
interpretation of a single earthquake.

The oldest event (Kelso 1) and the middle event (Kelso 2) are recognized
based on stratigraphic relationships observed in the trench where three sand
vents feed a sand horizon (Cox, 2002). Charcoal from organic fill in these
sand vents yield ages of 740 to 1,000, 1,030 to 1,040 cal. yr B.P.; 2,010 to
2,190, 2,230to2,310 cal. yr B.P.; and 960 to 1,310, cal. yr B.P. Cox et al.
(2004) state that dates from 740 to 1,000, 1,030 to 1,040 cal. yr B.P. and 960
to 1,310, cal. yr B.P. are indistinguishable, and interpret these to represent a
single event. The older set of dates represents an older event.

The Kelso 1 event is defined based on dates from sand blow craters that range
from 2010 to 2310 cal. yr B.P. The dates represent the minimum limiting age
for the Kelso 1 event. An alluvial horizon at the base of the trench was dated
using infrared spectral luminescence (IRSL) at 5,200 to 6,200 yr B.P. (Cox and
Larson, 2004) and represents the maximum limiting age for Kelso 1 event.

The Kelso 2 event is defined based on the younger dates from the sand blow
craters that range from 740 to 1310 cal. yr B.P. (Cox et al., 2004). The dates
represent the minimum limiting age for the Kelso 2 event. An alluvial horizon
at the base of the trench was dated using infrared spectral luminescence
(IRSL) at 5,200 to 6,200 yr B.P. (Cox and Larson, 2004) and represents the
maximum limiting age for the Kelso 2 event.

The Kelso 3 event is based on an anecdotal report that describes ground
cracking and bank failures, possibly associated with liquefaction during the
1812 New Madrid earthquakes at this location (Cox, 2002).

The observed liquefaction features can be interpreted in three ways. First, the
liquefaction events record local moderate magnitude earthquakes that
produced small liquefaction fields in Ashley and Desha Counties. These events
may have been associated with earthquake activity within the Saline River
source zone. Second, the observed liquefaction features may record ground
shaking related to events in the New Madrid Seismic Zone. SSAR Figure 2.5-
100, Draft Rev.0, illustrates that the available limiting dates and event age
ranges for liquefaction features within the Saline River source zone allow
correlation to the New Madrid composite event dates (Tuttle, 2002). This is
supported by the historical observation of ground cracking and bank failures
near the Kelso site during the 1811-1812 New Madrid earthquake sequence,
although this also may be a local 1812 triggered aftershock within the Saline
River source zone. Third, the observed liquefaction fields record a combination
of these processes.

The data presented in Cox (2002), Cox et al. (2004), Cox and Larson (2004)
and Cox (personal communication, 2004) were used to develop an earthquake
recurrence model for the Saline River source zone. This earthquake
recurrence model was developed independently because none of the
publications on liquefaction in the Saline River source zone area (Cox, 2002,
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Cox et al., 2004; Cox and Larson, 2004) present earthquake recurrence
intervals. We use an approach that estimates the average recurrence intervals
based on the estimated number of liquefaction events and the minimum and
maximum allowable time in which these events could occur. Our recurrence
model assumes that all of the liquefaction features could have occurred as a
result of four or five earthquakes occurring in the Ashley County and Desha
County areas. The minimum time in which these events could occur is
between approximately A.D. 1800 (150 yr B.P., where yr B.P. stands for years
before A.D 1950), when historical records became relatively complete, and
1700 yr B.P., the age of the soil formed on the Montrose 3 sand layer. For
clarity, we use yr B.P. (omitting "cal.") when referring to a time or period that
does not directly correspond to a calibrated radiocarbon age. The maximum
time considered is between A.D. 1800 (150 yr B.P.) and 5320 cal. yr B.P., the
maximum substrate age based on radiocarbon analysis. Due to the problems
with luminescence dating described in Cox et al. (2004), Cox and Larson
(2004), and Cox (personal communication, 2004) we choose not to use the
older luminescence dates in our analysis.

The four event scenario for the period 150 to 5320 yr B.P. (SSAR Figure 2.5-
98, Draft Rev. 0) involves:

Event IV Portland 2 and 3, and Montrose 4 -

Event Ill Portland 1, Morgan 2, Montrose 3,
and Kelso 2

Event II Montrose 2
Event I Morgan 1, Montrose 1, Golden 1,

and Kelso 1

The five event scenario for the period 150 to 1700 yr B.P. (SSAR Figure 2.5-
99, Draft Rev. 0) involves:

Event V Portland 3
Event IV Portland 2 and Montrose 4
Event Ill Kelso 2
Event II Montrose 2 and 3 and Golden 1

- Event I Portland 1, Morgan 1, and Montrose 1

Recurrence times for the four and five event scenarios are estimated at 388
and 1725 years and represent the lower bound and middle values used in our
hazard analysis. The shortest recurrence time of 388 years (rounded to 390
years) represents the average recurrence time for five events during the period
150 yr B.P. (A.D. 1800) to 1,700 yr B.P. The 1,700 year lower boundary was
used because this represents the shortest, most conservative, time period in
which the events could occur. The 1,725 year recurrence time represents the
average recurrence time for four events occurring between 150 and 5,320 cal.
yr B.P. (SSAR Table 2.5-6, Draft Rev. 1), the longest time period in which the
events could occur. The 3,505 year recurrence time (rounded to 3500 years)
represents the dated interval (5055 cal. yr B.P. minus 1550 cal. yr B.P.)
between minimum and maximum limiting ages for liquefaction events at the
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Montrose site in Ashley County. This recurrence was selected to approximate
a longer possible recurrence time in addition to using the average recurrence
interval calculation (above). The 3,500 year recurrence value is the upper
bound value used in our hazard analysis.

6. The new data from the Golden and Morgan sites (Cox and Larson, 2004) were not
available at the time of the SSAR development. This new information has been
evaluated with respect to the event history presented in the SSAR for the Saline
River fault zone. The data are presented on SSAR Figure 2.5-97, Draft Rev. 0,
and event chronologies are presented on Draft SSAR Figures 2.5-98, Draft Rev. 0
through 2.5-100, Draft Rev. 0.

The precision of age dates for the Golden and Morgan sites is not sufficient to date
specific liquefaction events; event correlations are based on the mid- Holocene dates
from luminescence analysis, as well as field and stratigraphic observations made at
each of the sites (Cox, personal communication, 2004). The interpreted age of
paleoliquefaction features identified at the Golden and Morgan sites are consistent
with the mid-Holocene events previously identified at Montrose and Kelso. Therefore,
we correlate the event at the Morgan site with either the Montrose 1 or 2 events.
Similarly, we correlate the event at the Golden site with either the Kelso 1 or 2 events.

The data presented in Cox and Larson (2004) are consistent with those used in the
SSAR. No modifications to the analysis of recurrence intervals based on these data
are required.

SSAR Revisions:

SSAR sections 2.5.1.1.5.9.3 and 2.5.2.1.3.5.1 will be revised based on this response.
Tables 2.5-5 and 2.5-6 will be revised (Draft Rev. 1 versions). Four new figures will be
included in the SSAR illustrating age data and interpreted event chronologies used in
the recurrence analysis including, SSAR Figures 2.5-97 to 2.5-1 00, Draft Rev. 0.

See files: 001_ESP-SSARdraftrevi_12-01-2004.pdf
006_SSARFig_2.5-97draft_revO_11-19-2004.pdf
007_SSARFig_2.5-98draft_revO_11-19-2004.pdf
008_SSARFig_2.5-99draft_revO_11-1 9-2004.pdf
009_SSARFig_2.5-100draftrevO_11-19-2004.pdf
010_SSARTable2.5-5draftrevi_11 -19-2004.pdf
011_SSARTable2.5-6draftrevi_11-19-2004.pdf
012_Cox2004 pers commGolden-Morgan data.pdf
013_Cox2003_pers commradiocarbondata.pdf
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Request:

RAI 2.5.1-4

Section 2.5.1.1.5.9 describes scenarios for the paleo-liquifaction features discovered in
the Saline River Source Zone. One of the scenarios is to attribute these sandblows to the
1811-12 New Madrid earthquakes. Based on this scenario, the sandblow distribution of
the 1811-1812 New Madrid earthquakes would extend farther south at least 175 km away
from the previously recognized 1811-1812 sandblow distribution. Since the magnitudes
of the 1811-1812 New Madrid earthquakes were estimated partially based on the areal
distribution of the liquefaction sandblows, what is the impact of this areal expansion to the
estimated magnitudes of the 1811-1812 earthquakes and the seismic hazard
characterization of the ESP site?

Response:
The distribution of liquefaction features has been used as one means of estimating the
magnitude of the 1811-1812 earthquake sequence associated with the New Madrid
seismic zone (NMSZ). The estimation of magnitude from the liquefaction distribution is
based on empirical relationships developed from a worldwide record of liquefaction
occurrence (Ambraseys, 1988; Carter and Seed, 1988; Keefer, 1984; Papadopoulos and
Lefkopoulos, 1993). RAI Figure 2.5.1-4-1 shows the distribution of liquefaction features
associated with the NMSZ and Saline River source zone, the area of contemporary
seismicity within the NMSZ, and the lineaments (inferred fault sources) that comprise the
NMSZ and Saline River source zone.

The seismic source model developed for the ESP application provided maximum
earthquake magnitude estimates for all three segments of the NMSZ. For the purpose
of evaluating the potential occurrence of liquefaction in Desha and Ashley Counties,
Arkansas from NMSZ events, the southern Blythville Arch segment is the most
reasonable source because this fault is the closest NMSZ source to the liquefaction
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fields in southeastern Arkansas. The earthquake magnitude distribution for the
Blytheville Arch segment ranged from M. 7.3 to 8.1. Using the empirical relationship
of Ambraseys (1988), earthquakes of this magnitude range would produce liquefaction
at distances of 180 to 350 km from the closest approach of the fault (RAI Figure 2.5.1-
4-2). These estimated distances should be viewed as minimum estimates because
the Ambraseys (1988) relationship is based on a worldwide dataset that includes a
majority of plate boundary events with high attenuation rates, while the Central and
Eastern US (CEUS) is characterized as a stable continental region with much lower
attenuation rates (Olsen et al., 2004). RAI Figure 2.5.1-4-1 shows that the Ashley
County and Desha County liquefaction fields are within the area estimated based on
the worldwide data set, and therefore liquefaction could occur beyond these estimated
limits.

The earthquake magnitude distribution developed for the NMSZ is consistent with the
possibility that NMSZ earthquakes produced the liquefaction fields in the Saline River
source zone. Therefore, there is no impact on the magnitude distribution estimated for
the 1811-1812 earthquakes at the NMSZ or for the hazard characterization for the
Grand Gulf ESP site.

SSAR Revisions:

None

See files: 014_RAI_Fig_2.5.1-4-1.pdf
015_RAI_Fig_2.5.1-4-2.pdf
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Request:

RAI 2.5.2-1

The SSAR at the end of section 2.5.2, refers to three engineering reports (ER-01, ER-
02, and CP-01). One of the reports (CP-01) is not cited in the references at the end of
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the entire SSAR Section 2.5. Please add a citation to this report to the reference list
and provide a copy of the report so that the reviewers can better understand how the
detailed site response calculations were done.

Response:

Two calculation packages were prepared in support of the SSAR. The citations for
both of these calculation packages are:

William Lettis & Associates, Inc., 2004, Seismicity analysis for the Grand Gulf ESP
Site, ENT0002-CP-01, Rev. 0.

William Lettis & Associates, Inc., 2004, Development of Safe Shutdown Earthquake
(SSE) Ground Motions for the Grand Gulf ESP Site, ENTO002-CP-02, Rev. 1.

The reference in Section 2.5.2 of the SSAR mistakenly identified CP-01 as the
document describing the site response analysis. Calculation Package CP-01 presents
an analysis of the seismicity data for the Grand Gulf region. The detailed site
response analysis and probabilistic seismic hazard analysis is provided in Calculation
CP-02.

The Calculation Packages are available for NRC inspection in the project files.

SSAR Revisions:

The citations for these calculation packages will be added to the SSAR text and to the
reference list.

See file: 001_ESP-SSARdraftrevi_12-01-2004.pdf

Request:

RAI 2.5.2-2

SSAR Section 2.5.2.1.2.4 discusses and applies a moment-rate constraint on New
Madrid M7+ earthquakes from geodetic data. The use of moment-rate constraints in
PSHA is common in California and near other plate boundary locations. However, in
the Central and Eastern United States (CEUS) and the New Madrid seismic zone
(NMSZ) in particular, the physical mechanism behind the occurrence of M7's at a rate
much higher than strain accumulation is not scientifically understood. The
paleoseismic evidence convincingly supports a 500-year mean recurrence interval for
M7+ New Madrid events while the geodetic data, although somewhat equivocal, does
not support such high moment rates. Viscous element models, such as Kenner and
Segall, 2000 (Science, v 289, 2329-2332), have been proposed to allow high moment
release in earthquakes over short geologic time intervals without high rates of stress
accumulation.

1. In view of uncertainties of the physical mechanism behind CEUS M7
earthquakes, please provide a justification for applying a moment rate
constraint for the modeling of these earthquakes.
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2. A constant shear modulus of 3.5 x 1011 dyne cm2 is used in the seismic
moment rate calculations of this section. Please describe the impact of
allowing for ruptures into the lower crust, where shear velocities and hence
shear moduli are higher than the shallow crustal values of California.

3. The moment-rate constraint uses rupture-area estimates from the Reelfoot
fault. Rupture area is the product of rupture length and down dip width. The
length may be well constrained but the width of the Reelfoot and other NMSZ
faults is not. Width is often taken to match the down dip extent of instrumental
seismicity, which extends to a depth of 12-14 km on the Reelfoot fault.
However, Johnston, 1996 (Geophys. J. Int., V 126, p 314-344) and the main
shock rupture of the 2001 M 7.6 Bhuj intraplate earthquake suggests that
major fault ruptures can occur down into the lower crust. Please explain and
justify the assumptions and reasoning leading to an estimated rupture area of
1300 km2 for a rupture of the Reelfoot fault (Table 2.5-13).

Response:

SSAR Section 2.5.2.1.2.4 presents a moment-rate analysis for the occurrence of large
magnitude (M7+) earthquakes within the New Madrid seismic zone (NMSZ). This
analysis was completed to provide information on the relationship between maximum
earthquake magnitude and earthquake recurrence in the NMSZ. This information was
not used directly to assign or calculate weights for maximum earthquake magnitude or
earthquake recurrence in the hazard analysis. For example, the magnitude distribution
developed for the NMSZ for the Grand Gulf ESP is the same as that developed for the
Clinton ESP (EGC, 2003) which did not include a moment-rate analysis.

As indicated in the RAI, we recognize the uncertainties associated with understanding the
physical mechanism that produces earthquakes in the NMSZ, as well as within Stable
Continental Regions (SCRs), in general. The moment rate analysis was performed to
explore one possible model of earthquake occurrence for magnitude M,7.8 to 8.4
earthquakes (Johnston, 1996) in the NMSZ. Altemative models, such as that proposed
by Kenner and Segall (2000), provide additional information on the possible association
of maximum magnitude and earthquake recurrence. We also recognize the uncertainty
associated with estimates of crustal rigidity (shear modulus) and down-dip geometry of
faults within the NMSZ. Our analysis did not intend to understate these uncertainties, but
only to provide one model (a moment-rate model) relating earthquake magnitude to
earthquake recurrence using reasonable input parameters. We do feel strongly that the
rate of strain accumulation (through tectonic or isostatic forces) ultimately must balance
with the rate of strain release (through seismic or aseismic processes), and thus there is
an important linkage within the physical process between earthquake magnitude and
earthquake recurrence.

As stated above, our analysis of moment rate for the NMSZ was not directly used to
develop our estimate of magnitude distribution or earthquake recurrence for the NMSZ.
These parameters were developed through review of current published and unpublished
literature, and were intended to capture the range of opinion in the informed technical
community. An updated evaluation of maximum magnitude is provided in response to
RAI 2.5.2-5. Because the moment-rate analysis was not directly used in the Grand Gulf
ESP hazard analysis, SSAR Section 2.5.2.1.2.4 will be deleted from the SSAR.
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SSAR Revisions:

SSAR Section 2.5.2.1.2.4 will be deleted
SSAR Tables 2.5-11 and 2.5-12 will be deleted

See file: 001_ESP-SSARdraftrevi_12-01-2004.pdf
043SSARTable2.5-1 draftrevl_11-19-2004.pdf
044_SSARTable2.5-12draftrevi_11-1 9-2004.pdf
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Request:

RAI 2.5.2-3

SSAR section 2.5.2.2.2 provides a brief statement that the Electric Power Research
Institute (EPRI) SOG's a- and b-values were converted from Mb to Mw for the hazard
calculations. Please provide the details of the steps and equations employed in this
conversion so that the staff can evaluate their validity. Also, provide the details of
where in the hazard calculation this conversion is performed.

Response:

In the Grand Gulf PSHA calculation, the following steps were taken to convert mb to
Ml.

1. As input to the seismic hazard calculation, the user provides the following (with
respect to converting from mb to Mw):

a. For each seismic source the user identifies whether seismicity parameters are
defined in terms of mb or M,. This flag is to indicate whether the magnitude
conversion is required during the hazard calculation.

b. The parameters of the mb-Mw relationships are input along with the probability
weight assigned to each relationship.

2. For a given seismic source, the seismic hazard is computed by integrating over
earthquake magnitude and distance. As part of the magnitude integration, the
frequency of occurrence of earthquakes in a magnitude interval (defined by the
integration step size) is computed. This calculation is performed for the magnitude
scale (mb or Mw) originally input for a seismic source.
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3. For seismic sources whose seismicity is defined in terms of mb, the conversion to
M, is performed prior to the call to the routine that computes ground motions. The
conversion is made for the central mb value in a magnitude interval.

This step is skipped if the seismicity parameters for a seismic source are defined
in terms of M,.

4. At this point, ground motions are estimated for a given M, and distance pair.

5. For seismic sources whose seismicity is defined in terms of mb, Steps 3 and 4 are
repeated for each mb-MW relationship input by the user.

In the Grand Gulf PSHA three relationships were used to convert mb to M,. The
relationships, which were equally weighted, were EPRI (1993), Atkinson-Boore (1995)
and Johnston (1996). The equations for these relationships are:

Authors Equation
EPRI (1993) mb = -10.23 + 6.105M, -0.7632MW2 +0.03236MW3

Atkinson and Boore (1995) Mw = -0.39 + 0.9 8mb mb <= 5.5

K, = 2.715 -0.277mb + 0.127 mb mb > 5.5

Johnston (1996) Mw = 3.45 - 0.473 mb + 0.145 mb2

SSAR Revisions:

None

References:

Atkinson, G.M. and D.M. Boore (1995). Ground-Motion Relations for Eastern North
America, Bulletin of the Seismological Society of America, v. 85, n. 1,17-30.

Electric Power Research Institute (1993). Guidelines for Determining Design Basis
Ground Motions. Volume 5: Quantification of Seismic Source Effects, EPRI
Report TR-1 02293, November 1993.

Johnston, A.C., Seismic Moment Assessment of Earthquake in Stable Continental
Regions- III. New Madrid 1811-1812, Charleston 1886 and Lisbon 1755,
Geophysical Journal International, v. 126, p.314-344,1996.

Request:

RAI 2.5.2-4

Figure 2.5-47 of the SSAR for Grand Gulf shows the estimated rate of earthquakes of
magnitudes from 5 to 6 using the Electric Power Research Institute/Seismic Owners
Group (EPRI/SOG) and updated catalogs. This figure's vertical axis is labeled
frequency of exceedance per year. Does a point at magnitude 5 correspond to the
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mean annual frequency of magnitude 5 and above, or magnitude 5.1 and above, or to
some other rate of earthquakes? In addition, what b-value or range of b-values were
used to generate the curves in this figure?

Response:

A point on the magnitude-frequency curve corresponds to the frequency of
exceedance of the magnitude value one uses to enter the curve. So for example, the
point at magnitude 5 corresponds to the annual frequency of events of magnitude 5
and above.

The magnitude-frequency curve that is provided in the figure corresponds to a single
a- and b-value pair. Thus, the curve that is shown does not correspond to the mean of
a set of alternative estimates of the seismicity parameters.

The b-value used to generate the magnitude-frequency curves is 0.91. This b-value
corresponds to the value calculated using EPRI program EQPARAM assuming
homogeneous seismicity. The b-value of 0.91 was computed for both the original
EPRI-SOG catalog and the updated catalog.

SSAR Revisions:

None

Request:

RAI 2.5.2-5

In characterizing the seismic hazard of the New Madrid seismic source zone, (Draft
SSAR 2.5.1.1.5.6, 2.5.2.1.2.2, and Draft Table 2.5-10) cite the preferred magnitudes
of Bakun and Hopper (2003, in press) for the New Madrid main shocks of 1811-12 as
Mw 7.2, 7.1, and 7.4. The work of Bakun and Hopper (2003, in press; Reference 115)
has been withdrawn and revised with corrected magnitude estimates for the 1811-12
New Madrid main shocks as M 7.6, 7.5, and 7.8 (Bakun and Hopper, 2004, Bull.
Seism. Soc. Am., v. 94, no. 1, p. 64-75).

1. Please explain what changes these revised magnitude estimates may require
in the analysis and provide corrected copies of any affected tables and figures.

2. Please quantify the effect of the revised magnitude estimates on hazard at the
site by providing a graph showing two long-period (ca. 1 Hz) hazard curves,
one using the magnitudes of Bakun and Hopper (2003, in press) and the
second using the magnitudes of Bakun and Hopper (2004). Other parameters
should be held constant for both curves and the curves should extend to an
annual probability at least as small as 10 5.

Response:

As indicated in the RAI, the work of Bakun and Hopper (2003, in press) was used as
one source of information to estimate the range in earthquake magnitudes for the New
Madrid seismic zone (NMSZ). The NMSZ is divided into three distinct fault segments:
the New Madrid South fault (NS), the Reelfoot fault (RF), and the New Madrid North
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fault (NN). The NS and NN segments also are referred to as the Blytheville Arch fault
and East Prairie fault, respectively. The NS fault lies 249 miles from the Grand Gulf
site at its closest approach, and is the closest of the three NMSZ faults to the site.
Thus, any updates or revisions to the magnitude estimate for the NS fault would have
the greatest potential significance, if any, on hazard at the site.

In late 2003, the manuscript by Bakun and Hopper (2003, in press) was withdrawn
and published as Bakun and Hopper (2004) with revised estimates for the magnitudes
of the 1811-1812 earthquake sequence. Bakun and Hopper (2004) present two
intensity attenuation models (Models 1 and 3) for estimating earthquake magnitude
from intensity data, and prefer Model 3 as their best estimate. Their estimate of
intensity magnitude (Mi), which is their preferred estimate for moment magnitude (Mw),
is listed below (RAI Table 2.5.2-5-1) for each of the events in the 181 1-1 81 2
earthquake sequence.

RAI Table 2.5.2-5-1

Event Probable Bakun and Bakun and Hopper 2004
Fault Hoppere203 Model 1 Model 3

(in press) I___ ___ ___

16 December 1811 New Madrid M, 7.2 M, 7.2 M, 7.6
South (6.8 to 7.9) J (7.2 to 7.9)

23 January 1812 New Madrid Mw 7.1 Mw 7.2 1 M, 7.5
North (6.8 to 7.8) ! (7.1 to 7.8)

7 February 1812 Reelfoot M, 7.4 Mw 7.4 | M, 7.8
(7.0 to 8.1) I (7.4 to 8.1)

In addition to the Bakun and Hopper (2004) publication, Mueller et al. (2004) used
instrumentally recorded aftershock locations and models of elastic stress change to
develop a kinematically consistent rupture scenario for the mainshock earthquakes of
the 1811-1812 New Madrid sequence. Mueller et al. (2004) generally reconfirm the
Hough et al. (2000) estimated location and magnitude for the NS and RF events (M,
7.3 and 7.5, respectively), but suggest that the 23 January 1812 event may have
occurred north of the NN fault somewhere in southern Illinois or southern Indiana with
a lower maximum magnitude of M, 6.8 rather that M, 7.0.

The Exelon Generation Company (EGC, 2004) performed a sensitivity analysis of
these more recently published magnitude estimates on seismic hazard at the Clinton
ESP site in Illinois. This sensitivity analysis was performed in response to a Request
for Additional Information by NRC staff (EGC, 2004 RAI 2.5.1-1). In response to the
RAI, EGC also interviewed Dr. Susan Hough, Dr. Bill Bakun and Dr. Arch Johnston to
obtain current information on magnitude estimates for the 1811-1812 earthquake
sequence. In addition to the published revisions by Mueller et al. (2004) and Bakun
and Hopper (2004), Dr. Johnston indicated that his 1996 published estimates
(Johnston, 1996) will be revised downward in an upcoming publication approximately
0.2 to 0.3 magnitude units for each of the 1811-1812 earthquake events, (EGC, 2004,
RAI 2.5.1-1).

Given their review of these recent studies, EGC (2004) concludes that uncertainty
continues to exist in the research community regarding the size and location of the
1811-1812 earthquake sequence. We concur with this conclusion. EGC (2004)
provides a suggested revision to the maximum magnitude assessment for faults within
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the New Madrid seismic source (NN, RF and NS faults). Their table and assumptions
are given below:

RAI Table 2.5.2-5-2
Suggested Revision to the Magnitude Distributions for

Characteristic New Madrid Earthquakes

Characteristic Characteristic Magnitude for Individual Faults Weight
Earthquake (mom ent magnitude [Mw])
Rupture Set New Madrid Reelfoot New Madrid

South Thrust North
1 7.8 7.7 7.5 0.1667
2 7.9 7.8 7.6 0.1667
3 7.6 7.8 7.5 0.25
4 7.2 7.4 7.2 0.083
5 7.2 7.4 7.0 0.1667
6 7.3 7.5 7.0 0.1667

Rupture sets 1 and 2 correspond to the revised Johnston (1996) preferred estimates,
rupture sets 3 and 4 correspond to the revised Bakun and Hopper (2004) Model 3 and
Model 1 estimates, respectively, and rupture sets 5 and 6 correspond to the Hough et
al. (2000)/Mueller et al. (2004) preferred estimates. EGC (2004) gave equal weight to
each author (1/3) and equally divided this weight for each rupture set, with the
exception of Bakun and Hopper (2004) where more weight was given to their
preferred Model 3 than to their alternative Model 1. Rather than duplicate the effort by
EGC and to provide consistency in characterizing the New Madrid Seismic Source, we
adopt the EGC (2004) summary of magnitude distribution and assigned weights given
the information published in 2004 and ongoing work by Johnston (unpublished).

Given this revised maximum magnitude assessment, the weighted maximum
magnitude for the NS fault is M, 7.53. This compares to the weighted maximum
magnitude of M, 7.54 given in the Grand Gulf ESP SSAR section 2.5.2.1.2.2 (M, 7.3
(0.4), M, 7.7 (0.5), and Mw 8.1 (0.1)). Given the general range in magnitude
distribution shown in RAI Table 2.5.2-5-2 from M, 7.2 to 7.9 for the NS (Blythville
Arch) fault and the nearly identical weighted maximum magnitude of 7.53 (versus 7.54
in the SSAR), we conclude that the magnitude distribution and weighting provided in
the SSAR captures the range of uncertainty in the professional community.

EGC (2004) performed a sensitivity analysis to test the impact of the revised
magnitude distribution and weighting on median and mean rock hazard for 1 Hz
spectral acceleration at the EGC ESP site in Clinton, Illinois. Their results show an
increase of approximately 3 to 4 percent at the median and mean hazard levels.
Although we have not performed a similar quantitative analysis, given the distance to
the GGNS ESP site from the New Madrid faults (>249 miles), lack of change in the
overall weighted maximum magnitude for the NS fault, and reduction in the maximum
considered magnitude from M, 8.1 to 7.9 for the NS fault, we do not anticipate a
significant change in hazard at the site at 1 Hz spectral acceleration.

In addition, the current hazard analysis provided in the GGNS ESP Application (SSAR
Section 2.5.2.2) conservatively uses only attenuation relationships for the mid-
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continent to estimate ground motion at the site from the NMSZ, even though the
GGNS ESP site lies within the Mississippi Embayment. Attenuation relationships for
the Mississippi Embayment show that ground motions attenuate more rapidly with
distance than within the mid-continent. For these reasons, we conclude that the
revision to magnitude distribution for the NMSZ published since submittal of the
GGNS ESP Application will not significantly change the median 10 5 hazard at the site.

SSAR Revisions:

None

References:
Bakun and Hopper (2003, withdrawn). The 1811-1812 New Madrid, Missouri, and the

1886 Charleston, South Carolina, Earthquakes, Bulletin of the Seismological
Society of America.

Bakun, W.H., and Hopper, M.G., 2004, Magnitudes and Locations of the 1811-1812
New Madrid, Missouri, and the 1886 Charleston, South Carolina, Earthquakes:
Bulletin of the Seismological Society of America, v. 94, no. 1, p. 64-75.

EGC, 2004, Response to Request for Additional Information (RAI) Letter No. 7 -
Exelon Early Site Permit (ESP) Application for the Clinton ESP Site (TAC No.
MC1122), October 11, 2004.

Johnston, A.C., and Schweig, E.S., 1996, The enigma of the New Madrid earthquakes
of 1811-1812, Ann. Rev. Earth Planet Sci., 24, p. 339-384.

Hough, S.E., Armbruster, J.G., Seeber, L., and Hough, J.F., 2000, On the Modified
Mercalli intensities and magnitudes of the 1811-12 New Madrid earthquakes,
Journal of Geophysical Research, v. 105, p. 23,839-23,864.

Mueller, K., Hough, S.E., and Bilham, R., 2004, Analysing the 1811-1812 New Madrid
earthquakes with recent instrumentally recorded aftershocks: Nature, v. 429, p.
284-288.

Request:

RAI 2.5.2-6

SSAR 2.5.2.1.1 and Table 2.5-8 summarize maximum magnitudes (Mw(max)) and
fractional weights developed by the six EPRI Earth Science Teams (ESTs) as part of
the 1986 EPRI-SOG Project (Reference 9) for the seismic source zones surrounding
the ESP site. In consideration of the 1994 EPRI study of Arch Johnston,
"Seismotectonic Interpretation and Conclusion from the Stable Continental Region
Seismicity Database," please provide a justification for not updating the EPRI EST
seismic source characterizations to give more weight to larger magnitude
earthquakes.

Response:

Based on the guidance provided in Regulatory Guide 1.165, which was used in the
Grand Gulf ESP, an estimate for the seismic hazard which uses the EPRI SOG
methodology and data (1986, 1989) must consider whether there is new Earth
Sciences information that has become available since the original study was
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conducted that would require an update of the parameters in the analysis. With this
guidance, we reviewed existing literature and information published since completion
of the 1986-1989 EPRI SOG study. This included updating the 1986 EPRI seismicity
catalog, and reviewing the Johnston et al. (1994) EPRI study and the 2002 USGS
National Seismic Hazard study (Frankel et al., 2002), as well as other studies. The
updated seismicity catalog is described further in response to RAI 2.5.1-1. The
updated seismicity catalog does not show a change in maximum magnitude seismicity
distribution, or rate of occurrence since the 1986 EPRI SOG study, and thus does not
require a change to the maximum magnitude estimate for background source zones in
the Grand Gulf ESP Site Region.

The Johnston et al. (1994) and Frankel et al. (2002) studies provide additional
information on maximum magnitude for the background source zone in the Gulf
Coastal Plain. As described below, this information is encompassed within the
uncertainty bounds of the EPRI SOG (1986, 1989) study and, thus, Regulatory Guide
1.165 does not require revision to the EPRI SOG source model. Appendix E of
Regulation Guide 1.165, specifies that the EPRI study is an acceptable methodology
for the evaluation of seismic hazard with the caveat 'If new information identified by
the site-specific investigations would result in a significant increase in the hazard
estimate for a site, and this new information is validated by a strong technical basis,
the PSHA may have to be modified to incorporate the new technical information."

In 1994, EPRI published a five-volume study on "The Earthquakes of Stable
Continental Regions" (Johnston et al., 1994). Volume 1 of the study, 'Assessment of
Large Earthquake Potential", presents results from a worldwide database of
earthquakes within stable continental regions (SCRs) to access the relationship, if
any, between maximum magnitude and specific tectonic environments. As stated in
the introduction to this volume: "Part of the focus of the early phase of this work was
the evaluation of existing methods for assessing maximum earthquakes and
preliminary development of new methods for use by the earth science teams in the
EPRI-SOG seismic hazard analysis for the Central and Eastern United States
(CEUS)" (Johnston et al., 1994, page 1-1).

The Johnston et al. (1994) EPRI study was initiated in the mid 1980s to examine the
assessment of maximum magnitudes in SCRs for specific use in the EPRI SOG
seismic hazard analysis for the CEUS. The study makes the fundamental observation
that the largest SCR earthquakes appear to be associated with tectonic domains of
Mesozoic and younger extended crust. Initial results of the study (Coppersmith et al.,
1987), "Methods for assessing maximum earthquakes in the central and eastern
United States," were provided to the EPRI earth science teams (ESTs) for the EPRI
SOG PSHA. Thus, the observation of the Johnston et al. (1994) worldwide database
associating the largest SCR earthquakes with Mesozoic and younger extended crust
was known to the ESTs at the time of the EPRI SOG study. However, given the
preliminary nature of the database at the time, the ESTs generally used a variety of
approaches (and philosophies) to estimate maximum magnitude, and incorporated a
large degree of uncertainty in their estimates. Several of the EPRI earth science
teams explicitly refer to the preliminary worldwide database in their estimate of
maximum magnitudes for seismic sources in the central and eastern United States.
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Based in part in the Johnston et al. (1994) study, the USGS National Hazard Map
(2002) adopted a maximum magnitude of M, 7.5 for background seismicity in the Gulf
Coastal region and assigned a weight of 1.0 to this value, suggesting that the informed
technical community of seismologists/geologists agrees in unanimity with the estimate
of this parameter. We believe, rather, that a weight of 1.0 implies a higher level of
certainty for the maximum magnitude in the Gulf Coastal plain then is warranted by
the available information.

The six earth science teams that participated in the EPRI SOG seismic hazard project
evaluated seismicity parameters and maximum magnitudes as part of an expert
elicitation process in which epistemic uncertainties were explicitly evaluated. This
elicitation process corresponded to a Senior Seismic Hazard Advisory Committee
(SSHAC) Level 4 analysis. The ESTs were aware of the fundamental observation that
the largest SCR earthquakes are associated with Mesozoic and younger extended
crust and presumably considered this information in their deliberations and expert
elicitation process.

For example, Johnston et al. (1994) state that, 'The results of this study lend support to
preliminary indications from this work (e.g. Coppersmith, 1991, Coppersmith et al., 1987)
that were used in the assessments of maximum magnitude for seismic source zones in
the EPRI SOG seismic hazard methodology." Thus, in a general sense, results from the
Johnston et al. (1994) study were incorporated into the thought process and analysis of
the initial EPRI EST source characterization. An estimate of M, 7.5 (mb 7.2) for the Gulf
Coastal region is within the upper range of the Dames and Moore EST estimate of
maximum magnitude. As such, the EPRI source model considered such an estimate
to be credible, albeit with low weight.

The Gulf Coastal Plain of the southern United States lies within the Gulf Coast domain
of Mesozoic and younger extended crust defined by Johnston et al. (1994). However,
in the site vicinity there are no known Mesozoic or younger tectonic structures that
may be reactivated, for example, similar to the faults within the New Madrid Seismic
Zone (SSAR Figure 2.5-3). In addition, the site region is underlain by relatively
undeformed Cretaceous and younger strata over 10,000 feet thick (SSAR Figure 2.5-
6). The absence of faulting within these strata show that faults capable of providing
M, 7.5 earthquakes likely are not present in the Grand Gulf Site Region.

Given the extremely low rate of historic seismicity combined with the absence of
observed late Cenozoic geologic or tectonic deformation in the Site Region, it is our
opinion that we do not have a strong technical basis to alter the magnitude distribution
and weights assigned by the ESTs during their SSHAC Level 4 elicitation process. In
contrast, additional information for the Saline River Source Zone does provide a
strong technical basis to alter the EPRI SOG source model, and this new source zone
was added for the Grand Gulf ESP seismic hazard study.

In our opinion, therefore, the final results of the Johnston et al. (1994) and 2002 USGS
(Frankel et al. 2002) studies do not provide new information that would significantly
change the maximum magnitude estimates, probability of occurrence, recurrence
models or source zone geometries of the 1989 EPRI SOG seismic source model.
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SSAR Revision:

None

References:

Johnston, A.C., Coppersmith, K.J., Kanter, L.R., and Cornell, C.A., 1994, The
Earthquakes of Stable Continental Regions: Volume 1 - Assessment of Large
Earthquake Potential; Electric Power Research Institute TR- 102261-VI

Coppersmith, K.J., Johnston, A.C., Metzger, A.G., and Arabasz, W.J., 1987, Methods
for assessing maximum earthquakes in the central and eastern United States;
Electric Power Research Institute Research Project 2556-12

Electric Power Research Institute (EPRI), 1986, Seismic-hazard methodology for the
central and eastern United States, Electric Power Research Institute Project
P101-19 Final Report NP-4726, volumes 1-10, including seismicity catalog, no
sequential page numbers.

Electric Power Research Institute (EPRI), 1989, EQHAZARD Primer, NP-6452-D,
Research Project P101-46; Prepared by Risk Engineering, Inc.

Frankel, A., Petersen, M., Mueller, C., Haller, K., Wheeler, R., Leyendecker, E.,
Wesson, R., Harmsen, S., Cramer, C., Perkins, D., and Rukstales, K., 2002,
Documentation for the 2002 update of the national seismic hazard maps, U.S.
Geological Survey Open-File Report 02-420, available at
geohazards.cr.usgs.gov/eq/
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Request:

RAI 2.5.2-7

SSAR 2.5.2.1.3 characterizes the Saline River source zone, and Table 2.5-13
describes the calculation of recurrence intervals for characteristic earthquakes in the
zone. Both parts of the SSAR list preferred slip rates of 0.01, 0.05, and 0.10 mm/yr,
and the table assigns weights of 0.6 to the recurrence estimates calculated from slip
rates of 0.05 mm/yr. The slip rates are vertical rates for which incision rates of uplifted
terraces are taken as proxies (Fig. 2.5-23, SSAR 2.5.1.1.5.9.1). However, the incision
rates are 0.05-0.09 mm/yr for a surface of age 800-1300 ka, 0.3-0.5 mm/yr for a
younger surface 70-120 ka, and 0.8-1.7 mm/yr for the youngest surface 18-30 ka.
SSAR 2.5.1.1.5.9.1 mentions no reason to prefer one of these incision rates over
another. However, younger surfaces with offsets large enough to be the result of
multiple earthquakes may be the better estimators of current and near-future slip
rates. Please explain the evidence and reasoning that led to a choice of slip rates that
are centered around the lowest of the measured incision rates (0.05 m/yr).

Response:

Fault slip rates estimated for the Saline River seismic zone were derived from both
geomorphic analysis (SSAR Figure 2.5-23) and paleoseismic investigations conducted by
Cox, et al. (2000). The rates obtained using incision as a proxy for uplift rate (SSAR
Section 2.5.1.1.5.9.1) varies from 0.05 to 1.7 mm/yr, as indicated in the RAI. The rates
obtained from paleoseismic studies using offset piercing points observed in trenches
range from 0.008 mm/yr to 0.03 mm/yr (SSAR Section 2.5.1.1.5.9.4.3). The values and
weights (in parentheses) selected for use in the recurrence model are 0.01 mm/yr (0.1),
0.05 mm/yr (0.3), and 0.1 mm/yr (0.6).

The minimum slip rate value of 0.01 mm/yr for the earthquake recurrence model was
estimated from data obtained during paleoseismic investigations along the Saline
River fault zone (Cox et al., 2000). The fault slip rate is estimated to be 0.008 to 0.03
mm/yr, based on the 30-meter offset of a secondary fault within Upland Complex
deposits exposed in the trench and a 1- to 4-million year age range of the Upland
Complex (Sites 3 and 4 of Cox et al., 2000). We have approximated this age range
and assigned a slip rate value of 0.01 for the recurrence analysis. This value is
considered a reasonable minimum slip rate value and is assigned a low weight of 0.1
in the hazard analysis.

The middle fault slip rate value of 0.05 mm/yr was estimated based on a combination
of both the 0.03 mm/yr rate derived from the paleoseismic data, and the lower bound
rate of 0.05 mm/yr rate derived from incision of the 800 to 1,300 Ka Intermediate
Complex terrace (SSAR Figure 2.5-23). Because the value of 0.05 mm/yr is
approximated by both the geomorphic data and paleoseismic data, we assign a
significant weight of 0.3 for the hazard analysis.

The upper fault slip rate value of 0.1 mm/yr was estimated from the incision rate
analysis (SSAR Figure 2.5-23). This value was estimated based on the upper bound
rate of 0.09 mm/yr for incision of the 800 to 1,300 Ka Intermediate Complex terraces
and the lower bound rate of 0.3 mm/yr for incision of the 70 to 120 Ka Prairie Complex
(SSAR Figure 2.5-23). This upper fault slip rate of 0.1 is considered a reasonable
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maximum slip rate value and was assigned the highest weight of 0.6 for the hazard
analysis.

The higher fault slip rates approximated by incision of the 18 to 30 Ka Deweyville
terraces (0.8 to 1.7 mm/yr) and the upper bound rate for the 70 to 120 Ka Prairie
Terrace (0.5 mm/yr) were not included in the recurrence model. These rates are not
considered to be reasonably consistent with other lines of evidence used to
approximate the fault slip rates. Faults with high slip rate values, such as these, would
be expected to produce clearer expression of active tectonic deformation due to
repeated moderate to large magnitude earthquakes. We consider the estimated rates
of incision for the Deweyville and Prairie terraces to have been affected by changes in
hydrologic regime during the Wisconsin glacial periods (Saucier, 1994), and/or
isostatic response to crustal unloading. In addition, field reconnaissance in the Saline
River area identified discrepancies in the mapping of Deweyville terraces. The
existing mapping is regional and preliminary in nature with large associated
uncertainties. The mapping uncertainty may have resulted in misidentification of the
Deweyville and Prairie Complex terraces leading to overestimation of incision rates.
Therefore, we consider the incision rates associated with the Intermediate Complex
terraces, and lower bound values associated with the Prairie Complex terraces, to be
more representative of the inferred fault slip rates than the upper bound rates
associated with the Prairie Complex, or the full range of rates associated with the
Deweyville terraces.

The weights of slip rates selected for use in the hazard analysis are 0.01 mm/yr (0.1),
0.05 mm/yr (0.3), and 0.1 mm/yr (0.6) (SSAR Table 2.5-13, Draft Rev. 1). The values
and weights were mistakenly reported in the SSAR as 0.01 mm/yr (0.1), 0.05 mm/yr
(0.6), and 0.1 mm/yr (0.3). This error in description of the weighting will be corrected
in the SSAR. The weighting used in the hazard analysis places the predominant
weight on the highest slip rate value and therefore is a conservative assessment of the
hazard. The analysis places a 90% weighting on the middle and upper estimates of
slip rate used in the hazard assessment.

SSAR Revisions:

Section 2.5.2.1.3.5.2, entitled Slip Rate, will be modified. Table 2.5-13 will be revised
to correct the weighting of slip rates and recurrence intervals.

See files: 001 ESP-SSAR draft revl 12-01-2004.pdf
016_SSARTable2.5-13draftrevi_11 -19-2004.pdf

Reference:

Cox, R.T., Van Arsdale, R.B., Harris, J.B., Forman, S.L., Beard, W., and Galluzzi, J.,
2000, Quaternary faulting in the southern Mississippi Embayment and
implications for tectonics and seismicity in an intraplate setting, Geological
Society of America Bulletin, v. 112, No. 11, p. 1724-1735, 8 figures, 2 tables.

Saucier, R.T., 1994, Geomorphology and Quaternary Geologic History of the Lower
Mississippi Valley, U.S. Army Corps of Engineers, U.S. Army Engineer
waterways Experiment Station, Vicksburg, Miss.
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Request:

RAI 2.5.2-8
SSAR Figures 2.5-48 through 2.5-54 show hazard curves for 0.5 Hz, 1 Hz, 2.5 Hz, 5
Hz, 10 Hz, and 25 Hz Sa. In each figure, the mean curve is shown above or
approximately coinciding with the 0.85 fractile curve for higher spectral accelerations.
Please explain this asymmetry.

Response:

The results of a PSHA in which the epistemic uncertainty is modeled produces a
probability distribution on the estimate of the annual frequency of exceedance of
ground motions. Experience indicates this distribution is not symmetric (e.g., not
Gaussian), and is typically skewed and approximately lognormal in shape (EPRI,
1989, Sobel, 1994). As a consequence the mean of this distribution is skewed (is
higher) with respect to the median. The degree of skewness is a function of the
epistemic uncertainty. As the epistemic uncertainty increases, the tendency is for the
mean to correspond to higher fractile estimates of the frequency of exceedance.

In the Grand Gulf PSHA there are a number of factors that contribute to increased
epistemic uncertainty as compared to the EPRI SOG calculation. These are the
added uncertainty associated with the conversion from mb to M, and the uncertainty in
the new EPRI 2003 ground motion model. The new EPRI 2003 ground motion model
has somewhat higher epistemic uncertainty than the models used in the EPRI SOG
calculations, particularly for higher frequency ground motions.

SSAR Revisions:

None

References:

Electric Power Research Institute, Probabilistic Seismic Hazard Evaluations at Nuclear
Plant Sites in the Central and Eastern United States: Resolution of the
Charleston Earthquake Issue, Report NP-6395-D, Palo Alto, CA, April 1989.

Sobel, P. Revised Livermore Seismic Hazard Estimates for Sixty-Nine Nuclear Power
Plant Sites East of the Rocky Mountains, NUREG-1488, U.S. Nuclear
Regulatory Commission, April 1994.

Request:

RAI 2.5.2-9

SSAR 2.5.2.2.5.1 and Figures 2.5-57 and 2.5-58 describe the deaggregation results.
The Saline River source zone is 130-330 km distant from the site (Figure 2.5-19) and
is presumed to have earthquakes as large as 6.0-7.0 (SSAR 2.5.2.1.3.3). However,
those distance and magnitude bins make no contributions to the deaggregation
graphs. Please explain this apparent discrepancy.
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Response:

The purpose of the magnitude-distance deaggregation is to provide a measure of the
relative contribution of events (of different magnitude-distance pairs) to the total
hazard. The deaggregation graphs in the SSAR show the relative contribution of
earthquakes to the 10-5 median. The fact that events associated with the Saline River
source (and all sources in this distance range) do not contribute to the 10-5 median
hazard for the Grand Gulf site is primarily due to the fact that the overall rate of
earthquake occurrences (M, > 5) at these distances is extremely low. Further, the
rate of occurrence of earthquakes of magnitude 6.0-7.0 is thus much lower. The result
is that the estimated ground motion hazard at the Grand Gulf site is extremely low
and, in a relative sense, makes little or no contribution to the 10 5 median hazard.

SSAR Revisions:

None

Request:

RAI 2.5.2-10

SSAR 2.5.2.2.5.2 and Table 2.5-16 describe the computed controlling earthquakes for
low and high frequencies (1-2.5 Hz and 5-10 Hz, respectively). The table lists the
controlling earthquake for high frequencies to be M 6.3 at 82 km from the site.
However, the high frequency deaggregation graph (Figure 2.5-58) shows no
contribution from the magnitude-distance bin that contains the controlling earthquake.
Please explain this discrepancy.

Response:

As described in Regulatory Guide 1.165, the controlling earthquake for a given
frequency range is the mean magnitude and mean distance of the deaggregation
distribution. In cases where the deaggregation distribution is multi-modal, or for the
Grand Gulf case bimodal, the resulting mean may not correspond to the magnitude
values that are actually defined in the distribution.

There are a number of factors that contribute to the bimodal nature of the magnitude-
distance distribution. These are:

1. The seismicity (rate of earthquake occurrences) in proximity (in the distance range
0-50 km) to the Grand Gulf site is extremely low.

2. The maximum magnitudes in the vicinity of the site are low.

3. For seismic sources in the vicinity of the site, the EPRI 2003 Gulf Coast region
attenuation models were used. These models have a high rate of attenuation,
thus reducing the ground motions that may occur at the site.

4. The rate of occurrence of characteristic events associated with the three New
Madrid seismic sources that were modeled in the Grand Gulf PSHA is high,
relative to the seismicity in the vicinity of the site. In addition, the size of the
characteristic events is very high. As a result, these events can produce ground
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motions at the Grand Gulf site and we find that their relative contribution to the
median 1 O5 median hazard is high, in comparison to the smaller, nearby events
(M, < 6 and R < 100 km).

5. In the PSHA, ground motions generated by the New Madrid seismic zone are
modeled using the Mid-continent ground motion parameters in the EPRI 2003
ground motion model. In comparison to the Gulf Coast parameters of the EPRI
2003 ground motion model which is used for seismic sources in proximity to the
site, the rate of attenuation with distance of the Mid-continent models is less.

The first three factors listed contribute to low estimates of the seismic hazard at the
site, on an absolute scale, for earthquakes that occur within 200 km. The final two
factors result in high relative seismic hazard at the site as a result of New Madrid
events (relative to the frequency of ground motions estimated for events that occur
closer to the site) associated with the New Madrid seismic sources that were added to
EPRI SOG model as part of the Grand Gulf ESP.

SSAR Revisions:

None

Request:

RAI 2.5.2-11

Section 2.5.2.3 indicates that Approach 2A was used to generate the soil uniform
hazard spectrum (UHS) corresponding to the defined hardrock UHS, following the
procedures of NUREG/CR-6728, "Technical Basis for Revision of Regulatory
Guidance on Design Ground Motions: Hazard and Risk Consistent Ground Motions
Spectra Guidelines." The procedure generally recommended in NUREG/CR-6728 for
deep soil sites is Approach 2B and is the method that has been used to generate
design spectra at the ground surface at a number of other soil sites. Please provide
the basis for using Approach 2A as opposed to what is generally regarded as the
more appropriate method 2B.

Response:

The use of Approach 2A, which employs the 1 to 2 Hz and 5-10 Hz scaled spectra to
drive the soil column is considered appropriate because of the narrow range in
earthquake magnitude contributions to the UHS at low- and at high-frequency. This
range is only about 0.7 magnitude units. As a result, considering the range in
magnitude at 1 to 2 Hz and at 5 to 10 Hz in site response (Approach 2B) is not
warranted.

SSAR Revisions:

Section 2.5.2.3 of the SSAR will be revised to provide rationale for using Approach 2A
for the Site Response analysis.

See file: 001_ESP-SSARdraftrevi_12-01-2004.pdf
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Request:

RAI 2.5.2-12

Section 2.5.2.5 describes the resulting soil UHS developed from the site response
calculations corresponding to the given rock UHS. This spectrum is shown in Figure
2.5-67 and is indicated to have a spectral acceleration at 100 Hz of about 0.2g. The
corresponding vertical spectrum is developed for the ESP site by using the vertical-to-
horizontal (V/H) ratios generated from the Regulatory Guide (RG) 1.60 criteria spectra.
What is the basis for this selection and how does it compare with more recent
recommendations for V/H ratios available in the literature?

Response:

V/H ratios are dependent on site conditions (rock verses soil), magnitude, and
distance (Silva, 1997). Deep soil empirical V/H ratios increase with magnitude and
decreasing source distance, within about 50 km. Beyond about 50 km, deep soil
empirical V/H ratios at M 7.5 have a maximum of about 1 near 15 Hz and decrease to
about 0.5 at 2 Hz and below. At high frequency (> 15 Hz) the ratios decrease to about
0.8. At larger distances (> 50km), the V/H ratios decrease somewhat at high-
frequency with increasing distance and remain rather constant at about 0.5 at low-
frequency. For source distances beyond 50 km, the Regulatory Guide (RG) 1.60 V/H
criteria are considered to reflect an adequately conservative estimate of site-specific
vertical motions.

SSAR Revisions:

None

Reference:

Silva, W.J., 1997, Characteristics of vertical strong ground motions for applications to
engineering design, Proc. Of the FHWA/NCEER Workshop on the Nat'l
Representation of Seismic Ground Motion for New and Existing Highway
Facilities, I.M., Friedland, M.S Power and R. L. Mayes eds., Technical Report
NCEER-97-001 0.

Request:

RAI 2.5.4-1

Section 2.5.4.1.2 presents a general description of the soil profile at the site. Section
2.5.4.1.3.4 describes the Catahoula formation as hard clay and claystone. Section
2.5.4.1.2 and Sections 3.2 and 10.4 of Environmental Report (ER)-02 indicate that this
material is Miocene in age, is often referred to as "bedrock," and is labeled as the
primary load-bearing component for safety related facilities. The Miocene deposits are
described in Section 2.5.1.1.4.2.3.2 of the SSAR as a succession of clays and sandy
clays interspersed with lens of fine sands, sandstone and gravels that extend to great
depths throughout the Gulf region.

Only three new borings were taken at the site since Borings 2 and 2A are essentially
at the same location and no samples were taken in Boring 2A over the depth range



CNRO-2004-00077 Attachment 1
Page 37

covered by Boring 2. Of the new borings, only one (Boring 2A) reached to the depth of
the Catahoula and in this boring, no continuous core is indicated to have been taken in
this material. This section goes on to indicate that the descriptions of the profile in the
previous updated final safety analysis report (UFSAR) have been improperly
categorized as members of the Catahoula formation. With only one boring available
and no significant samples taken in this formation, what is the basis for categorizing
this relatively shallow component of the deep profile as bedrock as opposed to dense
sands and gravels? What is the impact of describing this formation as "bedrock" as
opposed to dense sands and gravels in the various site evaluations?

Response:

Considerable effort was made to evaluate and develop an internally consistent
interpretation of the site stratigraphy given the wide range of data sets available. A
discussion of the borehole investigation program performed for the ESP and integration
with earlier Grand Gulf UFSAR investigations is provided in response to RAI 2.5.4-3, and
in SSAR Section 2.5.4.1.2 and Engineering Report ER-02 Sections 3.2 and 7.7.
Descriptions from the UFSAR borings were compared to the ESP exploration
classifications to define the site stratigraphy and to make unit correlations between
borings. The nomenclature used in the ESP for the site geologic units is somewhat
different than the convention used for the UFSAR, as explained in the SSAR and ER-
02 sections listed above, and summarized in RAI Table 2.5.4-1-1, below.

Table RAI 2.5.4-1-1
Correlation Table Between ESP and UFSAR Stratigraphy

Formation Age ESP Unit UFSAR Unit
Loess(Peoria, Pleistocene Loess Loess

Roxanne,
Loveland)

Upland Complex Pleistocene Upland Complex Terrace Alluvium
Alluvium

Upland Complex Plio-Pleistocene Upland Complex Catahoula formation
Old Alluvium (upper part)

Catahoula Miocene Catahoula formation Catahoula formation
Formation (deeper part)

The stratigraphic nomenclature adopted for the UFSAR relied heavily on the regional
geologic study of Fisk (1944; SSAR Reference 31). The ESP site nomenclature was
updated and modified to be consistent with the more recent (post-UFSAR) regional
geologic studies listed below:

* Saucier, 1994; SSAR Reference 17
* Autin et al., 1991; SSAR Reference 32
* Saucier and Snead, 1989; SSAR Reference 44

These recent studies provide a better understanding of the depositional history of
Pliocene and Pleistocene sediments, and develop refined stratigraphic descriptions and
correlations. For instance, the UFSAR generic classification of "Terrace Alluvium" now
can be correlated to the Plio-Pleistocene Upland Complex alluvium. Careful examination
of the deposits encountered in the lower parts of the ESP borings, that would have been
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classified as Catahoula formation in the UFSAR, allowed us to define an older lower unit
in the Upland Complex. This thinly interbedded sequence of dense sand, silt, and clay
that we classified as Upland Complex Old Alluvium exhibits significantly lesser degrees of
lithification and coarser, less-sorted texture than the underlying partly-lithified clay-
claystone that we classify as Miocene Catahoula formation. The contact between the
Upland Complex Alluvium and Old Alluvium is an irregular erosion surface, and a
yellowish-brown slightly oxidized zone occurred at the contact in two of the ESP borings.
The UFSAR states that a zone of oxidation was found at the contact between the Terrace
Alluvium and UFSAR-defined top of Catahoula formation at, or slightly above, the
elevation of the power plant foundations. This oxidized zone helped us make the
correlation between the ESP SSAR Upland Complex Alluvium-Old Alluvium contact, and
UFSAR Terrace Alluvium-Catahoula formation contact.

Even though the nomenclature is different between the ESP SSAR and UFSAR, the
properties for the equivalent cross-correlated units are similar. For example, the general
textural description and engineering properties of ESP unit Upland Complex Old Alluvium
is essentially equivalent to the UFSAR designation of Catahoula formation into which the
existing power plant foundations are embedded. Therefore, the nomenclature change
from upper 'Catahoula formation" bedrock used in the UFSAR to dense sand and in the
gravel of the 'Upland Complex Old Alluvium" used in the SSAR does not have any
significant impact on the findings of the UFSAR and ESP SSAR.

As discussed in the ESP SSAR and UFSAR, the existing power plant foundations extend
to elevations of between 78 and 86 feet and bear within gray to gray-green, silty to sandy
clay and clayey silt with some locally indurated or cemented clay, sand, and silt seams.
This foundation bearing strata is defined as the Catahoula formation in the UFSAR, and is
correlative with the ESP SSAR Upland Complex old alluvium. As shown in SSAR Figure
2.5-78, the top of the Upland Complex Old Alluvium is irregular, and is in general about
30 to 80 feet higher in elevation at the power plant site than underneath the ESP site
area. Therefore, foundations at the ESP site would require deeper excavations extending
into the Upland Complex Old Alluvium to reach foundation conditions that are similar to
the existing plant. The existing plant foundations do not extend to the ESP-defined
Catahoula formation that consists of gray-green, hard clay to claystone that exhibits a
slight degree of induration and somewhat brittle "rock-like" behavior. The descriptions for
the ESP-defined Catahoula formation are similar to indurated and/or partly cemented
clays and silts (with some cemented sand lenses) that are described in the deeper parts
of the UFSAR borings below the bearing level of the plant foundation. We believe that
these materials are a better correlation with the regional descriptions of the Catahoula
formation (e.g., Bickner, 1996; SSAR reference 50) than the overlying less-indurated
sediments that we classify as Upland Complex Old Alluvium.

We referred to the lithified Catahoula formation in the ESP SSAR as hard clay to
claystone ("soft rock-like" brittle material) to denote the greater degree of lithification of
this unit in comparison to the overlying deposits. The shear wave velocity range of
about 1,500 to 2,830 feet per second fall within the ranges of "very dense soil and soft
rock" (IBC, 2000) and "soft, fractured and/or weak rock" (Seed and others, 2002) in
commonly-cited site response classification schemes. However, for site response
analysis, the ESP-defined Catahoula formation (clay to claystone) is not intended to
connote a hard bedrock strata, or basement rock that instead occurs at significantly
greater depth under the ESP site. The Glendon Limestone member of the Vicksburg
Group that unconformably underlies the Catahoula formation at a depth of about 435
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feet (elevation -300 feet; SSAR Figure 2.5-15) is likely the shallowest, relatively thick
and regionally extensive hard bedrock strata that underlies the site. Crystalline
basement rock underlies the ESP site at a depth on the order of about 8 to 10
kilometers (SSAR Figure 2.5-16a). Refer to the response for RAI 2.5.4-3 for a
description of the site velocity profile and extension of the profile below the depth of
ESP exploration and Catahoula formation. There is no significant impact related to
describing the Catahoula formation as "bedrock" of "soft rock-like" material as
opposed to dense sands or gravels in descriptions of site materials.

In accordance with NRC Regulatory Guide RG 1.132 and Draft Regulatory Guide DG-
1101, additional subsurface exploration should be performed during the COL phase to
verify site stratigraphy. The COL phase exploratory borings should be located based
on the final location of the new facility, the results from the ESP study, and
consideration of the locations of the existing borings to obtain information in areas
currently lacking data and to optimize further characterization of important subsurface
relationships.

SSAR Revisions:

None

References:
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Request:

RAI 2.5.4-2

Section 2.5.4.1.2 indicates that the ESP area includes cut and fill sections. The fill is of
variable thickness and was indicated to have been placed to fill the various swales
that cross the site. What is known about the character of the fill material and what
controls, if any, were placed at the time of their deposition?

Response:

Prior to development of the Grand Gulf site, a system of steep-walled, southwest-
trending drainage swales crossed portions of the ESP site. The swales were filled
during site grading to form the present upper (el. 155 feet) and lower (el. 134 feet)
pads that are encompassed by the ESP site and Proposed Power Block Area. The
localized swale fill at the ESP site is discussed in SSAR section 2.5.4.1.2, and an
infilled swale is shown in SSAR Figure 2.5-76 (cross section B-B'). However, the
extent of the infilled swales was not shown on the SSAR or Engineering Report ER-02
plan maps. Therefore, SSAR Figure 2.5-69 (a plan map of the ESP site area) will be
modified to show the locations of the infilled swales, and is presented as Figure 2.5-
69, Draft Rev. 1, on the enclosed CD-ROM. Additionally, SSAR Figures 2.5-75 to 2.5-
77 will also be modified to more-accurately show the extent of the swale fills, and the
modified figures are presented as Figures 2.5-75 to 2.5-77, Draft Rev. 1, on the
enclosed CD-ROM. As shown on Figure 2.5-69, Draft Rev. 1, the bottoms of the
swales were on the order of 30 to 50 feet below the present pad grades, and required
filling with an equivalent thickness of soil to bring the ground surface up to the present
pad grades.

The UFSAR discusses engineered structural fill placed under, and around, the power
block of the existing plant (e.g., controlled compaction to 95% relative density by
ASTM D1 557), but does not discuss the placement or engineering controls for the
swale infilling at the ESP site. Standard Penetration Test (SPT) blow counts in the fill
from ESP boring WLA B-3, located in the center of one of the swale fill areas, ranged
from 5 to 7. These blow counts are less than the underlying native loess soils (blow
counts from 11 to 13), but are within the range of loess soils in other borings. The
composition of the fill in boring WLA B-3 was a clayey silt very similar in texture to the
native loess soils, and appears to have been derived from excavation of loess in cut
areas of the site. No evidence of settlement of pavements or the filled ground surface
was observed during the ESP field work, suggesting that the fill is not unusually
compressible or prone to settlement under it's own weight, or light pavement and
vehicular loading. Proposed foundations for the ESP reactor and safety-related
facilities will be extended well below the maximum depth of the swale fills, and
therefore the fill will have no effect on these facilities. Excavations to develop a
uniform plant grade elevation of about 134 feet in the ESP area would remove much
of the fill underlying the upper pad area, but a 10 to 30 foot thick section of fill may
remain under the eastern parts of the yard area. Additional borings performed during
the COL phase will evaluate the character of the fill, and determine if it (and
underlying/adjacent loess soils) require subexcavation and replacement to minimize
settlements of appurtenant non-safety facility foundations and pavements.
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SSAR Revisions:

SSAR Figures 2.5-69, and 2.5-75 to 2.5-77 will be revised.

Text will be added to SSAR Section 2.5.4.1.3 to bolster the description of the swale
infill and explain the revised figures.

See files: 001_ESP-SSARdraftrevi_12-01-2004.pdf
017 SSARFig_2.5-69draft-revl _11-19-2004.pdf
018_SSARFig_2.5-75draftrevi_11-1 9-2004.pdf
019_SSARFig_2.5-76draftrevi_11-19-2004.pdf
020_SSARFig_2.5-77draftrev1_1 1-19-2004.pdf

Request:

RAI 2.5.4-3

Section 2.5.4.1.1 indicates that four new borings and four cone penetrometers were
installed to characterize the ESP area. It should be noted that actually only three
borings are available for the site since borings 2 and 2A are essentially at the same
location and no samples were recovered in 2A over the depth of Boring 2. The
maximum depth investigated during this program is indicated to be about 240'. In the
soil profiles developed for the site (Figs. 2.5-30 and 31), the descriptions developed
from previously available site investigations were included. How many of the original
borings were evaluated in characterizing the ESP site area and what was their
maximum depth of investigation? Presuming that these borings are also relatively
shallow, and that the site profile used in the site response analyses described in
Section 2.5.2.3 extends down to thousands of feet above the relatively hard rock
where the PSHA is defined, what additional information is available for the Grand Gulf
Nuclear Station (GGNS) site to allow characterization to the deeper depths required
for the site response?

Response:

ESP Site Investigation and Incorporation of Existing UFSAR Information

Descriptions of the ESP site geologic/geotechnical subsurface investigations and
development of the site response soil profile are provided in SSAR Section 2.5.4.1.2
and Engineering Report (ER) ER-02 Sections 3.2 and 7.7. Site characterization for
the ESP was performed by drilling two individual borings (WLA B-1 and B-3), one
composite boring that consisted of two holes at the same location (WLA B-212A), and
four Cone Penetrometer Test (CPT) soundings. The parameters for these borings
and CPT soundings are listed on SSAR Table 2.5-20. The borings and CPT
soundings were distributed throughout the ESP site as shown on SSAR Figure 2.5-69,
Draft Rev. 1. The revised plan map shows a circular "Proposed Power Block Area"
(PPBA) that supersedes the polygonal "Proposed Site Location Perimeter" that is
shown on the SSAR and ER-02 report figures, and also to show the approximate
locations of UFSAR borings within the ESP area. These changes do not affect the
results from the ESP study, as the revised circular envelope largely fits within the
polygonal perimeter area shown previously.
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The depths of WLA borings within the ESP area ranged between 141.5 and 238.0 feet
below ground surface (bgs); and the depths of CPT soundings ranged between 79.0
and 95.3 feet bgs. Drilling techniques performed in the ESP borings included mud
rotary drilling with interval hammer and hydraulic push sampling (SPT, Modified
California, and Shelby tube samplers), and limited continuous wireline core drilling.
Borehole seismic velocity surveys were performed in three of the borings.

The ESP explorations were augmented with data from twenty previous borings
performed for the UFSAR that fall within, or adjacent to, the Proposed Power Block
Area (SSAR Figure 2.5-69, Draft Rev. 1). The UFSAR borings extended to depths of
between 81.0 and 300.0 feet bgs, and were drilled with mud rotary equipment with
interval hammer drive sampling (SPT) and continuous wireline core drilling. The
combined coverage of the ESP and UFSAR borings provide sampling across the
entire PPBA at 200 to 600 feet spacings, and down to a depth of 300 feet.

One of the ESP borings (WLA B-2A), and four to possibly six, UFSAR borings (B-9, B-
22?, B-36?, B-42, B-105, and B-121) extend into dense, indurated clay to claystone
that we define as the Miocene Catahoula formation. Two of these borings included
interval wireline core sampling of the Catahoula formation:

* WLA B-2A, depth interval 233.0 to 237.5 feet
* B-42, depth interval 186.0 to 300 feet

In addition to the cored intervals, SPT testing in the ESP Site Area and UFSAR
borings (typically at 5- to 20-foot intervals) provided numerous discrete samples of the
Catahoula formation, and blow count profiles.

SSAR Figures 2.5-75 to 2.5-77, Draft Rev. 1, on the enclosed CD-ROM, are a series
of three geologic cross sections that were revised to show the PPBA. These figures
integrate the ESP and UFSAR explorations to characterize the subsurface
stratigraphy. These cross sections have good control to a depth of about 250 feet
below the existing ground surface. SSAR Figures 2.5-78 and 79 are structural contour
maps that integrate the ESP and UFSAR borehole information to characterize the
geometries of unconformable stratigraphic contacts below the PPBA. Cross sections
and structure contour maps show generally subhorizontal geologic strata separated by
eroded and irregular unconformable contacts.

The ESP site investigation program was specifically developed to obtain sufficient
information to characterize site subsurface conditions and soil variability that may
influence earthquake ground motion response and seismic hazards. The ESP site
explorations, augmented by borehole data from the UFSAR, capture the three
dimensional geometry of the strata, and variations in soil properties. The generally
consistent, horizontal stratigraphy of the site provides a high level of confidence
regarding characterization of the geologic and geotechnical conditions appropriate for
the ESP study. The site stratigraphy would be verified by additional borings during the
COL phase.

In addition to new and UFSAR subsurface information from the ESP site area, data
from a series of cross-hole seismic surveys performed for the UFSAR in four borings
at the existing power plant area was reviewed. The cross-hole velocities were
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obtained to a depth of 300 feet, and recorded at 10-foot intervals to develop a site
velocity profile. However, the cross-hole survey used explosives (poorly-controlled
source) set off in a fifth borehole, and utilized old approaches and equipment that
cannot be reliably correlated to the ESP site borehole seismic compressive and shear
wave (P-S) surveys. Therefore, the UFSAR cross-hole velocity profiles were used
only as a general comparison against the ESP site-specific data, and did not provide
information useful to augment or extrapolate the ESP profiles to greater depth.

Site Profile Extension to Depth

The combined information from the ESP site borings and CPT and UFSAR studies
were used to construct the site response velocity profile to a depth of about 300 feet.
The velocity profile was extended below a depth of 300 feet using a generic deep
profile that is developed from regional studies of the Mississippi embayment described
in the response to RAI 2.5.4-4. These studies included extensive velocity
measurements near the Memphis area and surrounding regions, and development of
regional soil columns for the Mississippi lowlands and uplands. These generic profiles
account for the depth to Paleozoic crystalline basement for long period response.

SSAR Revisions:

SSAR Figures 2.5-69, and 2.5-75 to 2.5-77 will be revised.

See files: 017_SSAR...Fig_2.5-69draftrev1_11-19-2004.pdf
018_SSAR Fig_2.5-75draftrevi_11-19-2004.pdf
019_SSAR Fig 2.5-76draft_rev1_11-1 9-2004.pdf
020_SSAR_Fig_2.5-77draft_rev1_11-19-2004.pdf

Request:

RAI 2.5.4-4

The site velocity profile used in the response calculations makes use of the site
specific soil profile described in Section 2.5.4.1 developed from the site data extending
down to a depth about 225 feet. The description provided in Section 2.5.2.3 indicates
that this profile was then placed upon a generic shear wave model for the Mississippi
embayment. Most other sites housing critical facilities and using the probabilistic
method of NUREG/CR-6728 to generate soil surface ultimate heat sink (UHS) attempt
to develop one or more base case site velocity models from site specific data available
from other information (such as well logs, deep borings, etc). What is the basis for
selecting this generic base case velocity model over any other model that may be
generated from available information for the site and its environs?

Response:

Regarding shear-wave velocity information below the local site explorations, no
measurements are known to exist within tens of kilometers of the site. Within the
southern Mississippi embayment, old water well and oil exploration boreholes exist
(some possibly with stratigraphy) but these are of little added value since the overall
stratigraphy (geology) of the embayment is quite uniform laterally. The notable
exceptions are Crowley's Ridge, located within the northeastern embayment and the
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roughly north-south division between the lowlands and uplands. Based on rather
extensive measurements near the Memphis area and surrounding regions, the
differences in stratigraphy and velocities between the lowlands and uplands extends
only to shallow depths (upper several hundred feet), is reasonably well characterized,
and is generally considered uniform throughout the embayment. A number of surface
wave analyses as well as low-frequency site amplification studies suggest generally
uniform soil column properties throughout the embayment. As a result, ground motion
hazard maps are computed with regional soil columns which differentiate lowlands
and uplands and, for long periods, depth to paleozoic basement. The depth to
Paleozoic basement is greatest along the axis of the Mississippi River near the center
of the embayment, and diminishes to zero northward near Cairo, Illinois as well as in
easterly and westerly directions from the river. The general lateral uniformity of the
deeper velocities (deeper than several hundred feet) is consistent with other large
basins (e.g., Los Angeles basin and Imperial Valley, California) and provides a basis
for employing a generic deep profile beneath the local site profile. Since the profile is
randomized, expected fluctuations are accommodated in the mean amplification,
consistent with a probabilistic hazard analysis. Additionally, differences in a mean
shear-wave velocity profile gradient, apart from the measurement-driven one that was
used, would result in very little difference in mean motions. This arises because the
low-strain damping in the deep profile (between about 200 and 3,000 feet deep)
largely controls the response for frequencies above about 1 Hz. This is constrained
by our use of a kappa value based on observations of motions recorded in the
embayment. The empirical kappa value employed is considered conservative as a
deeper sedimentary column (over 3 km at the site) over hard rock is expected to show
larger kappa values (more cumulative damping) compared to shallower sedimentary
columns.

This well known aspect of site response is clearly demonstrated in RAI Figure 2.5.4-4-
1. RAI Figure 2.5.4-4-1 shows the base case shear-wave velocity profile to the
analysis depth of 1 km along with two extreme cases for extrapolation to the hard rock
shear-wave velocity of 2.8 km/sec. The 'slow" profile reflects an assumption of
extending the velocity just beneath the site uniformly to 1 km, with a jump to the hard
rock value of 2.8 km/sec. As another extreme alternative, the 'fast" profile assumes a
linear (modeled as a stair-step) gradient with depth, reaching 2.8 km/sec at a depth of
1.0 km. Based on general experience with measured shear-wave velocity profiles in
large sedimentary basins, the "slow" and "fast" profiles may be expected to reflect
extreme (low likelihood) conditions, particularly with regard to the local and regional
overall geology.

To compare median motions computed for the three profiles, the 1 to 2 Hz scaled 10-5
Annual Probability of Exceedence (APE) spectrum is used as control motions since it
is quite similar to the UHS and sufficiently broad-band (large magnitude), compared to
the UHS, to excite the column at low- as well as high-frequency. RAI Figures 2.5.4-4-
2 and 2.5.4-4-3 show the resulting soil median motions in both logarithmic as well as
linear spectral axis, respectively. As expected, there is little difference between the
motions computed for the three profiles from 0.3 Hz to 100 Hz. At peak acceleration,
the "fast" and "slow" profiles show about a five percent increase and decrease,
respectively, in motions, compared to the base-case profile. The motions reflecting
the "fast" profile generally exceed those from the base-case by about five percent.
The largest exceedence is near a resonance at about 3 Hz where the "fast" profile
motions exceed the base-case motions by about 10%. Based on regional geology as
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well as experience with similar geology in deep basins, this "fast" profile is extremely
unlikely and would receive very low weight in a hazard analysis. These site response
analyses clearly illustrate the general insensitivity of the motions to the nature of
velocity gradients likely to exist in the deep materials beneath the site.

SSAR Revisions:

Section 2.5.2.3 of the SSAR will be revised to provide additional rationale for selecting
the generic base case velocity model for the Mississippi embayment.

See files: 001_ESP-SSARdraftrev1_12-01-2004.pdf
021 _RAI_Fig_2.5.4-4-1.pdf
022_RAI_Fig_2.5.4-4-2.pdf
023_RAI_Fig_2.5.4-4-3.pdf

Request:

RAI 2.5.4-5

Section 2.5.4.1.3 and Sections 7.0 and 8.0 of ER-02 present descriptions of shear
wave velocity properties for the various layers of the shallow profile. To perform the
probabilistic site response calculations, the base case (best estimate, BE) velocity
profile is used, together with upper and lower bound (UP and LB) shear wave velocity
values over the entire soil profile. What were the values of the BE, UB and LB
velocities selected for each primary component of the profile and what were the bases
for their selection? Were these values used in the site response calculations described
in Section 2.5.2.3?

Response:

The best estimate profile is shown in SSAR Figure 2.5-60 and is based on a visual
average of the three P-S suspension log surveys obtained from the ESP site borings
(borings WLA B-1, B-2A, B-3). The response to RAI 2.5.4-8 discusses the
development of the best estimate profile. Upper bound and lower bound profiles were
not developed, rather a profile randomization scheme was used to incorporate
expected variabilities across the site (NUREG/CR-6728). This approach is intended to
maintain the 10-5 APE hazard level of the rock outcrop UHS by developing statistically
significant estimates of the mean amplification factors for the site.

SSAR Revisions:

None

References:

McGuire, R.K., W.J. Silva and C.J. Costantino, (2001). "Technical basis for revision of
regulatory guidance on design ground motions: hazard- and risk-consistent
ground motions spectra guidelines." Prepared for Division of Engineering
Technology, Washington, D.C., NUREG/CR-6728.
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Request:

RAI 2.5.4-6

Section 2.5.4.1.7 indicates that the shear modulus reduction and hysteretic damping
models used in the site response calculations were the EPRI93 depth dependent
curves. These are generally considered appropriate for normally consolidated
cohesionless sands. As described in Sections 11.0 and 12.0 of ER-02, these curves
may not be appropriate even for the near-surface layers of the profile for which
laboratory data is available. They also may not be appropriate for any gravelly layers
in the profile which tend to behave significantly more nonlinearly than indicated by the
EPRI93 set. What is the basis for the selection of the EPRI93 curves as opposed to
other models that may be more appropriate based on site specific information
described in the geotechnical report?

Response:

RAI 2.5.4-6 requests a discussion of the basis for selection of the EPRI93 curves for
shear modulus reduction and hysteretic damping that were used for the site response
calculations. The statement in the RAI that the shear modulus reduction and
hysteretic damping curves used in the site response calculations were the EPRI93
depth dependent curves is correct but not complete. SSAR Section 2.5.4.1.7
discusses the dynamic laboratory tests that were conducted, and issues involved in
the interpretation of the laboratory test results. However, the SSAR description did not
specify which of the EPRI curves were used for the various units in the site response
analyses. Specification of which EPRI curves were assigned to the three principal
units involved in the site response analyses (loess, alluvium, old alluvium) was
included in SSAR Section 2.5.2.3. The EPRI curves corresponding to the depth
ranges for these three soil units were not used; rather, EPRI curves that represent
greater depths of normally consolidated soils were used to represent the aged and
overconsolidated soils at the Grand Gulf site. Therefore, the EPRI curves for depths
of 120 to 250 feet were used to represent the loess, the EPRI curves for depths of 250
to 500 feet were used to represent the alluvium, and the EPRI curves for depths of
500-1000 feet were used to represent the old alluvium and the underlying materials to
a depth of 500 feet. Below a depth of 500 feet, the profile was assumed to exhibit
essentially linear material properties as discussed in the response to RAI 2.5.4-4.

SSAR Section 2.5.4.1.7 references a set of figures (Figures 2.5-87 to 2.5-94) to
present the results of the dynamic laboratory tests plotted on the families of EPRI
modulus reduction and damping curves. These figures included separate plots for the
loess samples, and combined plots for the Upland Complex Alluvium and Old
Alluvium. However, these SSAR plots do not indicate which of the EPRI curves were
selected for the site response analysis. We will revise these SSAR figures to
delineate (in RED) the curves that were recommended for, and used in, the site
response analyses as SSAR Figures 2.5-87 to 2.5-94, Draft Rev. 1. In addition, we
have removed the plots for the Old Alluvium samples from Figures 2.5-93 and 2.5-94,
and show these data separately on two new SSAR Figures 2.5-95 and 2.5-96, Draft
Rev. 0.
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SSAR Section 2.5.4.1.7 discusses the rationale for adopting the EPRI curves; namely
that the shape of the curves defined by the site-specific laboratory tests are similar to
the shape of the EPRI curves. As discussed previously, the selected EPRI curve for
each soil layer actually corresponds to a greater depth than the actual depth of the
samples. Two primary reasons justify the selection of the deeper curves. The first is
that the raw laboratory data showed less modulus reduction and lower damping
values than the EPRI curves for the same depths. Likely this occurs because the
EPRI curves were developed for normally consolidated Holocene silty and clayey
sands (EPRI, 1993; SSAR Reference 170) whereas the soils at the Grand Gulf ESP
site are both older and overconsolidated. The second reason is to adjust the
laboratory test results for the effects of stress relief sample disturbance (refer to
response to RAI 2.5.4-13). As indicated in SSAR Table 2.5-26, Draft Rev. 1, the ratio
of the shear wave velocities measured in the laboratory versus the field were generally
less than unity. For example, the velocity ratio for the two samples of loess was less
than 0.7 suggesting that the samples should have been reconsolidated with a higher
value of KI in order to compensate for the effects of stress release and sample
disturbance. SSAR Figures 2.5-87 to 2.5-94, Draft Rev. 1, and new Figures 2.5-95
and 2.5-96,Draft Rev. 0, include results for test specimens of loess and alluvium
consolidated to both the estimated in situ confining pressure and four times the
estimated in situ confining pressure. As might be expected, the results for the
specimens consolidated to four times the estimated in situ confining stress showed
less modulus reduction and lower damping than the same specimens consolidated
only to the in situ confining stress. As shown on SSAR Table 2.5-26, Draft Rev.1, the
ratio of the shear wave velocities measured in the laboratory for specimens
consolidated to four times the estimated in situ stress versus the field-measured
velocities are on the order of unity. This suggests that the additional sample
consolidation produces results that better match the in situ field condition of these
soils.

The RAI correctly points out that the EPRI depth dependent curves may not be
appropriate for gravels and, indeed, the EPRI report (Reference 170) includes generic
curves for pure gravels that are relatively more nonlinear than the family of depth
dependent curves that are applicable for soils that range from gravelly sands to low
plasticity silty or clayey sands. However, at the Grand Gulf site, there are no gravel
layers as such. Rather, when gravelly materials are noted on the boring logs this
simply indicates the presence of some gravel-size particles in a sandier matrix. Such
gravelly materials are generally less than 5 feet thick and appear to be discontinuous.
Therefore, use of EPRI gravel curves would not be appropriate for the site conditions.

SSAR Revisions:

Figures 2.5-87 to 2.5-94 will be replaced with Draft Rev. 1 versions
Table 2.5-26 will be replaced with Draft Rev. I version
Text Section 2.5.4.1.7 will be replaced
New Figures 2.5-95 and 2.5-96, Draft Rev. 0 will be added

See files: 001_ESP-SSARdraftrevi_12-01-2004.pdf
024 SSAR Figc2.5-87draftrevl_11-19-2004.pdf
025_SSARjFigg.2.5-88draftrev1_11-1 9-2004.pdf
026_SSAR Fig 2.5-89draftrevl_11-19-2004.pdf
027_SSARFig_2.5-90draftrevl_11-19-2004.pdf
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028_SSARFig_2.5-91 draftrevi_11 -19-2004.pdf
029_SSARFig_2.5-92draftrev1_11-19-2004.pdf
030_SSARFig 2.5-93draftrevi_11 -19-2004.pdf
031_SSARFig 2.5-94draftrevi_11-1 9-2004.pdf
032_SSAR_Fig_2.5-95draftrevO_11-19-2004.pdf
033_SSAR Fig_2.5-96draftrevO 11-19-2004.pdf
034_SSARTable 2.5-26draaftrevi_11 -19-2004.pdf

Request:

RAI 2.5.4-7
Sections 2.5.4.1.7 together with Section 11.0 and Appendix G of ER-02 present a
detailed presentation of the laboratory dynamic test results. The shear modulus
reduction and hysteretic damping curves generated from the laboratory testing are
compared with the recommendations for cohesionless sands generated during the
EPRI93 study. The shear modulus data presented in Appendix G for samples taken
from a shallow depth are indicated to be reasonably comparable to the EPRI
recommendations for deep depths of 500 feet to 1,000 feet. The laboratory results for
hysteretic damping are also much lower than indicated from the EPRI study for
comparable depths. Section 11.0 of ER-02 indicates that although the data are similar
to the EPRI recommendations, they are much more linear and possess lower
damping. Comparison of the low amplitude velocity test data with field measurements
indicate that some sample disturbance may have occurred. Section 11.0 of ER-02
goes on to suggest a method to correct the measured data for use in the site response
calculations. In addition, some parts of the soil profile are indicated in the boring logs
of Appendix C of ER-02 to have significant gravel content. These materials would
therefore normally be expected to be much more nonlinear than the EPRI93
recommendations. Section 2.5.2 of the SSAR indicates that the EPRI93 model was
used for all layers of the deep profile. What is basis for not incorporating these effects
in the site response calculations and what could be the potential impact of these
modifications on the computed surface UHS?

Response:

Many of the issues raised in this RAI are common to those listed in RAI 2.5.4-6, and
therefore, the response to RAI 2.5.4-6 also pertain to this RAI. As discussed in
response to RAI 2.5.4-6, the effects of possible disturbance to the test specimens
resulting from stress release during sampling, and possible movements during testing
(discussed also in response to RAI 2.5.4-13) were fully accounted for in the analysis
and selection of the appropriate EPRI93 curves for shear modulus reduction and
hysteretic damping. The effects of sample relaxation were countered by examining
the results from testing of the soils at both the estimated in situ confining stress, and
four times the estimated in situ confining stress. These two data sets were plotted
together on the EPRI93 base curves as shown on SSAR Figures 2.5.4-87 to 2.5-94,
Draft Rev. 1 and new Figures 2.5-95 and 2.5-96, Draft Rev. 0, and weighted to select
the most representative EPRI93 curve. The EPRI93 curves corresponding to the
depth ranges for the three soil units were not used; rather, EPRI93 curves that
represent greater depths of normally consolidated soils were used to represent the
aged and overconsolidated soils at the Grand Gulf ESP site. Therefore, the EPRI
curves for depths of 120 to 250 feet were used to represent the loess, the EPRI93
curves for depths of 250 to 500 feet were used to represent the alluvium, and the
EPRI93 curves for depths of 500-1000 feet were used to represent the old alluvium
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and underlying materials to a depth of 500 feet. The modulus reduction and damping
curves adopted for use in the site response analysis represent the best fit to the
dynamic soil test results that correct for the effects of soil disturbance and
overconsolidation. Uncertainty and variability in these values were accounted for in
the site response modeling by developing randomizing curves about the selected base
case EPRI93 curves using an assumed log normal distribution. This randomization
process is discussed further in the response to RAI 2.5.4-8 (for shear wave velocity
input), and Calculation Package ENT0002-CP-02.

As discussed in response to RAI 2.5.4-6, no laterally-continuous, thick gravel layers
were encountered in the ESP and UFSAR borings at the site. The RAI correctly
points out that the EPRI curves may not be appropriate for gravels and, indeed, the
EPRI report (Reference 170) includes generic curves for pure gravels that are
relatively more nonlinear than the family of depth dependent curves that are stated to
be applicable for soils that range from gravelly sands to low plasticity silty or clayey
sands. However, at the Grand Gulf ESP site, there are no gravel layers as such.
Rather, when gravelly materials are noted on the boring logs this simply indicates the
presence of some gravel-size particles in a sandier matrix. Such gravelly materials
are in any case generally less than 5 feet thick and appear to be discontinuous.
Therefore, use of EPRI gravel curves would not be appropriate for the site conditions.

Because the EPRI93 curves selected as the base case for site response analysis are
appropriate for the site soil conditions, and account for sample disturbance and
overconsolidation, there is no impact on the computed surface UHS.

SSAR Revisions:

See files: 001_ESP-SSAR draftrevi_12-01-2004.pdf
024_SSARFig_2.5-87draft rev1_11-19-2004.pdf
025_SSARFig_2.5-88draft_rev1_11-1 9-2004.pdf
026_SSAR Fig_2.5-89draftrevl_11-1 9-2004.pdf
027_SSARFig_2.5-9Odraft_rev1_11-1 9-2004.pdf
028_SSARFig_2.5-91 draft rev1_11-19-2004.pdf
029_SSARFig_2.5-92draft_rev1_11-1 9-2004.pdf
030_SSAR_Fig_2.5-93draft_rev1_11-19-2004.pdf
031_SSARFig_2.5-94draft_rev1_11-19-2004.pdf
032_SSARFig_2.5-95draft_revO_11-19-2004.pdf
033_SSARFig_2.5-96draft_revO_11-1 9-2004.pdf
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Request:

RAI 2.5.4-8

Section 2.5.4.1.3 of the SSAR presents summary velocity properties for the various
layers of the shallow soil profile. Section 7.7.1 of ER-02 indicates that the loess has a
shear wave velocity that ranges from 800 to 900 feet per sec (fps). The borehole
logger data of Appendix D shows values as low as 600 fps. Table ER-02-4 indicates
values that range from about 600 fps to over 1400 fps. The best estimate (or mean
value?) is indicated in Section 8.2 of ER-02 to be 770 fps. How do these values of
shear wave velocity compare with the best estimate, upper bound and lower bound
values used in the site response calculations? Why are the mean values of velocity for
all the material layers not approximately centered on the ranges listed in Table 8.2?

Response:

The RAI notes apparent inconsistencies in the range of shear wave (S-wave) values
presented for the various site stratigraphic units (loess, Upland Complex Alluvium,
Upland Complex Old Alluvium, Catahoula formation) in the SSAR and Engineering
Report ER-02 text, tables, and figures. These apparent inconsistencies are related to
several items: (1) rounding of values for general descriptions of unit properties in the
text; (2) presentation of localized extreme values on tables and figures (prior to data
smoothing); and, (3) the use of different depth intervals over which averaged values
are presented that sometimes cross over stratigraphic boundaries. Specific examples
mentioned in the RAI are listed and explained below.

* ER-02 section 7.7.1-loess velocity range of 800 to 900 feet per second (fps). This
reference is made as a general description of typical loess properties, and
presents a typical average range for loess soils. This reported range was not used
in the site soil response analysis.

* ER-02 Appendix D borehole data logper shows loess velocity values as low as 600
fps The raw P-S velocity tables and plots actually show an extreme low value of
580 fps for loess. This low value is a localized extreme, and the average value for
the loess layer at the site is considerably higher. The velocity profile used in the
site response analysis is an averaged, smoothed profile that does not use the
extreme localized values.

* Table ER-02-4 indicates loess velocity values that range from about 600 fps to
over 1400 fps. The values reported in Table ER-02 for loess represent the S-wave
velocity range measured in the loess soils, including localized extremes. This
range was used for comparison against the reported UFSAR S-wave value for
loess, and allowed us to evaluate how the UFSAR value fit within the range of
velocities measured for loess at the ESP site. The Table ER-02 range of velocity
for loess was not used in the site response analysis.

* ER-02 Section 8.2 discusses a best estimate (or mean) loess velocity value of 770
fps. The value of 770 fps reported for loess in ER-02 is a calculated interval
average for the elevation range of between 103.5 and 153 feet (ER-02 Figure ER-
02-13) that includes the composite measurements from the three separate P-S
velocity profiles (ESP borings WLA B-1 to B-3). This interval brackets the loess
and also incorporates velocities measured in the uppermost part of the Upland
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Complex Alluvium. The elevation range for the interval average was selected
based on visual inspection of the composite, elevation-corrected velocity profile
from the three borings shown on SSAR Figure 2.5-80. The site response analysis
did not use this same interval velocity, but rather binned the P-S data differently to
break out two separate, smaller velocity intervals in this elevation range to
discretely account for a lower velocity upper loess zone. This is discussed in ESP
Calculation Package ENT0002-CP-02, and response to RAI 2.5.4-5.

As discussed in the response to RAI 2.5.4-5, the best estimate velocity profile adopted
for the site soil response analysis is presented in SSAR Figure 2.5-60, and is based
on a visual average of the composite, elevation-correlated P-S velocity profiles from
the three ESP boreholes. It is not based on any of the values and ranges of values
discussed above. It is an averaged, smoothed profile that does not use extreme
values. The best estimate profile consists of five separate interval velocities that
incorporate velocity data that was binned differently than the various general ranges
and estimated velocity ranges described for different stratigraphic units as referenced
above. The site soil response velocity profile best estimate interval velocities are not
set at stratigraphic unit boundaries, but rather are assigned at visually-determined
velocity breaks in the composite P-S profile. For this reason, the best estimate site
soil response average velocities are not centered on the mean values listed for
material layers in ER-02 Table 8.2.

SSAR Revisions:
None

Request:

RAI 2.5.4-9

Section 2.5.4.3 indicates that the site is stable and will not be prone to dynamically
induced failures. Section 3.3 of ER-02 indicates that the site does not show any
indications of dissolution cavities or sinkholes. The general descriptions of the site
presented in the Section 2.5.1.2.3.1.2.3 of the SSAR indicate that calcareous clays,
limestone and marl formations underlay the site profile and may even be exposed in
the site vicinity. None of the borings shown in the section profiles (old or new) reach to
these depths. Such materials are often susceptible to such problems. What is the
basis for indicating that this site is not susceptible to such potential long-term
problems?

Response:

Calcareous clay, limestone and marl underlie the Grand Gulf site at depths greater
than 390 feet (SSAR Figures 2.5-6 and 2.5-11). These deposits are units within the
Vicksburg Group, including the Glendon Limestone and the Bryam Marl. A structure
contour map on the surface of the Glendon Limestone is shown on SSAR Figure 2.5-
15. We interpret the surface of the Glendon Limestone to represent the shallowest
significant occurrence of calcareous rocks under the ESP site. The Vicksburg Group
calcareous units do not appear to be susceptible to karstic dissolution in the site area
and evaluation of aerial photography, topographic maps and field reconnaissance
show that there are no karstic features (e.g., sinkholes, circular depressions, caves,
etc.) either in outcrop areas of this unit, or expressed within the overlying
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unconsolidated Pliocene to Pleistocene deposits. In addition, foundations for the
existing unit at Grand Gulf have performed satisfactorily and have not experienced

.any settlements related to potential dissolution of strata within the Vicksburg Group at
depth.

Our response to this question involves three separate evaluations: (1) evaluate and
document the presence or absence of karstic features in the Site Area (five-mile
radius); (2) evaluate and document the presence or absence of karstic features in
outcrop exposures of the Vicksburg Group in the Site Vicinity (twenty-five-mile radius)
and Site Region (200 mile radius) (i.e., where the Vicksburg Group daylights at the
ground surface); and (3) evaluate the zone of influence of any new proposed
foundation on the Vicksburg Group strata.

1) Evaluate and document the presence or absence of karstic features in the Site
Area.

To evaluate the presence or absence of karstic features in the Site Area, we
reviewed existing literature, examined topographic maps, aerial photography and
orthophotographs, and performed field reconnaissance. These studies show that
features indicative of karstic processes are not present in the Site Area. Karst
topography is generally characterized by sink holes, circular and/or elongated
closed depressions, caves and dissolution features (References 1, 2). None of
these features have developed within the Pliocene to Pleistocene unconsolidated
surficial deposits in the Site Area. SSAR Figure 2.5-10 shows a shaded relief
map of the Site Area from a composite of 1:40,000 scale digital data (USGS 7.5
minute topographic quadrangles St. Joseph, Widows Creek, Willows, Port Gibson,
and Grand Gulf). SSAR Figures 2.5-27 and 2.5-29 show topography and shaded
relief maps for the Site Location. These maps show the absence of karstic
features (e.g. sinkholes, caves, circular depressions, etc.) in the Site Area and Site
Location.

The geology of the Site Area is shown on SSAR Figure 2.5-10. The geologic map
shows that no limestone, marl or calcareous units are exposed in the Site Area,
and that the Vicksburg Group does not crop out in the Site Area. The geologic
map was prepared from compilation of existing literature, interpretation of 1:20,000
scale black and white aerial photography (flown February 13, 1996, available from
the Mississippi Department of Transportation), and field reconnaissance. During
preparation of this geologic map, no evidence of karstic features were noted.
Additionally, no discussion of karsitic features was found in the numerous geologic
reports reviewed during our map compilation and site geologic evaluations.

We conclude that karst-related geomorphic or topographic features are not
present in the Site Area. The absence of karst features in the Pliocene and
Pleistocene surficial deposits suggests that karst development has not occurred at
or near the site for at least several hundreds of thousands to millions of years, and
therefore is not an active geologic process. The topography of the site area was
developed by fluvial erosion related to the Mississippi River and associated
tributary drainages. These processes formed flat-bottomed stream valleys,
rounded valley slopes, flat-topped ridgelines, and dendritic drainage pattems cut
into Pleistocene terrace surfaces and the Pleistocene Upland Complex (Figure
2.5-10). There is no evidence of karstic morphology along river valleys despite the
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presence of abundant ground water and extensive fluvial modification of the
landscape.

Although the absence of karstic features at the ground surface does not preclude
the potential for dissolution within the Vicksburg Group at depth, the absence of
such features in the overlying Pliocene to Pleistocene unconsolidated sediments
indicates that possible deep dissolution has not extended upward into the thick
cover sediments. Based on our evaluation of existing information, we conclude
that karstic processes have not influenced the ground surface or shallow
subsurface in the Site Area in the late Pleistocene or Holocene, and that these
processes, therefore, are not likely to influence the Site Area in the future.

2) Evaluate and document the presence or absence of karstic features in outcrop
exposures of the Vicksburg Group in the Site Vicinity and Site Region

Limestone of the Vicksburg Group crops out in a narrow belt that extends in an
east -west direction across the central part of the state of Mississippi (RAI Figure
2.5.4-9-1). Within the Vicksburg area, units of the Vicksburg Group, including the
Glendon Limestone and Bryam Marl, crop out about 20 miles north of the Grand
Gulf Site at its closest location (RAI Figure 2.5.4-9-1, an explanation of map units
is provided in SSAR Figure 2.5-4b) (References 3, 4, 5). We evaluated the
potential for karst development in the Vicksburg Group by reviewing topographic
and geologic maps in the nearest outcropping areas of the formation, and
contacting researchers familiar with the properties of the Vicksburg Group.

RAI Figure 2.5.4-9-2 is a regional geologic map showing the distribution of the
Vicksburg Group outcrops on a shaded relief base map in the Vicksburg area. RAI
Figure 2.5.4-9-3 shows a blow up of a portion of the regional geologic map
superimposed on the Bovina USGS 7.5 minute topographic quadrangle. The
available geologic and topographic maps of this area do not show any indication of
karst-related topographic or geomorphic features (e.g. sinkholes, circular
depressions, etc.) within the outcropping areas of Vicksburg Group carbonate
rocks. The maps do define several concentric lakes within the Vicksburg Group
outcrop areas that are up to about 100 m in diameter. However, these lakes also
are developed in areas where the non-calcareous Catahoula Formation crops out
(Reference 6, 7, 8), suggesting that the lakes are not associated with carbonate
dissolution processes. None of the lakes have been reported to be associated
with karst in the literature (Reference 11).

Although karst development has not been documented in the Vicksburg Group
outcrops in the vicinity of Vicksburg and the Grand Gulf Site Vicinity, karst features
are referenced as occurring within the Vicksburg Group in the area east of
Jackson, approximately 50 miles northeast of the Grand Gulf ESP site
(References 9, 10, 11). In this area, the Vicksburg Group contains the Marianna
Limestone, which is more susceptible to dissolution and karstic development.
Karst related features reported in the literature are associated primarily with the
Marianna Limestone, although minor karst topography is reported associated with
the Glendon Limestone near Waynesboro in eastern Mississippi approximately
175 miles east of the Grand Gulf ESP site (References 9, 10, 11). The lithology of
the Vicksburg Group, in general, undergoes a lateral facies change west to east
across the state. In western Mississippi (Vicksburg area), the Group includes a
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greater percentage of terrigenous wackestones and sandstone, and the Marianna
Limestone is not present as a thick clean limestone. East of Vicksburg, the
Vicksburg Group grades into a more calcareous lithology, ultimately becoming a
sequence of semi-indurated calcareous sand and silt and calcareous grainstone,
and the Marianna Limestone becomes a prominent formation within the Vicksburg
Group. Karst features develop only where the limestone is relatively
homogeneous, "clean" and thickly bedded in the area east of Jackson. However,
Coleman (1979) and Mylroie (oral communication) report that no true karst
topography typical of the limestone terrain in Alabama, Florida and Kentucky exists
along the Vicksburg Group outcrop belt in Mississippi. The prevailing topography
is rather related to fluvial erosion, with a minor degree of karst development east of
Jackson (Reference 10).

The only comprehensive cave survey of Mississippi State was published in the
early 1970's by the National Speleological Society (Reference 12). This survey
located approximately 40 caves, most of which occur in eastern Mississippi.
However, this survey did not distinguish solution (karst) caves from artificially
excavated or erosion-related caves (Mylroie, oral communication). Some
instances of reported 'caves" actually are artificial excavations. An example of a
reported artificial cave is a recent news article reporting the death of three teens in
"caves" along the Mississippi River (Reference 12). These failed "caves" turned
out to be excavated caverns made by a local brewery to create earthen
warehouses at the turn of the century (Reference 13), and are not related to
carbonate dissolution (karst). Sixteen of the identified 40 caves in Mississippi,
including all of the largest caves, are associated with outcrops of the Vicksburg
Group (Reference 12). These caves include the Pitts Cave, Triple H Cave, Lamar
Graham Cave, Graham Waterfall Cave, Eucutta Cave, Belding Cave, and Waddel
Cave. All of these caves are located in eastern Mississippi over 100 miles
northeast of the Grand Gulf ESP site where the Vicksburg Group is more
calcareous. Other caves are distributed primarily across eastern Mississippi with
no unique pattern of spatial association to the Vicksburg Group (although
Reference 12 does not specify natural versus manmade caves).

Although no caves or evidence of karst development were found in the Grand Gulf
Site Vicinity in our review of regional geologic maps and studies of the Vicksburg
Group calcareous units, the U.S. Geological Survey classified the Vicksburg Group
as having a potential for karstic development in a regional map compilation of the
Appalachian region (Reference 14). The USGS classification is based on
descriptions of regional lithology that include descriptions of calcareous units
within the Vicksburg Group, and did not include field or other verification of karst
development in these units. The statement regarding the potential for karst
development was instead based on carbonate lithologies of regional units with a
conservative bias towards inclusion of any potentially soluble units (Reference 14).
As described above, the Vicksburg Group does not exhibit karstic features west of
Jackson or within the general Site Vicinity, including the entire 25-mile radius
around the ESP site.

We conclude that there is no documentation of karst development within the
Vicksburg Group in the Site Vicinity or Site Region west of Jackson. In areas of
outcrop exposure, the Vicksburg Group does not display characteristic morphology
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of karst development or potential, and no evidence of karst features are reported in
the literature.

3) Evaluate zone of influence of any new proposed foundation on the Vicksburg
Group strata

At this time a reactor type and facility layout have not been selected for the ESP site
(refer to response to RAI 2.5.4-10), and the geometry and depth of possible
foundations is not defined. However, the greatest manufacturer-listed embedment
depth for the six alternative reactors listed in the Plant Parameters Envelope (PPE)
worksheet is 140 feet below grade (see RAI Table 2.5.4-10-1). This corresponds to
an elevation of about -8 feet, assuming a final plant grade at elevation 132 feet. The
estimated elevation of the top of the Glendale limestone beneath the ESP site is at
about -300 feet. Therefore, ESP plant foundations would have a minimum separation
distance of about 300 feet from the top of the limestone.

The maximum listed required static bearing pressures for the alternative ESP reactor
foundations is 15 kips per square foot (ksf). At a depth of 140 feet, this pressure is
about equivalent to the existing in situ stress level from the soil overburden. The soil
overburden would be removed down to foundation level during construction, and the
foundation load at the base of the excavation would be at least partly compensated by
the stress reduction from the soil removal. As a result, the net increase in soil loads
below the foundation would be relatively low, and likely would be largely supported by
the soil in close vicinity to the foundation base. Because of this, the actual stress
change in the soils below the reactor foundation may be only slightly above the in situ
stresses that exist prior to foundation excavation. Therefore, reactor foundation
surcharge loads on the soils are expected to be very minor, and limited to the
immediate area below the foundation base. No significant loading increase would be
transmitted to the elevation of the Glendon limestone that underlies the ESP site
about 300 feet below the deepest considered foundation level for the ESP site.

Multi-point extensometer arrays were installed to a depth of 150 feet below the
foundation base for the existing Grand Gulf power block foundations to measure soil
rebound related to stress relief during deep excavations for the foundations (that were
65 to 80 feet deep). The stress relief measurements provide a general idea regarding
the depth of influence in the soils related to foundation excavation, and also the likely
depth of the foundation influence zone upon reloading from the power plant
foundations. As discussed in UFSAR section 2.5.10, the rebound measurements
decreased from about 1.6 to 1.9 inches at the base of the foundation excavation level,
to 0.2 to 0.36 inches at a depth of 100 feet below the foundation level. Using these
results as a guide, it is expected that the foundation influence zone extends about 100
to 200 feet below the base of the foundation. However, the percent load carried by
the soil drops off significantly below a depth of about 100 feet beneath the foundation
level (to less than about 10% to 20% of the total load) due to the partly-compensated
load condition of the foundation, and overconsolidated nature of the site soils. We
note that the foundation geometry, load, and soil conditions at the ESP site may differ
somewhat from the conditions at the existing plant site, and therefore this
comparative analysis provides only a rough estimate regarding the depth of
foundation influence.
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In accordance with Regulatory Guide 1.132 (and proposed revisions presented in Draft
Regulatory Guide DG-1 101), additional site investigations would be conducted during the
COL phase of the project. These investigations should include deep borings in the
planned foundation footprint and geotechnical analysis of the bearing pressure and load
distribution in the foundation soils based on the specific geometry, embedment, and
loading of the selected reactor. Should any calcareous clays, limestone or marl deposits
be found within the incremental pressure bulb created by the planned construction
(assumed at this time to extend about 200 feet below foundation level), further borings
should be drilled at a sufficiently close spacing to confirm the absence of dissolution
cavities within the foundation bearing zone.

SSAR Revision:

None

See files: 035_RAlFig_.2.5.4-9-1.pdf
036_RAIFig_2.5.4-9-2.pdf
037_RAIFig_2.5.4-9-3.pdf
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Request:

RAI 2.5.4-10

Section 2.5.4.5.2 of the SSAR indicates that several inches of elastic rebound may be
associated with the site excavations planned to relatively deep depths and that this
rebound would be expected to be reversible, presuming the new structures are fully
compensated designs. Presuming that the current GGNS power block structures are
far enough from the ESP site, are any other facilities (piping, conduit, etc.) existing in
the ESP area that may be influenced by such surface movements?

Response:

As discussed in the response to RAI 2.5.4-2, SSAR Figure 2.5-69, Draft Rev. 1 shows
a revised circular "Proposed Power Block Area" (PPBA) that supersedes the former
polygonal "Proposed Site Location Perimeter". This PPBA is considered to
conservatively bracket any possible plant power block layout based on the range off
different plant types considered for the ESP site. Table 2.5.4-1 0-1 summarizes the
parameters for the alternative reactors used to estimate the range for foundation
embedment.

RAI Table 2.5.4-10-1
Alternative Reactor Parameters

Vendor Foundation Minimum Minimum
Reactor Power Block Embedment Depth Static Bearing Shear Wave

Acreage Recommendation (feet) Pressure Velocity
(kipslft2) (feet/sec.)

ABWR 2.5 66.25 (top of basemat) 15 1000
AP1000 25 39.5 (bottom of basemat) 8 1000

IRIS 9 49 8 1000
GT-MHR 2.5 140 15 1000

PBMR 2.6 32.75 10.2 1000
ACR-700 4.4 33 10 1000

Data extracted from Plant Parameters Envelope (PPE) Worksheet, Rev. 1, Enercon Services, Inc. (6/25103). Note
that this list is not inclusive for all possible reactors at the ESP Site, but to develop estimates of likely embedment
depths for foundations.

As discussed in SSAR Section 2.5.4.5.1, it is anticipated that a new facility at the ESP
site would maintain the existing plant grade of approximately elevation 132 to 134 feet.

The manufacturer-listed foundation embedment depth for the six example reactors
range between about 33 and 140 feet, and minimum static bearing pressures range
between 8 and 15 kips per square foot (ksf). For comparison, the existing Grand Gulf
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power plant containment building is founded at a depth of about 65 to 80 feet below
plant grade, and has a static bearing pressure of about 12 ksf (UFSAR section
2.5.4.10). As discussed in SSAR Section 2.5.4.5.1, suitable foundation and shear
wave velocity conditions for reactor foundations at the ESP site would require
embedment below the loess deposits into the Upland Complex Alluvium or Old
Alluvium to an elevation where the average shear wave velocity is at least 1,000 feet
per second (fps). This likely would require excavations to depths on the order of about
60 to 100 feet, or deeper (e.g., SSAR Figure 2.5-76, Draft Rev. 1). The in situ
confining stresses at these embedment depths range between about 5 to 10 ksf. The
in situ confining stress at the maximum manufacturer-listed depth of 140 feet is on the
order of about 12 to 15 ksf. These estimated in situ pressures are in the range of, but
somewhat lower than, the minimum static bearing pressure requirements for the
various reactors, suggesting that the foundations will be partly compensated.

As discussed in SSAR Section 2.5.4.5.2, up to several inches of predominantly elastic
rebound may occur as a result of reactor excavations. This value was estimated
based on a review of the performance of the existing Grand Gulf containment and
turbine buildings that were monitored during construction by multi-depth vertical
extensometers that were anchored at a depth of 150 feet below the foundation levels.
Measured rebound in the excavations ranged between 1.6 to 1.9 inches (UFSAR
Section 2.5.4.10 and Figure 2.5-81). Total settlements of the completed plant
structures were measured by repeated surveys (through 1991) of surface monuments
placed in the same general vicinity as the extensometers (UFSAR Table 2.5-10, Rev.
6). Measured settlements of the containment and turbine buildings ranged between
0.5 and 1.3 inches, somewhat less than the magnitude of the rebound. However, we
note that the settlement readings were not initiated until construction was in progress,
and therefore some initial recovery of rebound likely was missed by the settlement
surveys. Comparison of the measured rebound and settlement data for the existing
Grand Gulf power plant shows that a significant percentage of the rebound was
recovered by settlement.

The extensometer and survey network at the existing power plant does not extend
around the power plant area at a sufficient density to evaluate the lateral extent of
rebound or settlement around the foundations. However, structures adjacent to the
deep plant foundations do not appear to be affected by unusual or damaging
settlements. For the purposes of our evaluation, we have assumed that the influence
zone around the proposed ESP plant foundations includes the area within a 1:1
(horizontal to vertical) projection extending upward from the base of the foundation to
the ground surface. To conservatively capture any possible structures within this
assumed influence zone, we overprinted such an influence zone around the perimeter
of the PPBA shown on SSAR Figure 2.5-69, Draft Rev. 1. This influence zone was
constructed by projecting the circular intercept location of a 1:1 truncated cone
extending upward from the deepest manufacturer-listed foundation embedment depth
of 140 feet below the PPBA, to the proposed plant surface grade between elevation
132 and 134 feet (SSAR Figures 2.5-69, Draft Rev. 1, and 2.5-76, Draft Rev. 1). The
resulting influence zone is formed by the area between the PPBA and projected 1:1
intercept line, and is 140 feet wide. The 1:1 projection is believed to be conservative,
considering the overconsolidated state of the site soils, and likely deep bearing
elevations for future power plant foundations that together would minimize ground
deformations from the foundation loading.
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No existing safety-related Class I facilities fall within, or adjacent to, the estimated
ESP influence zone. Based on this evaluation, construction and foundation loads from
a new plant at the ESP site will not impact the existing power plant structures,
operation, or safety. Additionally, during construction, deep excavations would likely
be supported by tied-back sheet piles or other bracing systems, in a similar manner to
the excavations for the existing power plant. These support systems, if requiried,
would be designed to minimize soil deformations during construction, and confine
possible excavation-related ground deformations to the immediate areas adjacent to
the excavations.

In accordance with Regulatory Guide 1.132 (and proposed revisions in Draft
Regulatory Guide DG-1 101) additional site exploration, laboratory testing, and
geotechnical analyses will be performed during the COL phase of the project after a
plant design has been selected to verify site conditions for foundation design
geotechnical analyses and determination of embedment criteria. These borings and
additional engineering analysis should include evaluation of deformation moduli for the
subsurface materials for refined estimates of the influence zone related to the selected
reactor and foundation configurations. Consolidation and triaxial shear testing will be
performed on undisturbed samples from the foundation bearing level of the selected
reactor to evaluate foundation bearing pressures and settlement potential. The COL
investigations also should consider development of an instrumentation and monitoring
program to measure actual construction-related soil movements.

SSAR Revisions:

A statement will be added that the estimated foundation influence zone is shown on
Figure 2.5-69, Draft Rev. 1

See files: 001 ..ESP-SSAR draft rev i12-01-2004.pdf
017_SSAR Fig 2.5-69draftrev1 11-19-2004.pdf
018_SSARFig_2.5-76darftrev1_1 -19-2004.pdf

Request:
RAI 2.5.4-11

Section 3.3 of ER-02 indicates that all safety related facilities located at the ESP site
would be located on alluvium or old alluvium that has an average shear wave velocity
of "at least 1,000 fps". The suspension logging data provided in Appendix D indicates
measured shear wave velocities as low as 500 fps at depths of up to 120 feet (see
results for Boring B-1, for example). This depth is well below the planned depth of
foundations indicated in the SSAR. Since measured shear wave velocities are based
on the results from only three borings, and considering the normal variability
anticipated in shear wave velocity, what would the impact of such a velocity cutoff
have on the minimum depth for future siting, especially since some of the advanced
reactor designs may be qualified for velocities of at least 1,000 fps?

Response:

As shown in SSAR Figure 2.5-71 and in Engineering Report ER-02 Appendix D tables
and graphs, individual measurements of shear wave velocity obtained using the P-S
Suspension Logger are as low as 530 feet per second (fps). However, these are
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localized zones in a single boring (do not occur at the same elevations between
borings), and generally occur within the loess or Upland Complex Alluvium (although
they also occur less commonly in the Old Alluvium). The lower-velocity zones typically
are less than 10 to 20 feet thick, represent a relatively small percentage of the strata
within each stratigraphic unit, and are bounded by zones exhibiting greater velocities.
The deepest occurrence of a lower-velocity zone is at a depth of about 154 feet, and
the minimum elevation at the base of a lower-velocity zone is at an elevation of about -
7.4 feet. The lower-velocity zones have zone-specific average velocities in the range
of between about 760 and 970 fps. It is uncertain whether the low values are the
result of softer lenses in the deposit, or rather are the result of local variations in the P-
S suspension logger measurements that can result from varying hole diameters. In
some cases, the lower-velocity zones correlate to clay lenses or clayier zones within
the sand sediments: some of these zones also are denoted by a locally lower
Standard Penetration Test (SPT) blowcount.

The minimum required shear wave velocities at the foundation level for all example
reactor types considered is 1,000 fps. As stated in Section 3.3 of ER-02, safety
related facilities at the ESP site would be founded on Upland Complex Alluvium or Old
Alluvium that exhibit an average shear wave velocity of at least 1000 fps. Data from
the existing three deep borings at the ESP site, as shown in SSAR Figures 2.5-60 and
2.5-80, suggest that this criterion is marginally met in the Upland Complex Alluvium
and is easily met in the Upland Complex Old Alluvium. In accordance with Regulatory
Guide 1.132 (and proposed revisions in Draft Regulatory Guide DG-1101)
confirmatory borings should be drilled at the site during the COL phase site
investigations. These borings should include additional borehole velocity surveys to
verify the velocity profile under the foundation footprint and to confirm the depth of the
target foundation bearing strata that satisfy the selected plant's shear wave velocity
design criteria. Based on the existing UFSAR and ESP data, we believe that the
depth range to deposits exhibiting a shear wave velocity of 1,000 fps will not vary
significantly from the results presented in the SSAR.

SSAR Revision:
None

Request:

RAI 2.5.4-12

Section 2.5.4.1.3 of the SSAR and Section 7.5 of ER-02 indicate that the difference in
blow counts for the standard penetration test (SPT) between previous field programs
and the current program performed for the ESP may be due to a difference in hammer
equipment used for the samples. Since only three borings were taken for the ESP
program and since conclusions for this evaluation rely heavily on the previous site
investigations, was any simple program performed to quantify this difference (such as
taking a new boring adjacent to an old boring using the new equipment)?

Response:

The response to RAI 2.5.4-3 provides a background discussion pertaining to
correlation between the ESP and UFSAR borings that is also relevant to this RAI. The
ESP explorations were augmented with data from twenty previous borings performed
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for the UFSAR that fall within, or adjacent to, the Proposed Power Block Area (PPBA)
area (SSAR Figure 2.5-69, Draft Rev. 1). The UFSAR borings extended to depths of
between 81.0 and 300.0 feet below ground surface (bgs), and were drilled with mud
rotary equipment with interval Standard Penetration Test (SPT) drive sampling. The
combined coverage of the ESP and UFSAR borings provide sampling across the
entire proposed power block location at spacings of between about 200 and 600 feet,
and to a depth of 300 feet.

As described in Engineering Report ER-02 Section 12.3, the locations of UFSAR
borings that are shown on SSAR Figure 2.5-69, Draft Rev. I were estimated by
enlarging UFSAR boring location maps (e.g., UFSAR Figure 2.5-39) to a common
scale as the ESP site map, superimposing several index structures that are common
to each map to obtain a best fit match (e.g., containment building outline), and
transferring the boring locations by hand. The resulting UFSAR boring locations are
believed to have an estimated positional error of about 50 feet. The UFSAR borings
were made prior to extensive grading during construction of the existing Grand Gulf
power plant site that included deep cuts and localized filling across the ESP site area.
This grading removed any evidence of the locations of the UFSAR borings, and
therefore their locations could not be verified in the field. The margin of error related
to location of the UFSAR borings did not allow us to make confident side-by-side
comparisons between ESP and UFSAR borings to directly compare SPT and other
techniques in adjacent boreholes. The closest distance between an ESP boring and
estimated location of an UFSAR boring within the PPBA is about 185 feet (borings
ESP WLA B-1 and UFSAR B-16)

SSAR Figures 2.5-75 to 2.5-77, Draft Rev. 1 (cross sections A-A', B-B', and C-C',
respectively) show SPT data from the ESP borings, and estimated locations of the
nearest UFSAR borings. The UFSAR borings surround the ESP borings, and the
stratigraphic units were correlated between the two boring sets. Therefore, the
UFSAR and ESP borings sampled the same general soil volume, making comparisons
between the data reasonable.

RAI Tables 2.5.4-12-1 and 2.5.4-12-2 list 38 SPT tests made in the ESP borings and
1,069 SPT tests from the UFSAR borings, respectively. These SPT data are
segregated into the various ESP stratigraphic units from which the samples were
obtained. Comparison of the tabulated data shows that the UFSAR blow counts upper
and lower bound ranges are about 110% to 250% higher than in the ESP borings for
loess, 150% to 300% higher for Upland Complex Alluvium, and 110% to 120% higher
for Upland Complex Old Alluvium.

The SPT blow counts for the ESP boreholes were delivered by an automatic trip
hammer that is a very consistent, highly efficient delivery system. The delivery system
for SPT sampling in the UFSAR boreholes is not documented on the boring logs or
UFSAR. However, based on the vintage of the exploration program ((1971 to 1972), it
is not likely that the UFSAR sampling was performed with automatic trip hammer
equipment that came into standard usage about the mid-1980's. Rather, these
samples probably were driven by a less-efficient and consistent cathead or wireline
delivery system. Based on standardized hammer efficiency correction factors such as
presented by Youd and Idriss (2001), the ESP automatic hammer system has an
estimated efficiency factor of about 90%, compared to the probable lower efficiency for
the UFSAR SPT testing with an assumed cathead or wireline delivery system of about
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60%. The assumed differences in SPT hammer sampling delivery systems could
largely account for the markedly lower SPT blow count ranges obtained in the ESP
borings for the same stratigraphic units as sampled in the UFSAR borings.

SPT test data for the ESP were used in a qualitative and relative sense to perform an
initial characterization and evaluation of the site subsurface conditions rather than for
engineering design or quantitative geotechnical analysis. In this sense, the ESP SPT
data are believed to provide a conservative general assessment of the material
properties, as an adjustment of the ESP blow counts to correspond with the UFSAR
blow counts (using a less-efficient hammer delivery system) would result in higher
blow counts.

In accordance with Regulatory Guide 1.132 (and proposed revisions in Draft
Regulatory Guide DG-1 101), COL phase investigations would include additional
borings and SPT testing throughout the selected power plant footprint area to increase
the SPT data base for design of the plant. It is expected that selected COL borings
would be performed with energy calibration equipment to allow accurate measurement
and adjustment of the hammer blows for design-level geotechnical analysis (e.g.,
liquefaction analysis) and development of foundation and excavation design
parameters. The COL borings should also include index borings at the ESP boring
locations to allow calibration between these boring sets. The ESP borings are marked
with steel stakes set in cement grout at the borehole locations, and also were
surveyed for future reference purposes.

SSAR Revisions:

See files: 018_SSAR Fig 2.5-75draftrev1_11-19-2004.pdf
019_SSAR_Fig_2.5-76draft_rev1_11-19-2004.pdf
020_SSARFig_.2.5-77draft_rev1_11-1 9-2004.pdf
038_RAITables.2.5.4-12-1 a-d.pdf
039_RAITables_2.5.4-12-2a-c.pdf

References:
Youd, T.L., and Idriss, l.M., 2001, Liquefaction resistance of soils: summary report

from the 1996 NCEER and 1998 NCEER/NSF workshops on evaluation of
liquefaction resistance of soils: American Society of Civil Engineers Journal of
Geotechnical and Geoenvironmental Engineering, p. 297-313.

Request:

RAI 2.5.4-13

Section 2.5.4.1.6 indicates that samples were shipped to the University of Texas by
automobile and to Eustis by Federal Express. The UTEXAS description included in
Appendix G of ER-02 indicates that all samples examined for dynamic testing had the
appearance of competent, intact materials. Section 11.0 of ER-02 indicates that
samples were carefully extracted from the borehole and presumably carefully shipped
to UTEXAS. Yet, the report indicates that the results of the dynamic testing indicate
some effect of sample disturbance. What measures were taken, if any, aside from
these qualitative statements, to ascertain whether any significant disturbance occurred
during the sampling, transportation or laboratory extrusion process? Since the static
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testing program included consolidated undrained (CU) triaxial tests, was any concern
expressed about disturbance to these samples as well?

Response:

Undisturbed hydraulically-pushed, thin-wall Shelby tube samples were obtained from
the ESP borings for the UTEXAS dynamic testing. Partly-disturbed, driven Modified
California sampler brass tube samples were collected from the borings for index and
UC triaxial shear testing by the Eustis laboratory. Both the Shelby and Modified
California samples were carefully extracted from the borings, inspected, capped with
plastic lids and electrical tape, and sealed with paraffin according to the Project
Instruction P1-05. The Shelby tube samples were placed in foam padded wood crates,
and driven to the UTEXAS laboratory in a passenger van to minimize disturbance
during transportation. They also were kept upright at all times. The Modified
California tube samples were placed in cardboard boxes, padded, and shipped to the
Eustis testing laboratory.

Upon receipt at the laboratories, the samples were inspected by laboratory personnel.
The transporting field geologist noted that the UTEXAS samples remained
undisturbed during transportation. The UTEXAS laboratory report included as
Appendix G in ER-02 states that the six samples selected for testing were carefully
extruded, trimmed, and had the appearance of competent, intact materials after the
extrusion and trimming process was completed. This indicates that the UTEXAS
dynamic samples were not disturbed during transportation or extrusion. In their
discussion of results, UTEXAS reported that the sample behavior suggests that some
disturbance likely occurred, and also comments that some samples underwent tilting
during the testing. The Eustis laboratory report included in Appendix F of ER-02 does
not discuss the condition of the samples upon arrival at the laboratory, but does
comment that one of the triaxial test specimens was disturbed by the presence of
shells or gravel.

Based on our review of the laboratory reports and test results, we believe that some
disturbance occurred to the samples that was caused by stress relief during borehole
extraction, movement of shells or gravel-size clasts in the samples during sampling, or
movements (e.g., tilting) during laboratory testing. These effects do not appear to be
the result of handling or transportation of the samples, as the documentation of the
transportation and initial laboratory inspection upon receipt do not indicate disturbance
of the samples.

As discussed in the response to RAI 2.5.4-6, the ratios of the shear wave velocities
measured in the laboratory and those measured in the field at the same depth for the
UTEXAS samples were taken as an indication of possible extraction-related sample
disturbance and were accounted for in our interpretation of the results of the dynamic
tests and selection of appropriate shear modulus reduction and damping curves. No
corrections were made to the static triaxial test results because it is generally
assumed that sample disturbance will have less effect on strengths that are measured
at large strains induced by triaxial testing as opposed to the small to medium strains
employed in the dynamic tests. Additionally, the triaxial tests performed for the ESP
were used only as index tests to generally compare relative properties between
different stratigraphic units, and also to compare against triaxial tests performed for
the UFSAR. The triaxial test results were not used as input parameters to calculate
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foundation or design criteria, which instead would be developed in the COL phase
after a specific reactor is selected, in accordance with Regulatory Guide 1.138 (and
proposed revisions in Draft Regulatory Guide DG-1109).

SSAR Revision:

None

Request:

RAI 2.5.4-14

Appendix D of ER-02 presents the results of the P-S Borehole Logging that was
conducted by GeoVision in the three boreholes. From this data, P-wave and S-wave
profiles were generated to depths of from about 180 feet to 225 feet.

Page 7 of this Appendix presents the assessment that the "shear wave data was of
excellent quality in the three boreholes". What is the basis for this judgment? Does the
fact that the statement only refers to the quality of the S-wave data imply that the P-
wave profiles are of lower quality?

The plots of P-wave velocity with depth show the relatively rapid increase one would
normally expect near the ground water table. The results from Borings 1 and 3 show
this characteristic velocity increase. However, the results for Boring B-2A show the
characteristic rise followed by a significant reduction at a depth of approximately 70
feet. What is the cause of this anomaly?

Response:

Page 7 of Appendix D of ER-02 states that "the shear wave data was of excellent
quality in the three boreholes." This statement is included in a contractor's report by
GeoVision and reflects their confidence in the quality of the borehole P-S data based
on their examination of the records and internal QA/QC procedures. As discussed in
their report, the GeoVision QANQC procedures included comparison between the
independently-acquired source-to-receiver velocities and receiver-to-receiver
velocities, and independent review by a second geophysicist. GeoVision's report
discusses the good agreement between the source-to-receiver and receiver-to-
receiver interval velocities for both shear wave (S-wave) and compressive wave (P-
wave) velocities in each borehole, providing verification of the general good data
quality. Therefore, the good data quality refers to both the S-wave and P-wave data,
and no implication is made regarding a lower quality with respect to the P-wave data.

We independently reviewed the GeoVision P-S survey data, and found the correlation
between source-to-receiver and receiver-to-receiver data to be very good in all
boreholes. Additionally, our geologists observed the GeoVision P-S survey field
setup, calibration, and logging for each borehole. Based on the field review, the
surveys were performed carefully and according to the approved ESP Project
Instruction P1-05.

The initial rise in the P-wave velocities in boring WLA B-2A occurs near the contact
between the loess and Upland Complex Alluvium. We believe that this initial rise
results from a perched water table within the base of the loess soils, above the



CNRO-2004-00077 Attachment 1
Page 65

alluvium. The permanent ground water table is delineated by a P-wave rise within the
Alluvium about 15 feet deeper in the boring that does not drop back down, and
correlates well with the P-wave rise that marks the top of the groundwater table in
borings WLA B-1 and B-2.

SSAR Revision:
None

Request:

RAI-2.5.4-15

Appendix F of ER-02 presents the results of standard geotechnical identification tests
as well as some results from consolidated undrained (CU) triaxial strength tests.

The sample descriptors provided with the grain size distribution curves present
descriptions such as "FINE SAND w/Silt" (see, for example, B1-S22 as well as others)
for cases where the sample contains less than 10% fines. Can such descriptors
mislead evaluations based on verbal descriptions?

The tables also include unified soil classification (USC) descriptors such as lean clay
or silt (CL or ML) for samples for which no Atterberg Limits were determined. For
these cases, what was the basis for developing such classifications?

For some samples, only one CU test was performed from which estimates of strength
parameters (cohesion and friction angle) are listed. What was the basis of such
judgments?

Response:
Classification of ESP Site soil samples obtained from the exploratory borings were based
on an initial field "Visual-Manual" descriptions according to ASTM 2488 as specified in
ESP Project Instruction PI-05. Field descriptions were performed by geologists and aided
by the following qualitative techniques: (1) manipulation of the samples by hand to detect
gravel and sand-size grains; (2) simple settlement tests using water-filled jars and a
stopwatch to measure the settlement time and observe different grain size layers of
settled soil; (3) finger manipulation and rolling out of threads of cohesive soil to evaluate
soil plasticity and toughness; (4) observation of dilative behavior of moist soil pats; (5)
observation of soil samples under a handlens; (6) measurements of soil compressive
strength or shear strength with a pocket penetrometer and torvane, respectively; and (7)
testing of dried crushing strength of soil cubes dried in the sun. These field descriptions
were modified, if necessary, for the final soil classification based on the results from
laboratory index testing performed by Eustis Laboratory (Engineering Report ER-02
Appendix F), and according to the ASTM 2487 "Unified Soil Classification System"
(USCS). The laboratory testing program was specifically configured to confirm or refine
the field descriptions, and was especially targeted toward field samples that had uncertain
descriptions or soils that fell on the border between two different possible classifications.

The final soil classifications are presented on SSAR Table 2.5.-7, Draft Rev. 1.
Differences between field and laboratory classifications were evaluated, and the
geologists made a decision as to which classification to adopt for the final soil description.
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SSAR Table 2.5.-7, Draft Rev. 1 shows both the laboratory and field classifications when
these are not in agreement. In some cases, the field classification was kept, or slightly
modified, rather than adopting the laboratory classification. The decision to keep field
classifications was based on the perceived quality and quantity of the laboratory data, and
also level of confidence in the field description.

As is true with any geotechnical exploration program, the number of samples submitted
for laboratory testing was limited by the number and quality of samples that could be
extracted from the borings, budget, and schedule. Therefore, the results from the
laboratory testing were extrapolated by indexing tested samples to the field descriptions,
and then developing correlations for other samples that were not tested in the laboratory.

Responses to the specific RAI subquestions are listed below.

1. Samples include the descriptor "with silt" for cases where the sample contains less
than 10 percent fines. Is this misleading?

The referenced sample, B-1-22, was classified as a fine sand with silt (SP-SM), and
contains 9.5% silt and 2.2% clay (total fines content of 11.7%). This sample was
correctly classified by the descriptor "with silt" according to the USCS (ASTM D2487)
that specifies the use of this descriptor when a sand contains between 5% and 12%
silt. We adhered to the USCS because this is a universally-applied standard soil
classification scheme for geotechnical and engineering applications, and therefore
should not be misleading. In response to the RAI, we performed another round of
review for all of the ESP soil classifications, and found that some sand samples were
not correctly classified with regard to the grading (poorly graded versus well graded
(SP/SW-SM)). Also some fine-grain soil classifications require changing from lean
clay to silt (CUML), or visa versa. Modified classifications are presented on SSAR
Tables 2.5.-7, Draft Rev. 1. The soil classification modifications do not change the
findings from the investigation or require changes to analysis input, as the overall
descriptions for the general properties of the major stratigraphic units do not change,
and most of the changes pertain to soils that were borderline between classifications.
Additionally, the actual soil testing results are presented on SSAR Table 2.5.-7, Draft
Rev. I and are also included in ER-02 Appendix F, to facilitate incorporation of these
data for evaluation purposes that should not be solely based on verbal descriptions.

2. Soil classifications of lean clay or silt were made without specific Atterberg Indices
tests on these samples. What was the basis for these classifications?

Soil classifications made for clay or silt samples that did not have Atterberg Limits
were based on the soil behavior observed by field Visual-Manual description
methods, or extrapolated from similar samples that were subjected to Atterberg Limits
testing. Eighteen Atterberg Limits tests were performed on selected fine-grained ESP
samples, and include multiple tests from each of the site stratigraphic units (loess,
Upland Complex Alluvium, Upland Complex Old Alluvium) and one sample of
Catahoula formation claystone. With the exception of the Catahoula formation
sample that classifies as a fat clay (CH), all of the other samples fall within the
classification zones for lean clay or silt (CL or ML). These samples also exhibited
similar Visual-Manual properties. On this basis, it is reasonable to extend the
classification of lean clay and silt to the samples that had similar field behavior, but
were not submitted for Atterberg Indices testing.
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3. Only one CU test was performed for some samples from which estimates of
strength parameters are listed. What is the basis of such judgments?

Although eighteen samples were submitted to the Eustis Laboratory for CU triaxial
shear testing, only ten of these samples were determined to be suitable for triaxial
testing, or remained intact while they were placed in the testing load cell. Only one
3-point CU test series, and two 2-point CU test series, were possible on
stratigraphically-adjacent intact samples. The remaining 3 samples were obtained
from non-adjacent stratigraphic units, and were tested as single-point CU tests.

The triaxial test results were plotted on p-q and Mohr Circle plots to estimate the
cohesion and friction angle components for the shear strength failure envelopes.
For tests with a single point, the failure envelope was defined by a line extending
from the graphical origin (zero cohesion), and constrained by a single tangential
contact point on the Mohr circle. For multi-point tests, a best fit between tangential
points on the multiple Mohr circles was use to estimate these parameters.

The single-point test results plot consistently when transferred to the multi-point
test plots. Additionally, the one-point and multi-point stress-strain curves for the
boess samples have generally similar shapes, as do the single and multi-point
sand stress-strain curves. The strength values estimated by Eustis personnel
were reviewed and appear to be reasonable based on our experience performing
multi-point triaxial tests on similar materials. They also fit within the range for soils
with similar classifications reported in the literature (e.g., Kulwahy and Mayne,
1990). As described in the response to RAI 2.5.4-13, the ESP triaxial test results
were used only as index tests to generally compare relative properties between
different stratigraphic units, and also to compare against triaxial tests performed
for the UFSAR. The triaxial test results were not used as input parameters to
calculate foundation or design criteria. Therefore, extrapolation of the single-point
test results to estimate shear strength parameters is deemed to be valid for the
purposes of the ESP study.

SSAR Revisions:
See file: 040_SSARTable2.5-7draftrevl1_11-19-2004.pdf

References:
Kulwahy, F.H., and Mayne, P.W., 1990, Manual on estimating soil properties for

foundation design: Electric Power Research Institute Report No. EL-6800,
Research Project 1493-6, 243 pp.

Request:

RAI 2.5.4-16

Appendix G of ER-02 presents the results of dynamic laboratory testing conducted by
the University of Texas on six intact samples obtained from borings B-1, B-2 and B-3
taken at the ESP site. The purpose of the tests was to evaluate the linear and
nonlinear shear modulus and material damping characteristics of the samples. The
dynamic laboratory tests included both Resonant Column (RC) and Torsional Shear
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(TS) conducted at different confining pressures and maximum strain levels. The
samples tested were all fine-grained soil samples, four having low plasticity indices
(Pls) (less than 5%) and two having more plasticity (Pi = 12-13 percent). Table 3 of
Appendix G (as well as Table ER-02-6) of the body of the report indicates that three of
the samples were confined at pressures based on an assumed value of K, of 0.5 and
three were tested at an assumed value of 1.0. What was the basis of these selections
and how did the resulting pressures compare with current estimated in situ stress
levels?

Response:

Six samples from borings WLA B-1, B-2, and B-3 were submitted to the University of
Texas for dynamic laboratory testing. In all six cases the test specimens were
reconsolidated to an isotropic stress equal to the mean estimated in situ stress based
on an estimate of K,, the coefficient of lateral earth pressure. The two loess
specimens were reconsolidated assuming a K, value of 0.5 while the other four test
specimens (two each of Upland Complex Alluvium and Old Alluvium) were
reconsolidated assuming a K. value of 1.0. We note that the RAI incorrectly states
that three samples were assigned a K, value of 0.5, and three samples utilized a K,
value of 1.0.

A K, value of 0.5 was selected for the loess because this material is younger (less
consolidated) than the Upper Complex Alluvium and Old Alluvium. As discussed in
the response to RAI 2.5.4-6, in retrospect, it appears that a better match would have
been obtained between the loess field and laboratory-measured shear wave velocities
using the higher K, value of 1.0 for the laboratory samples. This is reflected by the
improved agreement between the field and laboratory velocities for the loess samples
that were tested at a confining pressure of four times the estimated in situ stress, as
shown on SSAR Table 2.5-26, Draft Rev. 1. The K, value of 0.5 for the loess
therefore did not sufficiently account for the significantly overconsolidated nature of
these deposits. As discussed in our response to RAI 2.5.4-6, the results from the
loess samples tested at four times the estimated in situ confining stress were given a
greater weight during our evaluation and selection of the appropriate EPRI 1993 shear
modulus reduction and hysteretic damping curves for the site response analysis.

SSAR Revisions:

See file: 034_SSARTable_2.5-26draftrevl_1 1-19-2004.pdf

Request:

RAI 2.5.5-1

Section 2.5.5 of the SSAR and Sections 3.3 and 12.5.2 of ER-02 indicate that the
west-side of the proposed ESP site is bounded by a 60-foot to 70 foot escarpment that
may be subjected to surficial slumps and potential creep of the loess soils. They go on
to indicate that since future safety related facilities would be founded on alluvium or
old alluvium encountered below the loess, future movements of the slope should not
have any significant impact on these foundations. However, if such facilities would be
founded close to the scarp, such slump or creep effects could have an impact on
lateral loads applied to such deeply founded facilities. Was any evaluation performed
to indicate the expected behavior of the loess escarpment or the extent to which such
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movements could occur? Should the potential site area therefore contain some
exclusionary zone along the west-side boundary that would not be susceptible to such
potential future slump?

Response:

SSAR Figure 2.5-69, Draft Rev. I shows the spatial relationships between the
Proposed Power Block Area (PPBA), Mississippi River floodplain bluff (in loess soil),
and the postulated shallow slump in the bluff near the west boundary of the ESP site.
The subsurface geologic conditions are shown on vertically-exaggerated cross section
B-B' from SSAR Figure 2.5-76, Draft Rev. 1. The potential hazard to the ESP site
from slope failure and creep in the loess bluff was evaluated by examination of
geologic cross sections, evaluation of embedment depths and positioning of ESP
building foundations, and qualitative assessment of the bluff slope stability in relation
to relative strengths of subsurface materials. No numerical slope stability analyses
were performed, and are deferred to the COL phase when a final reactor design and
layout are selected.

A simplified cross section, RAI Figure 2.5.5-1-1 (attached), was developed for this RAI
at a true 1:1 scale (vertical to horizontal) to show the geometric relationships between
the loess bluff and ESP site that were used for the stability assessment. As apparent
in this schematic section, the PPBA is setback over 100 feet from the closest
approach of the bluff and top of the postulated slump. The maximum foundation
influence zone envelope (discussed in response to RAI 2.5.4-11), extends to just
within the headscarp of the slump area (SSAR Figure 2.5-69, Draft Rev. 1). However,
the likely depth range of ESP reactor foundations required to satisfy minimum
embedment and shear wave velocity criteria place the foundation level about 10 to 80
feet below the elevation of the toe of the bluff slope (the Mississippi River floodplain).

It is unlikely that a failure plane could develop that extends from the toe of the bluff, or
head scarp of the postulated slump, back to the PPBA. Such a failure plane would
have a very gentle inclination of about 8 degrees (<8:1, horizontal to vertical) to reach
the proposed plant grade along the closest approach of the PPBA (RAI Figure 2.5.5.1-
1). Such an intercept location also would not affect the stability or lateral confinement
of the power plant foundation that will be embedded well below the plant yard. In
order to significantly affect the lateral confinement of ESP building foundations, a
failure plane would need to intercept the perimeter of the PPBA at least 5 to 10 feet
below the plant grade, requiring a failure plane that would be even flatter than 8
degrees. Such low angle failure planes are believed to be very unlikely based on the
estimated in situ effective friction angle of 33 to 34 degrees measured by triaxial UC
testing of loess samples during the ESP study (SSAR Section 2.5.4.1.6.1). Based on
examination of the cross section shown in RAI Figure 2.5.5-1-1, no kinematically
feasible bluff failures could extend back to, or negatively impact, the stability and
lateral confinement of ESP power plant foundations within the PPBA.

Based on our qualitative stability assessment, the hazard to the ESP site from
possible future movements in the loess bluff is very low to nil, and does not require
additional analysis for this ESP stage. An exclusionary zone between the top of the
bluff and ESP PPBA therefore is not necessary.
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The design of the cut slope between the ESP PPBA and top of the loess bluff would
be developed during the COL phase based on additional exploratory borings in the cut
area and specific slope stability analysis.

SSAR Revisions:
See file: 017_SSARFig_2.5-69draftrevi_11 -19-2004.pdf

019 SSAR Fig..2.5-76draftrevl -11-19-2004.pdf
041_RAI_FigF2.5.5-1-1.pdf

ADDITIONAL INFORMATION:

During review of the SSAR, we noted an error in Table 2.5-20 and Figure 2.5-59. This
table and figure will be revised.

See file: 046_SSARTable_2.5-20draftrevj11-19-2004.pdf
042_SSAR_Fig_2.5-59draftrevi_11-19-2004.pdf


