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From: John.Conly@luminant.com [mailto:John.Conly@Iluminant.com]

Sent: Monday, December 14, 2009 4:39 PM

To: rjb@nei.org; david.beshear@txu.com; Biggins, James; rbirdl@Iluminant.com; mike.blevins@luminant.com;
Dennis.Buschbaum@Iluminant.com; russell_bywater@mnes-us.com; JCaldwell@luminant.com;
Ronald.Carver@luminant.com; cp34update@certrec.com; Ciocco, Jeff; Timothy.Clouser@luminant.com; Collins, Elmo;
John.Conly@luminant.com; Carolyn.Cosentino@luminant.com; brock.degeyter@energyfutureholdings.com;
nancy.douglas@txu.com; Eric.Evans@Iluminant.com; Rafael.Flores@luminant.com; sfrantz@morganlewis.com; Goldin,
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us.com; Johnson, Michael; Kallan, Paul; masahiko_kaneda@mnes-us.com; kak@nei.org; Allan.Koenig@Iluminant.com;
Kramer, John; mlucas3@Iluminant.com; Fred.Madden@Iluminant.com; Matthews, David; tmatthews@morganlewis.com;
Monarque, Stephen; Ashley.Monts@luminant.com; Bill.Moore@Iluminant.com; masanori_onozuka@mnes-us.com;
ck_paulson@mnes-us.com; Plisco, Loren; Robert.Reible@luminant.com; jrund@morganlewis.com;
jeff.simmons@energyfutureholdings.com; Singal, Balwant; nan_sirirat@mnes-us.com; Takacs, Michael;
joseph_tapia@mnes-us.com; Tindell, Brian; Bruce.Turner@luminant.com; Vrahoretis, Susan; Ward, William;
Matthew.Weeks@luminant.com; Willingham, Michael; Donald.Woodlan@Iluminant.com; diane_yeager@mnes-us.com
Cc: James.Hill2@luminant.com

Subject: Supplemental Information for CP RAI #11

Luminant has submitted the attached supplemental information for our response to RAI No. 1889 (CP RAIl #11) to the
NRC. If there are any questions regarding the submittal, please contact me or contact Don Woodlan (254-897-6887,
Donald.Woodlan@luminant.com).

Thanks,

Cohn Conly

Luminant
COLA Project Manager
(254) 897-5256

Confidentiality Notice: This email message, including any attachments, contains or may contain confidential
information intended only for the addressee. If you are not an intended recipient of this message, be advised that
any reading, dissemination, forwarding, printing, copying or other use of this message or its attachments is
strictly prohibited. If you have received this message in error, please notify the sender immediately by reply
message and delete this email message and any attachments from your system.
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CP-200901687 Ref. # 10 CFR 52
Log # TXNB-09084

December 14, 2009

U. S. Nuclear Regulatory Commission

Document Control Desk

Washington, DC 20555

ATTN: David B. Matthews, Director
Division of New Reactor Licensing

SUBJECT: COMANCHE PEAK NUCLEAR POWER PLANT, UNITS 3 AND 4
DOCKET NUMBERS 52-034 AND 52-035
SUPPLEMENTAL INFORMATION FOR THE RESPONSE TO REQUEST FOR
ADDITIONAL INFORMATION NO. 1889

Dear Sir:

Luminant Generation Company LLC (Luminant) herein submits supplemental information for the
response to Request for Additional Information No. 1889 for the Combined License Application for
Comanche Peak Nuclear Power Plant Units 3 and 4. The affected Final Safety Analysis Report pages
are included with the responses.

The digital data requested in Question 02.05.02-20 are provided on the attached CD in their native
format as required by the NRC and do not meet the submittal criteria established in the "Guidance for

Electronic Submissions to the NRC, Rev. 5."

Should you have any questions regarding these responses, please contact Don Woodlan (254-897-6887,
Donald.Woodlan@luminant.com) or me.

There are no commitments in this letter.
I state under penalty of perjury that the foregoing is true and correct.
Executed on December 14, 2009.
Sincerely,
Luminant Generation Company LLC

Donatd & Wosdlan Yoo

Rafael Flores

Attachments: 1. Supplemental Response to Request for Additional Information No. 1889
(CP RAI #11)

2. CD Containing Electronic Files
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SUPPLEMENTAL RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

Comanche Peak, Units 3 and 4
Luminant Generation Company LLC

Docket Nos. 52-034 and 52-035

RAI NO.: 1889 (CP RAI #11)

SRP SECTION: 02.05.02 — VIBRATORY GROUND MOTION

QUESTIONS for Geosciences and Geotechnical Engineering Branch 1 (RGS1)
DATE OF RAI ISSUE: 7/1/2009

a2 L =

QUESTION NO.: 02.05.02-16

The Meers fault is about 270 km from the CPNPP site with an Mmax distribution of 6.85+£0.15 (Table
2.5.2-213) and a dominant recurrence interval of 1265 years. Considering these parameters, the staff is
unclear why the Meers source’s contribution to mean hazard is almost invisible in the 1 to 2.5 Hz
deaggregations, and only a small contributor to the 5 to 10 Hz deaggregations of Figures 2.5.2-223 to
227. Please explain the near invisibility of the Meers source in FSAR Figures 2.5.2-223 to 227.

s s - s oW i = < o o —ia

SUPPLEMENTAL INFORMATION:

The seismic hazard assessment of the Meers fault was originally calculated using the Gulf Coast
Region ground motion equations from EPRI (2004). The hazard has been recalculated using the Mid-
Continent Region ground motion equations from EPRI (2004) (FSAR Ref. 2.5-401), which are
considered more appropriate. This recalculation indicates that the Meers fault is a significant
contributor to the hazard at the CPNPP site. FSAR text, tables and figures have been revised to reflect
the contribution of the Meers fault. The attached information supplements the response to this question
submitted on September 28, 2009 via Luminant letter TXNB-09049 (ML092740182).

Impact on R-COLA

See table of attached marked-up FSAR Revision 1 pages and figures on the next page.

Impact on S-COLA

None.

Impact on DCD

None.
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FSAR Pages FSAR Figures
2.5-112 2.5.2-215
2.5-113 2.52-216
2.5-115 2.5.2-217
2.5-116 2.5.2-218
2.5-121 2.56.2-219
2.5-123 2.5.2-220
2.5-124 2.5.2-221
2.5-126 2.5.2-222
2.5-343 2.5.2-223
2.5-344 25.2-224
2.5-345 2.5.2-225
2.5-346 2.5.2-226
2.5-347 2.5.2-229
2.5-348 2.5.2-230
2.5-349 2.5.2-231
2.5-350 2.5.2-233
2.5-351 2.5.2-234

2.52-235
2.5.2-236
2.5.2-237
2.5.2-238
2.5.2-239
2.5.2-246
2.5.2-247
2.5.2-248
2.5.2-249
2.5.2-250
2.5.2-251

3.7-201




Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application
Part 2, FSAR

A preliminary calculation of rock seismic hazard was made with the EPRI-SOG
sources plus the Meers fault and New Madrid faults, using the EPRI ground
motion equations (Reference 2.5-401) with the EPRI aleatory uncertainties
(Reference 2.5-403) and no CAV filter. Sensitivity studies indicated that of the
faults identified in Subsection 2.5.2.4.2.3, only the New Madrid and Meers faults
contributed significantly to the hazard. The other fauits discussed in Subsection
2.5.2.4.2.3 (the Rio Grande Rift faults and the Cheraw fault) did not contribute 1%
of the total hazard for 10 Hz and 1 Hz spectral acceleration. The preliminary
calculation of hazard was done for the purpose of deaggregating the hazard. The
CAV filter was not used for this analysis because the CAV filter depends on site
amplitude and shear-wave velocity in the top 30 meters from the surface. The
reason was that incoming seismic waves that might produce low-amplitude rock
motions and be removed by the CAV filter, might also be amplified by local soil
conditions, producing higher amplitudes on soil that would not be removed by the

CAV filter-Figures2-5:2 247-and-2-5:2-220-show-meant0-Hz-and-+-Hzrock- RCOL2_02.0

5.02-16 SO1

Figures 2.5.2-215 through 2.5.2-221 show total rock hazard as the mean, 15th,

50th, and 85th fractile curves for the EPRI-SOG sources plus the Meers fault and

New Madrid faults, using the EPRI ground motion equations (Reference 2.5-401)

with the EPRI aleatory uncertainties (Reference 2.5-403) and no CAV filter. The

total mean and fractile rock hazard curves are shown for all sources. In addition,

the mean hazard from the New Madrid faults is shown (this is included in the total

curves). The Meers fault and New Madrid faults dominate the hazard for RCOL2_02.0

frequencies of 5 Hz and lower, and contribute a significant part of the hazard for 5.02-16 501

10 Hz amplitudes and higher. One of the characteristics of the hazard curves at
low spectral frequencies (2.5 Hz and lower) is that the mean rock hazard curves
exceeded the 85th fractile at high ground motion amplitudes. This exceedance
occurs because the New Madrid seismic source dominates the hazard, and is
caused by a few EPRI ground motion equations (Reference 2.5-401) indicating
relatively high hazards for the large distance between the New Madrid seismic
source and the CPNPP Units 3 and 4 site.

Figure 2.5.2-222 shows the mean and median 10 and 10"5 UHRS for hard rock
conditions, based on the seven ground motion frequencies for which ground
motion estimates are available. Numerical values for the mean UHRS are shown
in Table 2.5.2-219.

The seismic hazard was deaggregated following the guidelines of Regulatory

Guide 1.208 (USNRC, 2007). Specifically, the mean contributions to seismic
hazard for 5 Hz and 10 Hz hazards were deaggregated by magnitude and

2.5-112 Revision1
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distance for the mean 10 ground motions at 5 Hz and 10 Hz, and these
deaggregations were combined. Figure 2.5.2-223 shows this combined
deaggregation. Similar deaggregations of the mean hazard were performed for
1 and 2.5 Hz spectral accelerations (Figure 2.5.2-224). Deaggregations of the

mean hazard for 10° and 10 ground motions are shown in Figures 2.5.2-225
through 2.5.2-228. Deaggregation of the mean seismic hazard is recommended in
Regulatory Guide 1.206 (USNRC, 2007). The contribution of the New Madrid
source to seismic hazard is plotted in the deaggregation figures in the last
distance interval, which represents 400+ km; the New Madrid source is actually
about 870 km from the Comanche Peak site.

Figures 2.5.2-223 through 2.5.2-228 include the contribution to hazard by ¢, which
is the number of logarithmic standard deviations that the applicable ground motion

(10*, 105, or 10°9) is above the logarithmic mean. These figures indicate that the

largest contribution to hazard for 10 and 10 ground motions comes from
values between 0 and 2 standard deviations above the mean, which is a common
result.

The deaggregation plots in Figures 2.5.2-223 through 2.5.2-228 for 10 and 105
ground motions indicate that the Meers fault and New Madrid faults haveseismie- |RCOL2_02.0
sedree-has-a major contributions to seismic hazard at the Comanche Peak site. 5.02-16 SO1

For 10 annual frequency of exceedance, theise sources isare the largest
contributors to seismic hazard for both 5 and 10 Hz (Figure 2.5.2-223) and 1 and

2.5 Hz (Figure 2.5.2-224). For an annual frequency of 1075, the Meers fault and
New Madrid faults are also a-dominant contributors to seismic hazard, even for
high frequencies (Figures 2.5.2-225 and 2.5.2-226). For an annual frequency of

108, most of the hazard at high frequencies comes from local sources (Figure

2.5.2-227), while low frequencies still have a dominant contributions from the New

Madrid fauits (Figure 2.5.2-228). All of these observations are confirmed

qualitatively in Figures 2.5.2-217 through 2.5.2-220, which compare the hazard

from the Meers fault and the New Madrid seursefaults to the hazard from all |RCOL2_02.0
sources for 10, 5, 2.5, and 1 Hz. 5.02-16 SO1

Table 2.5.2-220 summarizes the mean magnitude and distance resulting from
these deaggregations, for all contributions to hazard and for contributions with
distances exceeding 100 km. For the 1 and 2.5 Hz results, contributions from
events with R>100 km exceed 5% of the total hazard. As a resuit, following the
guidance of RG1.208, the controlling earthquake for low-frequency ground
motions was selected from the R>100 km calculation, and the controlling
earthquake for high-frequency ground motions was selected from the overall
calculation. The values of Mw and R selected in this way are shown in shaded
cells in Table 2.5.2-220.

Tables 2.5.2-221 through 2.5.2-226 document the deaggregation of seismic
hazard for the following deaggregations: 104 high frequencies, 104 low

2.5-113 Revisien+
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The subsurface conditions necessary to predict and model the seismic wave

transmission characteristics for CPNPP Units 3 and 4 were determined from both
site—specific and regional data. FhisThese data included both stratigraphic and |gg%'fggg§ 0
representative shear and compressional wave measurements that were usedto 5 35.167501

develop the site profile and isare summarized in Table 2.5.2-227. A detailed |RcoL2 02.0
discussion of the data and methodology for developing the stratigraphy and 5.02-16 S01
corresponding dynamic properties used to define the dynamic profile for the site is

provided in Subsection 2.5.4.4.2.2. |cTs-00916

The profile is divided into the shallow profile (surface to about 500 ft) and the deep
profile (about 500 ft to “basement’). The shallow profile represents depth to which
extensive characterization has been performed. The lateral and vertical control on
the subsurface strata (layering) was defined primarily on lithology and material
properties. The velocity measurements in the shallow profile have been
developed from 15 suspension logs from borings drilled as part of the foundation
exploration described in Subsection 2.5.4.4.2.1.

The foundation basemats of all sategery-4seismic Catergory | structures will be | CTS-00916
founded on a limestone unit (denoted as Layer C in Subsection 2.5.4), with the

exception of eategery-+seismic Category | electrical duct banks that will be | CTS-00916
embedded in compacted fill adjacent to the nuclear island. Excavation to Layer C

will remove the shallower units (layers A, B1, and B2) and, where the top of Layer

C is below the bottom of the elevation, fill concrete will be placed to achieve the

bottom of basemat elevation. The average thickness of Layer C is greater than 60

ft and dips less than 1°. The average shear wave velocity of Layer C is greater

than 5800 ft/sec, as determined from the 15 suspension log borings. Profiles for
development of the GMRS and FIRS are detailed in Subsection 2.5.2.6 and

provide the criteria for exclusion or inclusion of specific layers including fill

concrete and compacted fill.

The deep profile was characterized from regional wells and maps. Strata that
define the deep profile are based primarily on lithology and stratigraphic surfaces
projected to the CPNPP site to estimate the elevation. Velocity data for the deep
profile was limited to only a few wells and consisted primarily of compressional
wave velocities except where shear wave velocity data was available from a
single well as discussed in the following section on uncertainties. Basement was
defined as the depth at which a shear wave velocity of 9200 ft/sec and greater
was achieved. Basement was therefore defined as the top of the Ellenburger
limestone located at a depth of about 5300 ft at the site. The Ellenburger is a
regionally extensive unit with an estimated shear wave velocity of nearly

11,000 ft/sec.

2.5.2.5.1 Aleatory and Epistemic UneertainityUncertainty | CTS-01098

The shallow profile has been extensively characterized from over 150
geotechnical borings and geologic mapping of the area. The profile has been
stratified based on vertical changes in lithology that can be mapped laterally from
boring to boring. Standard deviations for the top of each shallow profile layer are

2.5-115 Revision-1
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less than 2 ft for the upper 200 ft of the profile. The standard deviation for the
layers defining the shallow profile from about 200 ft to about 500 ft range from
about 1 to 5 ft. Velocity data for the shallow profile acquired from 15 suspension
borings demonstrated a strong correlation between the layering and places where
simulated down-hole travel time gradient “breaks” occurred.

The deep profile was developed from regional wells and results in a higher
wneertainityuncertainty in both the layering (stratigraphy) and velocity | CTS-01098
measurements. Shear wave velocity measurements were available from a single

well located about 6 mi from the site and waswere limited to the Barnett Shale (a |CTS-00916
shale unit at a depth of about 5000 ft) for a total depth interval of about 4000 ft

(about 5000 ft depth to about 9000 ft depth). This data was used to develop a

linear extrapolation to estimate shear wave velocity from available pressure wave

velocities from other wells to complete the deep profile. Thus, the epistemic

uncertainty for the deep profile is much greater than for the shallow profile. See

Subsection 2.5.4.4.2.2 for detailed discussion.

The deep profile lacks a statistical basis for estimating a robust standard deviation
for all layer velocities. The coefficient of variation (CoV=standard deviation/mean)
calculated as 31% for the Atoka formation demonstrated the highest CoV for all
deep profile layers. Therefore, the variability in velocity was calculated at 31% for
all deep profile layers. The velocity range for the shallow profile was defined as
25% of the mean velocity of each layer. Subsection 2.5.4.4.2.2 provides a detailed
discussion of the data and methodology for development of the dynamic profile.

Table 2.5.2-227 summarizes the layer properties including depth, thickness,
velocities and assigned variabilities based on the aleatory and epistemic
uncertainties discussed.

25252 Description of Site Response Analysis

The site response analysis was conducted in three steps that are common to
analyses of this type. First, the site geology and geotechnical properties were
reviewed and used to generate multiple synthetic profiles of site characteristics.
Second, sets of rock spectra were selected to represent rock ground motions

corresponding to mean annual exceedence frequencies of 104, 10, and 10°8.
Finally, site response was calculated using an equivalent-linear technique, using
the multiple synthetic profile and the sets of rock spectra representing input .
motions. These three steps are described in detail in the following sections.

25.2.5.21 Generation of Synthetic Profiles

To account for the epistemic and aleatory uncertainties in the site's dynamic

properties, muitiple-o£-60 synthetic profiles were generated using the stochastic  |RCOL2_02.0
model developed by Toro (Reference 2.5-432), with some modifications to 5.02-16 So1
account for the conditions at the Comanche Peak site. These synthetic profiles

represent the site column from the top of the bedrock to the elevations where the

GMRS and the various FIRS are defined (see Subsection 2.5.2.6). Bedrock is
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. Ultimate Heat Sink
. Turbine Building
. Auxiliary Building
. Essential Service Water Pipe Tunnel
. Power Source Fuel Storage Vaults
. East and West Power Source Buildings

In some cases, slight amounts of over-excavation will be required below the
planned foundation subgrade elevations to reach the stiff limestone (Layer C). In
these cases, a relatively thin layer of fill concrete will be placed on the cleaned
limestone sub-excavation and extended to the foundation subgrade elevation.
The thickness of the fill concrete will potentially range from about 0 ft to less than
2 ft.

Ground motion response spectra (GMRS) were calculated for horizontal and
vertical motion by the methods discussed below.

25.2.61.1 Horizontal GMRS Spectrum

Fhe-GMRS-for-horizontal-motion-was-calculated-forA seismic hazard calculation. |RCOL2_03.0
was made using the site amplification factors for the GMRS elevation. which is |7'°2‘1
elevation 782 ft (top of Layer C). Figure 2.5.2-233 shows the median amplification

factor (AF) and logarithmic standard deviation of AF for this elevation, using

broad-banded input motions (the envelope of the spectra in Figures 2.5.2-229

through 2.5.2-231)._This calculation was made at the seven spectral frequencies 5320';2_03-0

at which ground motion equations were available from the 2004 EPRI study
{Reference 2.5-401) (100 Hz, 25 Hz, 5 Hz. 2.5 Hz. 1 Hz, and 0.5 Hz).

The seismic hazard for horizontal motion was calculated by integrating the

horizontal amplification factors shown in Figure 2.5.2-233 with the rock hazard

and applying the CAV filter. This corresponds to Approach 3 in the-NRG-standard,- | RCOL2_02.0
NUREG/CR-6769. 5.02-16 501

The horizontal GMRS was developed from the horizontal UHRS using the
approach described in ASCE/SEI Standard 43-05 (Reference 2.5-371) and
Regulatory Guide 1.208. The ASCE/SEI Standard 43-05 (Reference 2.5-371)
approach defines the GMRS using the site-specific UHRS, which is defined for

Seismic Design Category SDC-5 at a mean 10 annual frequency of exceedance.
The procedure for computing the GMRS is as follows.

For each spectral frequency at which the UHRS is defined, a slope factor Ag is
determined from:
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range encompasses all the energy of the rock ground motions for earthquakes in |RcoL2 03.0
the Central and Eastern United States and meets the requirements in Subsection |7.02-1

3.4 “Hazard Assessment” in item C “Regqulatory Position” of Regulatory Guide

1.208. The natural frequency of the GMRS soil column is 0.29 Hz. Because of the

very flat appearance of the spectra at the seven spectral frequencies at which

hazard calculations were made, log-log interpolation between available hazard

values was used, with the exception of the following frequency ranges.

1 Hz to 5Hz: Within this frequeney range, a peak irsidein site spectra occurs at | RCOL2_02.0
2.5 Hz, reflecting a site amplification at about 2 Hz. To reflect this amplification, 5.02:16 501
the 4E-510=2 spectral amplitude at 2.5 Hz was broadened using rock spectral CTS-00916
shapes from NUREG/CR-6728 and using the broad-banded values of M=##7.5

and R=886650 km for +£-510-2 (on which the site amplification calculations were R02°‘1-2 03.0
based). This is an acceptable approximation given that the rock spectrum is 70
decreasing between 2.5 and 1 Hz.

0.5 Hz to 0.1 Hz: Below 0.5 Hz, the assumption wasis made that spectral CTs-01098

accelerations are proportional to f down to 8-426-Hz-{(where—fisfrequeney-and- 5%20';2—03'0
are-proportional-tof2-between-0-125-Hzand 0.1 Hz (where f is frequency). This is |RcoL2 02.0

a common assumption for spectral shapes at low frequencies_for the site region. | 5.02-16 S01

These GMRS spectrum isard-FRS-spestra-are plotted in Figures 2.5.2-247_along
with the 10=2 UHRS-through-2-6-2-261-with-the-1E-5-spectrum-for-each-condition-

also-plotted. Table 2.5.2-236 shows the numerical values for the 4610 0= and
GMRS spectrar-and—Fable2-6-2237Fshews-the-rumericabvaluesforthe 1E-6and-

FiRS-spesctra.
25.2.6.1.2 Vertical GMRS Spectrum

Vertical motions at the CPNPP Units 3 and 4 site are addressed by reviewing

results in NUREG/CR-6728 for V/H ratios at deep soil sites, for both the western

US (WUS) and the CEUS. Example results presented in the YS-ARWR- CTS-00916
BEBNUREG/CR-6728 indicate that for earthquakes >40 km from a deep soil site, l

V/H ratios are expected to be less than unity for all frequencies (Figures J-31 and

J-32 in Appendix J of the BEBNUREG/CR-6728). For the 10 ground motion, ~ |CTS-00916
expected distances from deaggregation are greater than 100 km (Table 2.5.2-

220). Any exceedance of unity occurs for high frequencies (>10 Hz) for short

source-to-site distances. Also, for ground motions with peak horizontal

accelerations <0.2g, the recommended V/H ratios for hard rock conditions are

less than unity; see Table 4-5 of the BEBNUREG/CR-6728. The conclusion is that | CTS-00916
V/H ratios for the CPNPP Units 3 and 4 site will be less than unity for all spectral
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frequencies. Therefore, the vertical GMRS will be below the horizontal GMRS
shown in Figure 2.5.2-233234.

Figure 2.5.2-234 shows that the horizontal DCD spectrum exceeds the horizontal
GMRS. The vertical DCD spectrum equals or does not exceed the horizontal DCD
spectrum for frequencies above 3.5 Hz. The conclusion is that the vertical DCD
spectrum will also exceed the vertical GMRS. Under this condition, the DCD
minimum vertical design motion will govern the vertical response, just as the DCD
minimum horizontal design motion will govern the horizontal response.

Vertical GMRS and FIRS spectra were developed using vertical-to-horizontal
(V/H) ratios. NUREG/CR-6728 and RG 1.60 indicate proposed V/H ratios for
design spectra for nuclear facilities, and these V/H ratios are plotted in Figure
2.5.2-252. The V/H ratios in Figure 2.5.2-252 taken from NUGREG/CR-6728 (the
blue curve) are recommended for hard sites in the CEUS. The Comanche Peak
site is a deep, soft-rock site with shales and limestones near the surface having
shear-wave velocities of about 2600 fps, and the V/H ratios for this site condition
will be similar to those for hard roick sites.

Based on these comparisons, it is concluded that the applicable V/H ratios at the
Comanche Peak site will be < 1.0 at all spectral frequencies between 100 Hz and
0.1 Hz. As a conservative assumption, the V /H ratio is assumed to be equal to 1.0
at all spectral frequencies. This assumption is also plotted in Figure 2.5.2-252.

The result of this assumption is that the spectra plotted in Figures 2.5.2-247
through 2.5.2-251 for the GMRS and four FIRS conditions apply to both the
horizontal and vertical motions.

Tables 2.5.2-236 and 2.5.2-237 document (respectively) the 10°° UHRS and

GMRS, and the 10" UHRS and FIRS. Because V /H is assumed to be equal to
unity, these spectra apply to both horizontal and vertical motions.

2.5.2.6.2 Foundation Input Response Spectrum

Site response analyses were conducted for an additional four cases (FIRS 2,
FIRS 3, FIRS 4_CoV30, and FIRS 4_CoV50) to consider foundation input
response spectra for specific conditions different from the GMRS elevation. These
four cases are as follows:

FIRS 2 - Set at elevation 787 ft.

This FIRS represents generic site response conditions for structures resting on fill
concrete layer in which the fill concrete thickness and horizontal extent away from
the edge of the foundation is significant and thus modeled as a horizontally infinite
layer.
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FIRS4_CoV30: elevation 822 ft. The elevation for FIRS 4 is the same as for FIRS
3, but the profile consists of sub-excavation to stiff limestone at elevation 782 ft,
and backfilling to plant grade with cohesionless engineered compacted fill.

FIRS4_CoV50: elevation 822 ft. This profile is the same as for FIRS 4 except it
uses a coefficient of variation (CoV) of 50% (instead of 30%) for the Vs of the fill
material.

Figures 2.5.2-235 through 2.5.2-238 show median ampilification factors and
logarithmic standard deviations for these four FIRS cases, for the 104, 105, and
10 broadband input motions.

The seismic hazard for each FIRS case was calculated by integrating the
horizontal amplification factors shown in Figures 2.5.2-235 through 2.5.2-238 with
the rock hazard and applying the CAV filter. This is an analogous calculation to
the calculation of hazard for the GMRS elevation. For all FIRS cases the hazard
curves at low amplitudes rolled over to an annual frequency of exceedance that

was less than 10%. As was the case for the GMRS, the FIRS spectra were
calculated using the 10’5 UHRS and applying the factor from Eq. 2.5.2-3; i.e.,
FIRS = 0.45 x SA(10).

Figure 2.5.2-239 plots the four horizontal FIRS and compares them to the
horizontal minimum DCD spectrum. The minimum DCD spectrum envelops all

four FIRS, down to frequenmes of 0 5 Hz Fepthﬁ-Feaseﬁ—detaﬂed—speetral- RCOL2_02.0

. 5.02-16 SO1
fewheh—gfeand-mehen-eqaaﬂws—aFe—ava#able—Values of the horizontal 10” 5
UHRS and FIRS are shown in Table 2.5.2-229 for the seven spectral frequencies.

Smooth horizontal spectra for the four FIRS conditions (FIRS2, FIRS3. FIRS4. RCOL2_03.0

and FIRS4-CoV50) were calculated in a manner simijlar to the way in which the 7.02-1
smooth GMRS was calculated, as described om Section 2.5.2.6.1.1. Note that the
FIRS3 spectra have peaks at about 2.5 Hz and 10 Hz. and that the FIRS4 and
FIRS4-CoV50 spectra have peaks at about 1.5 Hz and 5 Hz. These peaks were

broadened in an approximate way similar to the procedure used for the GMRS.

The FIRS spectra are plotted in Figures 2.5.2-248 through 2.5.2-251 with the 102
spectrum for each condition also plotted. Table 2.5.2-237 shows the numerical

values for the 10-2 and FIRS spectra.

For vertical FIRS motions, the same considerations used for the GMRS were
used for the FIRS. That is, for large source-to-site distances, results in the Jg- | CTS-00916
ARPWR-DGB-{Referense2-6-2288)NUREG/CR-6728 indicate that V/H ratios will
be less than unity for all frequencies. V/H ratios are likely to be considerably less
than unity at frequencies below 5 Hz. Appendix J of Ref2-6-2288NUREG/CR-  |CTS-00916
6728 indicates that for distances exceeding 40 km, soil sites in both the WUS and
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Table 2.5.2-230

Calculation of Duration and Effective Strain Ratio for Rock Input Motions
Considered in Site Response Calculations

Seismic
Moment Corner Eff
Magnitude | Distance Mo Frequency | Duration Strain
Case M R (km) (dyn-cm) fc (Hz) T (sec) Ratio
+08E+262.5
1E-4 HF #26.9 460300 1E+26 0:090.13 | 33:0422.46 | 6-620.59
2-82E4+271.0
1E-4 BB 767.3 820570 QE+27 0-060.08 | 5/7040.32 | 6:660.63
3-08E+271.4
1E-5BB ++1.4 860620 1E+27 0:060.08 | 64-+444.26 | 6-650.64
6:62E+272.0
1E-6 BB +87.5 860660 OE+27 8-:0680.07 64-0247.88 | 6-660.65
2.5-343
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Table 2.5.2-231
Amplification Factors for the GMRS/FIRS1 Site Column

Amplification Factor for | Amplification Factor for Amplification Factor
10 107 for 10°°
Logarithmic Logarithmic Logarithmic
Freq (Hz) | Median Std. Dev. Median Std. Dev. Median Std. Dev.
0.1 4431.10 0.06 +1431.10 9:070.06 443110 0-:070.06
0.125 4461.14 0.08 4161.14 6:090.08 4-161.14 06-880.08
0.15 4201.18 0.11 4201.19 0.11 4201.19 0.11
0.2 4341.30 0:-470.16 4341.30 0.16 4341.30 0.16
0.3 4471.46 0-480.17 1.46 0-470.18 1.46 0-470.18
04 4451.43 0.17 1.43 0.17 1.43 0.17
0.5 4:391.37 0-480.17 1.37 8-180.17 1.37 0-480.17
0.6 4381.36 0.16 1.36 0.16 1.36 0.16
0.7 4-401.37 0-450.14 1.37 0.14 1.38 0.14
0.8 4-431.39 0420.11 1.40 0.12 1.40 0.12
0.9 4431.39 6-440.10 1.39 0.10 1.39 0.10
1 4461.41 0.12 43%1.38 0.11 1.37 0.11
1.25 4-661.60 8-470.16 1.61 0.17 1.61 0.17
1.5 4821.75 0.19 1.75 0.19 1.74 0.19
2 1-801.71 0.13 +721.71 0.13 1#21.71 0.13
2.5 4:631.44 0-1440.16 142 8:-140.15 1.41 0.14
3 4221.12 8-460.17 4+441.12 8-460.17 112 0.16
4 06-:940.83 0-1430.16 8:860.84 8-4140.15 0.83 0.15
5 8-870.74 8-420.15 6-780.75 6:-130.14 0.74 0.14
6 0-860.72 0:-140.17 8:-750.73 8:460.17 0.71 0-480.17
7 06-800.66 8-160.20 0-690.66 0-470.19 0.64 0.21
8 8-740.59 8-460.20 8:630.60 8-470.19 0-660.57 0.21
9 0-#40.56 0-460.19 0-690.56 8-470.19 0.52 0.21
10 0-#20.55 0-160.20 0-680.55 6-470.19 0:600.51 6-230.22
12.5 0-740.54 0-2140.26 9:5670.54 0-230.26 0.49 6:340.30
15 8-+30.52 8-190.24 06-660.51 8:220.25 0.47 0.29
20 0-630.42 0-140.18 0-450.39 8-1460.19 0.34 0.24
25 0:680.37 0-420.15 6-390.33 0:-140.16 0:280.27 0.20
30 0-660.35 8-440.14 6-380.32 6-420.14 0.26 0.17
35 0:660.35 8-+0.13 0-380.32 8-4+0.13 0.26 0.16
40 08-660.36 8-410.12 6-390.33 6-440.12 0.26 0.14
45 0-660.37 8-480.11 8-400.34 0-400.11 0.27 0.13
50 8-680.39 6-160.11 0:420 .36 046011 6-280.29 0.13
60 0-660.44 6:680.10 0-480.42 8-:680.10 0-330.34 8120.11
70 0-780.53 8:080.10 06-660.52 8:680.10 640041 0.1
80 0-840.63 0-080.10 8-720.63 8-090.10 8-480.50 0.11
90 4:630.73 06-:080.10 0:830.73 9:080.10 6-660.59 0.11
100 420.79 98-:080.10 0-:840.81 6-680.10 8:620.66 0.11
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Table 2.5.2-232
Amplification Factors for the FIRS2 Site Column

Amplification Factor | Amplification Factor | Amplification Factor
for 10 for 105 for 106
Logarithmi Logarithmic Logarithmic

Freq (Hz) | Median c Std. Dev. Median Std. Dev. Median Std. Dev.
0.1 4+421.09 0-060.05 4+1421.09 0-:670.05 4421.09 0.06
0.125 +141.12 0.08 +1441.12 0.08 +441.12 0.08
0.15 1+481.16 6-410.10 4481.16 6-4+10.10 14481.16 0.11
0.2 1+271.26 0.16 4271.26 0.16 4271.26 0.16
0.3 443142 0.18 4431.42 0.18 1.43 0.18
04 1.44 0.17 1.44 0.17 1.44 0.17
0.5 1.40 0.18 1.40 0.18 1.40 0.18
0.6 1.37 0.15 4381.37 0.15 1.38 0.15
0.7 1.37 0.13 1.37 0.13 4-381.37 0.13
0.8 1.39 0.10 1.39 0.10 1.39 0.10
0.9 1.41 0.11 1.41 0.11 1.40 0.1
1 1.45 0.14 1.41 0.13 1.41 0.13
1.25 1.64 0.19 1.65 0.19 1.65 0.19
1.5 1.83 0.18 1.83 0.18 1.83 0.18
2 +#31.72 0.14 +#31.72 0.13 1.72 0.13
25 4391.38 8-1460.17 437136 6-160.16 1.36 0.15
3 4401.07 8-470.18 4-401.08 9:-470.18 1.08 0.17
4 6-860.80 8-440.16 0-840.81 0-140.15 0.81 0.15
5 0:800.75 8-460.17 6-780.76 8-160.17 0.74 0.17
6 8:780.73 8-470.20 0-760.74 6-180.19 0.72 0.20

7 8-+30.66 0-480.24 0-760.67 8-240.23 0.64 8-260.24

8 08:670.59 6:200.25 9-630.60 0-220.25 09-:660.57 0-280.27

9 0-660.56 0-200.26 0-660.56 9-230.25 0-620.53 0-280.28
10 8:6560.56 0:200.26 0-600.56 6-230.25 8-640.52 0.29

12.5 8-670.57 8:250.32 08-640.57 0-200.32 6:620.53 8-370.36
15 8:640.54 8-230.30 8-660.52 0-270.31 0.48 0.36
20 8:650.42 8-450.22 0-450.39 8:260.23 0.34 0.28
25 6:620.37 0-440.19 9-400.34 6-1#0.21 0.28 0.25
30 8:640.36 8-440.20 0390.33 8-480.21 0.27 0.25
35 6-600.36 8-440.19 0-390.33 0-4+#0.20 0.27 0.25
40 8:640.37 8-430.17 0-460.34 8-160.17 0.27 0.20
45 0:520.37 0-420.15 8-440.35 0-430.15 0.28 0.18
50 8-640.39 840,14 0-430.37 0-430.15 0.29 0.17
60 8-640.45 8-440.13 0:600.43 6-120.13 0.34 0.15
70 8:-720.54 8-460.13 0-610.53 8-110.12 6:410.42 0.14
80 0-850.64 8-160.12 8-+430.64 8-410.12 8-490.51 0.14
90 8:970.74 8-460.12 0-840.74 0-110.12 6-6%0.60 0.14
100 4-650.80 8-460.12 08-930.82 8-+0.12 8-630.67 0.14
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Table 2.5.2-233
Ampilification Factors for the FIRS3 Site Column

Amplification Factor | Amplification Factor Amplification Factor
for 10* for 10° for 106
Logarithmic Logarithmic Logarithmic
Freq (Hz) | Median Std. Dev. Median Std. Dev. Median Std. Dev.
0.1 412109 | 008007 | 442109 | 008007 | 442109 0-680.07 RCOL2_02.0
0125 | 444113 | 049010 | 444113 | 044010 | 444113 | 06440.10 5.02-16 501
0.15 4481.17 0.14 448117 0.14 448117 0.14
0.2 4271.26 0.19 +271.26 0.19 4271.26 0.19
03 1.39 0.19 1.39 0.19 1.39 0.19
04 1.39 0.16 1.39 0.16 1.39 0.16
0.5 1.37 0.17 1.36 0-480.17 1.36 0-480.17
0.6 1.35 0.16 1.35 0.16 1.35 0:470.16
0.7 1.35 0.13 1.35 0.13 1.36 0.13
0.8 1.40 8-420.11 1.40 -420.11 1.40 6420.11
09 1.44 0.12 444143 0.12 1.43 0.12
1 1.46 0.14 1.41 0.13 1.41 0.13
1.25 1.60 0.20 4601.61 0.20 1.60 0.20
1.5 1.78 0.18 1.78 0.18 3+781.77 0.18
2 4.661.65 0.15 1.66 0.15 1.66 6-450.18
2.5 437135 6:220.23 4-361.34 8:200.21 1.34 0.20
3 4431.10 8-240.22 +HH21.11 6:200.21 1.10 0.21
4 6-890.84 0-160.18 0-870.85 0.17 0.85 0.17
5 6-840.80 0-480.21 8-830.81 6-480.20 0.79 0.20
6 0-840.79 8:200.23 06-830.80 9:240.22 0.79 0.23
8 6-800.74 0-280.33 8F#0.75 8-300.32 0.72 0.34
9 0-830.76 0320.37 0-790.77 6-360.37 0.74 0.39
10 0-880.81 0-330.38 0-840.82 8-360.38 0.79 8-410.40
12.5 8:940.88 0:290.35 6-900.88 0:330.35 0.86 6-380.37
15 08-840.74 6-360.36 0-+760.72 8-340.37 0.69 0.41
20 8-680.57 8-260.33 8-680.55 8-310.35 0.51 0.40
25 0-5690.46 8-490.26 6-480.42 0-240.28 0.37 0.33
30 8-660.41 08-460.22 8-430.37 8-4980.23 0.32 0.27
35 6-630.40 0-460.21 8:430.37 8-180.22 0.31 6-260.25
40 8-640.41 6-460.20 6-430.38 0-480.21 0.31 0-260.24
45 6-660.42 6-460.20 0:460.39 0-470.20 0.32 0.23
50 6-670.44 8-440.29 8-470.41 0-160.19 0.34 0.22
60 06-660.50 0-430.18 0-660.48 8-460.17 6-390.40 0.20
70 8-770.60 8-430.17 0-670.59 6-440.17 647049 6-260.19
80 8:840.71 0-430.17 8:800.71 8-140.16 0:570.59 0.19
90 4:030.82 0-1430.16 0-820.83 8-1440.16 6-660.69 0.19
100 4420.89 8-1420.16 +0640.92 0-440.16 8-730.77 0.19
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Table 2.5.2-234
Amplification Factors for the FIRS4 Site Column

Ampilification Factor | Amplification Factor | Amplification Factor
for 104 for 103 for 106
Freq Logarithmic Logarithmic Logarithmic
(Hz) Median Std. Dev. Median Std. Dev. Std. Dev.
0.1 +421.10 9:060.05 4+431.10 0-860.05 4431.10 9-060.05
0.125 | +461.13 0-680.07 +461.13 0-080.07 +1651.13 08-080.07
0.15 4191.18 0.10 +491.18 0.10 4-191.18 0.10
0.2 4-291.28 0.15 4:291.28 0.15 0.15
0.3 1.45 0.18 4461.45 0.18 0.18
0.4 4-441.43 0.17 1.44 0.17 0.17
0.5 1.37 0.17 1.37 9-480.16 4-381.39 0.18
0.6 1.35 8:-460.15 1.36 0.16 0.17
0.7 4-381.39 0.14 1.39 0.14 0.16
0.8 1.45 0.13 1.46 0.14 0.17
0.9 1.49 0.14 4:481.50 0.14 1.55 8-180.20
1 1.54 0.15 1.51 0.15 1.58 9-240.22
1.25 4791.80 0.19 4:821.83 0.19 1.94 0-240.25
1.5 1.98 0.22 2:822.03 0.23 2.15 £8-200.30
2 4:021.93 0-160.16 4:992.01 8-490.20 . 0.26
25 4:621.63 8:230.25 4:691.70 9-280.29 4:801.79 0.31
3 1.42 98-360.32 1.52 0-360.36 0.35
4 1.50 0-470.49 1.53 0.44 0.40
5 1.85 8:480.49 474176 8:430.44 4-641.55 0.40
6 2:042.00 0-400.41 4+821.77 0-380.40 4441.43 0.45
7 4871.80 038041 461155 0-420.44 4241.23 0.49
9 +441.31 09:400.44 +491.13 0-420.43 0.45
10 4231.12 6:320.36 4:040.99 0-330.34 0.36
12.5 4:080.99 6:260.29 0-930.88 9-270.29 0.70 0.31
15 4-660.94 827031 0-840.81 98-280.30 0.64 0.34
20 08-910.76 98:260.31 0-700.63 0:280.32 0.48 0.35
25 0-820.66 0:220.27 8:610.53 8:240.27 0.39 0.29
30 9-780.61 8:260.24 8:5680.50 8-240.23 -380.37 0.25
35 8-770.61 8:200.23 0-680.50 08-200.22 0-380.37 0.23
40 8-770.61 6-4980.22 0-690.51 9:490.20 0.21
45 0-780.62 9-480.21 0-600.53 0:480.20 0.20
50 9-8140.65 9:-480.20 08-640.56 8:480.19 0.19
60 0:920.74 9-470.19 0-740.66 847018 0-480.50 0.18
70 4-680.89 6-470.19 6-900.81 8-160.17 -600. 0.18
80 4-291.06 8-470.19 4-080.98 9-460.17 0-+#20.74 8-480.17
920 4-461.22 9-470.19 4261.14 046017 0-830.87 0.17
100 4:581.33 8-460.19 4:371.26 8:460.17 08:920.97 0.17
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Table 2.5.2-235
Ampilification Factors for the FIRS4_CoV50 Site Column

Amplification Factor | Amplification Factor | Amplification Factor
for 104 for 105 for 10-°
Freq Logarithmic Logarithmic Logarithmic
(Hz) Median Std. Dev. Median Std. Dev. Median Std. Dev.
0.125 4451.13 9-080.07 4461.13 9:080.07 +161.14 8:080.07
0.15 4481.18 0.10 4201.18 0.10 426119 0.10
0.2 4291.28 0.15 4:361.29 0.15 4341.30 0.15
0.3 4461.45 0.18 4471.46 0.18 1.48 0.19
04 1.44 0.17 1.45 0.17 1.48 0.20
05 1.38 0.18 1.39 8:480.19 1.44 9:230.24
0.6 1.36 0.16 1.39 0.18 1.45 0.25
0.7 1.40 0.15 443144 8:480.19 1.51 0-260.26
0.8 1.47 0.14 1.52 0:200.21 1.60 0.27
0.9 +5611.52 0.15 4-661.57 622023 1.65 0-280.29
1 1.57 0.17 4:681.60 0.23 4:6981.70 0.30
1.25 $:841.86 0:210.22 4:941.96 0:280.29 2,04 0.33
1.5 2:862.07 0-280.29 2432.15 0.32 2.20 9-360.31
2 2:062.06 6-280.29 2.1 8-300.31 2-162.11 0-280.29
2.5 1.76 08-360.37 4+#61.73 0.35 1.73 0.33
3 4-651.54 0-440.45 4611.49 0-380.38 1.48 0.38
4 447143 0.49 4-461.38 8:440.46 431130 0.47
5 4611.57 06:660.53 4-481.44 98-480.50 421119 0-440.43
6 4-661.57 045047 4-421.36 0:420.44 +421.11 0-480.47
7 4:621.43 08:410.45 4341.25 8:450.47 4:021.01 0.50
8 4401.30 6-390.43 4-181.12 8-420.44 0.93 0.51
9 4331.23 08-360.41 4421.06 8:420.45 0.87 0.52
10 4271.15 0-350.40 4:061.00 9:400.43 0.80 8-5640.50
12.5 4431.01 08-360.34 0:920.86 8:330.36 0:680.68 0.43
15 4:040.91 0-280.32 0:840.77 0:3140.35 0-610.60 0.41
20 9:880.73 98-260.30 0:670.60 0-280.31 08-460.45 0.36
25 0-820.64 0:230.28 08:600.51 0:260.29 08:400.39 0-360.36
30 0-780.62 08-230.27 8-680.50 0:260.28 06-380.37 0-340.32
35 0-760.60 8:240.24 9:670.49 9:210.24 0.37 0.27
40 8-760.60 6-240.23 08-680.50 09-200.22 0.37 0.24
45 8-780.61 9-200.22 0-600.52 8490.21 0.38 0-220.21
50 8:810.64 0-200.21 0-630.55 9-480.20 0.41 0:240.20
60 8:820.73 0:200.21 8-730.64 06-180.19 0.48 0.19
70 4:090.87 0-190.20 0-890.79 0-1480.19 0-580.59 0.19
80 4281.04 6-190.20 4:060.95 0.18 8-760.72 0-190.18
90 4.451.19 0-180.20 4231.11 0.18 0:810.84 0.18
100 46+1.30 0-4980.20 4:361.23 0.18 8-:800.94 0.18
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1E-5 and GMRS Amplitudes for GMRS Elevation, Horizontal and Vertical

Table 2.5.2-236

Horizontal and vertical amplitudes for GMRS
elevation
Frequency 1E-5 UHRS GMRS

100 #+43E-028.26E-02 | 3:34E-023.72-E-02
90 748E-628.33E-02 | 3-34=-023.75E-02
80 #54E-028.42E-02 | 3-30E-023.79E-02
75 +675-028.46E-02 | 3-44E-023.81E-02
70 +614E-028.51E-02 | 3428-023.83E-02
60 768E-028.62E-02 | 3-46E-623.88E-02
50 +F8E-028.76E-02 | 3-56E-623.94E-02
40 #89E-028.92E-02 3-66E-024.01E-02
30 8-:04E-020.14E-02 | 3.:62E-024.11E-02
25 844E-029.28E-02 | 3-66E-024.18E-02
20 8:63E-029.74E-02 | 3-84E-824.38E-02
15 9:06E-021.04-E01 | 4-867E024.66E-02
125 840E-021.08E-01 | 4-23E6-024.85E-02
10 9:85E-021.13E-01 | 4-43E-025.09E-02
9 9-:99E-021.14E-01 | 4-49E-025.14E-02
8 4-04E-041.'6E-01 4-67E-025.20E-02
75 402E-041.16E-01 | 4-64+-025.23E-02
7 4-03E-041.17E-01 | 4-66E-025.27E-02
6 4.06E-0141.19E-01 | 4-74E-025.35E-02
5 4:086-0141.21E-01 | 4-86E-025.45E-02
4 434E-041.42E-01 | 6:94E-626.39E-02
3 4-64E-041.58E-01 | 6-78E-627.13E-02
25 4.66E-011.62E-01 | 6-:98E-027.29E-02
2 4-66E-041.54E-01 | 6-99E-027.13E-02
1.8 4-64E-0141.50E-01 | 6-92E-026.75E-02
1.5 4-43E-0141.36E-01 | 6-42E-626.14E-02
1.25 4-28E-041.20E-01 | 6-#6E-625.41E-02
1 4-:08E-011.00E-01 | 4-94E-024.50E-02
0.9 4-08E-049.65E-02 | 4-86E-024.34E-02
0.8 4.07E-019.27E-02 | 4-80E-624.17E-02
0.7 4-06E-048.85E-02 | 4-74E-623.98E-02
0.6 4-04E-0148.40E-02 | 4-67E-623.78E-02
0.5 4-02E-0147.89E-02 | 4-59E-623.55E-02
0.4 8-46E-026.31E-02 | 3-67E-622.84E-02
0.3 6-426-024 73E-02 | 2+6E-022 13E-02
0.2 4-08E-023.16E-02 | 4-84E-021.42E-02
0.15 3.:06E-022.37E-02 | 438E5-021.07E-02
0.125 2:66E-621.97E-02 | 4+-46E-028.88E-03
0.1 4.63E-021.58E-02 | #34E-637.10E-03

2.5-349
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Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application
Part 2, FSAR

Table 2.5.2-237
1E-5 and FIRS Amplitudes for FIRS Elevations, Horizontal and Vertical

FIRS2 FIRS3 FIRS4 FIRS4-CoV50
1E-5 1E-5 1E-5 1E-5 FIRS4-
Frequency | UHRS FIRS2 UHRS | FIRS3 | UHRS FIRS4 UHRS CoV50
334849 | 349382 | 373101 | +684.55 | 6:461.51 | 2466.80 | 6:461.48E- | 2466.66 | | RCOL2_02.0
100 E-02 E-02 E-6201 E-02 E-6201 E-02 0201 E-02 5.02-16 SO1
3.338.58 | 4-603.86 | 370103 | +-714.64 | 6:631.54 | 2406.93 | 6:631.51E- | 2.496.79
90 E-02 E-02 E-6201 E-02 E-9201 E-02 0201 E-02
3.368.00 | +-643.91 | 3-861.05 | 4744.75 | 6-631.57 | 2637.07 | 6:621.54E- | 2.626.93
80 E-02 E-02 E-6201 E-02 E-0201 E-02 0201 E-02
3-:368.75 | +643.94 | 8.901.07 | +-764.80 | 6-681.59 | 266716 | 6.671.56E- | 2:667.01
75 E-02 E-02 E-6201 E-02 E-6201 E-02 0201 E-02
3.388.81 | 4-623.06 | 3.951.08 | +-784.87 | 674161 | 268705 | 6721.68E- | 2.647.10
70 E-02 E-02 E-6201 E-02 E-6201 E-02 0201 E-02
340805 | 4-634.03 | 404111 | +-825.02 | 6:871.66 | 264745 | 6:841.62E- | 2.637.30
60 E-02 E-02 E-6201 E-02 E-6201 E-02 0201 E-02
344912 | 4-664.10 | 4.461.15 | 487652 | 6:021.71 | 2747.70 | 5:0816/E- | 2607.54
50 E-02 E-02 E-9201 0-02 E-9201 E-02 0201 E-02
348033 | 467420 | 434121 | 404542 | 6:221.78 | 2808.02 | 6341.74E- | 247184
40 E-02 E-02 E-9201 E-02 E-6201 E-02 6201 E-02
353062 | +-604.33 | 4691.27 | 2.035.73 | 649188 | 202845 | 6-43183F- | 2.888.25
30 E-02 E-02 E-0201 E-02 E-6201 E-02 0201 E-02
357980 | #6441 | 464132 | 209594 | 6-661.04 | 3.008.73 | 6-671.00F- | 2.868.53
25 E-02 E-02 E-0201 E-02 E-0201 E-02 0201 E-02
3741.03 | 4-684.63 | 532155 | 240606 | #332.14 | 330061 | Z352.13F- | 3.399.60
20 E-8201 E-02 E-6201 E-02 E-6201 E-02 0201 E-02
3.081.10 | +.704.04 | 6491.93 | 276867 | 820242 | 3.731.09 | 8402.49E- | 3.821.12
15 E-0201 E-02 E-9201 E-02 E-0201 | E-9201 0201 E-6201
433114 | 1-865.14 | 6:642.02 | 294910 | 8.062.62 | 4031.18 | 0-302.74E- | 4-381.23
125 E-9201 E-02 E-0201 E-02 E-9201 | E-0201 6201 E-6201
433120 | +065.40 | 6-:982.08 | 3.949.36 | 9-862.88 | 4-441.30 | 4-043.08FE- | 4-681.39
10 E-9201 E-02 E-0201 E-02 E-9201 | E-8201 01 E-9201
438121 | 94543 | 6-771.09 | 304807 | 4443.25 | 600146 | 4-323.30F- | 604148
9 E-6201 E-02 E-0201 E-02 E-01 E-9201 01 E-6201
444122 | 200547 | 6:621.89 | 2938.52 | 4+243.64 | 6691.64 | 4-203.52E- | 6-421.58
8 E-9201 E-02 E-6201 E-02 E-01 E-8201 01 E-6201
447122 | 269579 | 638184 | 287827 | +333.83 | 5:9061.73 | +-263.62E- | 664163
75 E-8201 E-02 E-6201 E-02 E-01 E-9201 01 E-9201
451123 | 208551 | 6-231.78 | 2.808.01 | +-364.03 | 6.201.81 | 4-203.73E- | 5:801.68
7 E-9201 E-02 E-0201 E-02 E-01 E-9201 01 E-9201
4501.24 | 2.065.56 | 5:881.65 | 266741 | +-524.43 | 6:831.00 | 3-373.04E- | 6.481.77
6 E-8201 E-02 E-9201 E-02 E-01 E-9201 01 E-9201
468125 | 2495.63 | 646149 | 2466.71 | 4-664.80 | 748216 | 4464.12E- | 6:631.85
5 E-8201 E-02 E-9201 E-02 E-01 E-6201 01 E-9201
5691.43 | 2486.44 | 6-331.06 | 2-867.45 | 3.484.10 | 664184 | +-403.83F- | 6321.72
4 E-9201 E-02 E-6201 E-02 E-01 E-0201 01 E-9201
647157 | 2.771.06 | 704177 | 346795 | +-243.23 | 667145 | +-303.40F- | 6:871.53
3 E-9201 E-02 E-6201 E-02 E-01 E-0201 01 E-6201
628150 | 2837.16 | ZH1.77 | 3-207.97 | +082.71 | 484122 | #-243.08E- | 6:461.39
2.5 E-0201 E-02 E-0201 E-02 .E-01 E-0201 01 E-0201

2.5-350 Revision+




Comanche Peak Nuclear Power Plant, Units 3 & 4

COL Application
Part 2, FSAR
6:491.55 | 2026.97 | #346.97 | 3-307.79 | 408258 | 4841.16 | +482.86E- | 6:341.29
2 E-0201 E-02 E-6201 E-02 E-01 E-0201 01 E-0201
6-601.52 | 2036.84 | 7-341.70 | 3-307.67 | +06247 | 4/M1.11F | +342.71E- | 6421.22
1.8 E-0201 E-02 E-0201 E-02 E-01 0201 01 E-0201
643140 | 2766.30 | 6:091.57 | 3447.06 | 966223 | 4-341.01 | 4042.41E- | 4661.08
1.5 E-0201 E-02 E-0201 E-02 E6201 | E-8201 01 E-0201
6671.25 | 254562 | 627140 | 2826.30 | 8641.96 | 3-848.81 | 9-432.08E- | 4H9.37
1.25 E-0201 E-02 E-6201 E-02 E-6201 E-02 6201 E-02
480105 | 246473 | 6461.18 | 2435.31 | #201.62 | 3:287.29 | #661.70E- | 3-447.64
1 E-0201 E-02 E-0201 E-02 E-6201 E-02 0201 E-02
4761.01 | 2444.56 | 6-:331.15 | 2405.16 | #441.57 | 3247.07 | #461.64F- | 3-367.36
0.9 E-0201 E-02 E-0201 E-02 E-6201 E-02 0201 E-02
4699.73 | 244438 | 6261.11 | 2364.99 | 6:071.52 | 3-446.82 | #261.57F- | 3-267.06
0.8 E-02 E-02 E-0201 E-02 E-6201 E-02 6201 E-02
4.639.30 | 2:084.19 | 6-461.07 | 2-324.81 | 679146 | 3:066.56 | #021.50E- | 3-466.73
0.7 E-02 E-02 E-6201 E-02 E-0201 E-02 6201 E-02
4.558.83 | 2053.97 | 6:061.02 | 2284.60 | 6:581.39 | 2966.27 | 6+#1.42F- | 3:066.37
0.6 E-02 E-02 E-6201 E-02 E-0201 E-02 0201 E-02
4:478.30 | 2043.74 | 4969.72 | 2234.37 | 6-361.32 | 2:865.94 | 6-481.33E- | 2:825.97
0.5 E-02 E-02 E-02 E-02 E-0201 E-02 6201 E-02
3:686.64 | 4-642.99 | 3.867.78 | +783.50 | 6:081.06 | 2204.75 | 6481.06E- | 2:334.78
0.4 E-02 E-02 E-02 E-02 E-0201 E-02 0201 E-02
268408 | +242.24 | 2075.83 | 434262 | 3-847.92 | +743.56 | 3807.96F- | 4-763.58
0.3 E-02 E-02 E-02 E-02 E-02 E-02 02 E-02
4793.32 | 806149 | 4983.80 | 8:941.75 | 2645.28 | 4-442.38 | 2695.31E- | +3472.39
0.2 E-02 E-0302 E-02 E-8302 E-02 E-02 02 E-02
134249 | 6.031.12 | 4492.92 | 668131 | +-943.96 | 854178 | +943.98E- | 8761.79
0.15 E-02 E-0302 E-02 E-0302 E-02 E-8302 02 E-0302
4422.08 | 603934 | 24243 | 55721.09 | 450330 | ##4149 | +623.32F- | #261.49
0.125 E-02 E-03 E-02 E-8302 E-02 E-0302 02 E-8302
715166 | 3-227.47 | 7-921.94 | 3:568.75 | +022.64 | 457119 | +-042.65E- | 4671.19
0.1 E-0302 E-03 E-0302 E-03 E-02 E-0302 02 E-8302
2.5-351 Revisien-1

RCOL2_02.0
5.02-16 SO1
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Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application

Part 2, FSAR
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Figure 2.5.2-226 Deaggregation of 10™ Rock Hazard for 1 and 2.5 Hz
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U. S. Nuclear Regulatory Commission
CP-200901687

TXNB-09084

12/14/2009

Attachment 1

Page 49 of 50

SUPPLEMENTAL RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

Comanche Peak, Units 3 and 4
Luminant Generation Company LLC

Docket Nos. 52-034 and 52-035

RAI NO.: 1889 (CP RAI #11)

SRP SECTION: 02.05.02 — VIBRATORY GROUND MOTION

QUESTIONS for Geosciences and Geotechnical Engineering Branch 1 (RGS1)
DATE OF RAI ISSUE: 7/1/2009

QUESTION NO.: 02.05.02-20
Please provide the following data in digital format
a. Smooth Rock UHRS values for annual exceedance frequencies of 10-4, 10-5, and 10-6

b. Geographic coordinates of all seismic source geometries used in the Comanche Peak PSHA
study

c. Median Ampilification Factors used in site response calculations for 10-4, 10-5, and 10-6 annual
exceedance frequencies in digital format.

d. The shear wave velocity profile used in site response calculations in digital format.

e. Mean total hazard curves for 0.5, 1, 2.5, 5, 10, 25, and 100 Hz as well as the hazard curves of
all individual seismic sources

f. Shear modulus and damping degradation curves shown in FSAR Figure 2.5.2-232
d. Soil UHRS curves electronically for 10-4, 10-5, and 10-6 annual exceedance frequencies

h. Updated earthquake catalog

ANSWER:

The revised digital files containing the requested material are being provided on CD (see attachments)
in their native format.

Impact on R-COLA

None.
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U. S. Nuclear Regulatory Commission
CP-200901687

TXNB-09084

12/14/2009
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Impact on S-COLA

None.
Impact on DCD
None.

Attachments (on CD)

a. Smooth Rock UHRS values for annual exceedance frequencies of 10-4, 10-5, and 10-6

File Name -ROCK_UHRS H

b. Geographic coordinates of all seismic source geometries used in the Comanche Peak PSHA
study

File Name -SOURCE_GEOM

c. Median Amplification Factors used in site response calculations for 10-4, 10-5, and 10-6 annual
exceedance frequencies in digital format.

File Name -SITE_AMPLIF

d. The shear wave velocity profile used in site response calculations in digital format.
File Name -VS_median_profile
File Name -FIRS1_randomization_velstat.out

e. Mean total hazard curves for 0.5, 1, 2.5, 5, 10, 25, and 100 Hz as well as the hazard curves of
all individual seismic sources

File Name -MEAN_HAZ_CURVES
f. Shear modulus and damping degradation curves shown in FSAR Figure 2.5.2-232
File Name -FSAR_figure_252-232
g. Soil UHRS curves electronically for 10-4, 10-5, and 10-6 annual exceedance frequencies
File Name -SOIL_UHRS
h. Updated earthquake catalog
File Name -CATALOG_UPDATE
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