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1.0 PURPOSE AND OVERVIEW

This document descrlbes the methodology and data used to develop the Dynamlc Profile for
Comanche Peak Nuclear Power Plant Units 3 & 4 (CPNPP 3 & 4). The dynamic profile is
prowded as input to.the ground motion studies for determining the. Ground Motion Response
Spectra (GMRS) and _Foundatlon Input Response Spectra (FIRS) and consnsts of shear- and
p‘fessure-weve.velocities.and associated dynemic properties for the defined profile.

The profile is defined as the interval extending from near surface to seismic basement
(defined by the depth at which a shear wave velocity of 9200 ft/sec ,and greater is reached)
and is divided into the shallow profi|e and the deep profile. The shallow profile extends from
near surface to about 550-ft depth'and is characterized from borings, geoph_y_sical logs
including suspension velocities, and laboratory test results. The deep profile extends from
about 550-ft depth to seismic basement and is characterized from regional geologic maps and
well data including core and geophysical logs. The resulting Dynamic Profile is composed of
representative velocities and material properties inoluding'index, strength, and damping

‘ percentages.

Appendix 2 describes a sensitivity analysis performed to test the non-linear behavior of the

site-specific profile including the input data and results.

20 DEVELOPMENT OF SHALLOW AND DEEP STRATIGRAPHY

The shall‘ow stratigraphy was developed from.geotechnical borings and geophysical logs. The
deep stratigraphy-was developed from information-in the pubhshed literature and data from
reglonal oil and gas wells.

.24 Shallow Stratigraphy
One hundred and forty-five geotechnical borings (excluding cluster, off-set, and monitoring
well borings) were drilled as part of the subsurface exploration activities for CPNPP 3 & 4
© (Figure 1). A detailed description of the data and methodology for deve!oping the shallow
' stratigraphy'is provided in calculation TXUT-001-FSAR-2.5-C_ALC-004, Engineering
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Stratigraphy..\(elocity data for the shallow profile was acquired frorn 15 of the geotechnical’
borings (Figure 1). The velocity profile was developed through a correlation of velocity _
measurements with the engineering stratigraphy. A detailed discussion of the analySis is -
provided in the calculatlon TXUT-001-FSAR-2.5-CALC-003, Shallow Velocrty Proflle .
Development Slope Method.

Comparison of the geophysical data logs and the geotechnical boring Iogs provided the basis
for developing the stratigraphic model at CPNPP 3 & 4. Suspension shear (Vs) and pressure'
(Vp) wave velocity, natural gamma radiation, and resistivity measurements provrded m '
GeoVision Report 6573-01 (GeoVision, 2007), were used to define stratlgraphrc umts
identified within the geotechnical boring logs. Ten major stratigraphic units were identified
within the-s'ubsurface at CPNPP 3 & 4 between the ground_surface and about 550 ft below. .

‘ ground surface (élevation 294.ft). As shown in.Figure 2, these 10 units are diVided among

* three geologlc formations, in order of depth: the Glen Rose formation, Twrn Mountams

formation, and the Mmeral Wells forrriation.

" The Glen Rosé formation is the uppermost formation enco‘unte‘red'and ou'tcrops'"at'the surface.

of the site and within surroundlng drainage. cuts and exposures The Glen Rose hmestone was'

‘ 'lelded into. engmeenng strat|graph|c units A through E (E1 to E3) Based on the bonngs

. drilled for CPNPP 3 &4, the Glen Rose formatlon has a thrckness of 169 o 228 ft Thts

variable thickness i is primarily due to topographic. drfferences between bonngs The upper

portron of the Glen Rose (unlts A and B) is composed -of alternatmg thm to massrve beds of ‘ -

hmestone and shale -with shale becomrng more prevalent towards the basal portton of the Co
sectron. The bottom,portlon (units C-through E) i is composed of a thick’ sectron_ of limestone . -
that alternates between packstone and wackestone and has several thin shale intje',rbe_ds.' such ,
as unit D (see Figure 2). ' S

A lithologic transition from limestone to sandstone marks the ooundary between the base of
the Glen Rose and the top of the Twin Mountains formation-'The sandstone at the top of unit
F which is composed of limestone, shale, and sandstone, marks the gradatnonal contact
between the two formations. The Twin Mountains formation is primarily. composed of
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interbedded sandstone and shale, ranges from 217 to 242 ft in thickness, and encompasses |
most of unit F and all of'unit’sG through I. Units G and | are composed of sandstone, and un:it '
His primarily shale with sandstone interbeds. Only one borehole (B-1012) was dnlled deep

~ enough (550 ft) to encounter the basal conglomerate of the Twrn Mountarns Umt l; and the

‘ Pennsylvaman Mlneral Wells formatron “The top of the Mineral Wells formatron was .
encountered atan elevatlon of 455 ft in depth (389 ftin elevatlon) The Mmeral Wetls - ,

’ § formatlon is noted-in thls bormg as a. massive shale with mterbeds of sandstone and rs o

consistent with regronal hthologlc descrlptlons . !

2.1.1 Correlation of the CPNPP 3 & 4 and CPSES 1 & 2 Stratigraphy :
Qualitatively, the stratlgraphrc units identified in the Comanche Peak Steam Electrlc System

~Units 1 & 2 (CPSES 1&2) FSAR are very similar to the stratigraphic units picked for the ,
current COLA invéstigation-for CPNPP 3 & 4. Figure 3 shows the relative location of CPSES 1
& 2to CPNPP 3 & '4._Constrdction'photographs from CPSES 1 & 2, shown on Figure 4, show =
distinct beds of limestone and shale within the vertical exposures. The exposures of the Glen .

* Rose formation documented in these photographs exhibit flat'-lying (no apparent dtp)? —

" limestone and shale beds of various thicknesses. Descriptions provided withinthe CPSES 18&
2 FSAR correspond wrth descnptrons of engineering layers A, B1andB2,and C from the

‘ CPNPP 3 & 4 site. - ; - ‘ e

- Velocity data proVided in the Darvies & Mdore Cross"Hdle Data Report' éénéra/rzed“‘«* S
_ Subsurface Profile and Selsmlc Wave Velocities, was also used to compare the site
.. Stratigraphy between CPSES 18& 2 and CPNPP 3 & 4. Figure 5 compares the engrneerlng
~ stratigraphy layers of CPSES 1 &2 and CPNPP 3 & 4, plotted at thelr respectlve elevatlons
The elevations of each englneenng layer in CPSES 1 & 2 were found to differ by an average '
of 10 ft, or horlzons in the profile from CPSES 1-& 2 have elevatlons about 10 ft below: the
- elevations of the same horizons beneath CPNPP 3 & 4. Regional dip of the area is rough!y 25
ft per mile to the southeast (Sellards et al., 1932). Given that CPNPP 3 & 4 are appr0ximatety
2000 ft NW (or updip) of CPSES 1 & 2, the difference is explained by and is consistent with
the regional dtp of the units..This"compari‘son was then used as a basis to COmpare the
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stratigraphy between the site locations as well as to compare velocrty profi Ies developed from
independent measurements and technlques

2.2  Deep Stratigraphy . _

A vanety of regional information was used to determme the deep stratrgraphy for CPNPP 3 &
4. Stratigraphic and velocuty data were acqmred from pubhshed llterature and regional oil and
gas wells. Figure 6 shows the location of wells used to determlne deep stratigraphic units '
(summarized in Table 1 and Table 2) and the two wells that provided velocity data Flgure 7
shows the interpreted stratigraphy and V; logs for two;» regronal wells used to.d,e_velop the deep
proﬁle; o

_The resultlng deep stratlgraphrc profrle (summanzed in Table 3) begins i |n the lower ;

: Pennsylvanlan Strawn group, which contains;the Mineral Wells formatron the deepest umt

- defined as part of the shallow profile in Sectlon_2.1~.-The rer_nalnder of the Strawn Series is

lithologically similar to the Mineral Wells and consists of shales and intebedded sandstones
and limestones. Included within the Strawn Series’ are the Garner and Millsap Lake
formatlons Below the Strawn is the Atoka Group which lncludes the Atoka Sand, the
Smithwick Shale, and the Big Saline. Conglomerate The top of the Atoka Group, the Atoka
sand, is shale interbedded with sands and hmestones The sandstone layers have an average
thickness of about 30 ft (Thompson 1982). To the north and west of the study area, the upper
portion of the Atoka Group includes the Caddo Reef a massive limestone. In Sommervell
County, however, located closer to the Ouachita thrust belt, deposition was more terrigenous
(Thompson, 1982). Beneath the Atoka sand, the Smithwick is primarily a black shale, with a
thickness that varies from 300 to 600 ft (Sellard_sv__et al, 1932). Below the Smithwick shale, the
Big Saline Conglomerate has a variable thickness and pinches outjustsoutheast of the site,
so that at CPNPP 3'& 4 it has a projected thickness of only about 40 ft. Underlying the Atoka

" Group is the Marble Falls Ilmestone The upper ‘portion’ of this uhit is a dark-colored

fossrhferous limestone (Sellards et a| 1932) The Iower portion of the Marble Falls i is
mterbedded dark limestone and gray-black shale sometlmes referred to as the Comyn
Formation (Montgomery et al,, 2005) and sometlmes cons:dered part of the Barnett Shale
(Rathje & Olsen, 2007) which is- stratsgraphrcalty below the Marbte Falls. The MlSSISSIppIan
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Barnett Shale (250 to 1000 ft thick, regionally) represerits a vgas source and reservoir in the
region. The Barnett Shale unconformably bverlies the tdp ef the Ellenburger Group throughout
most of the Fort Worth Basin, though in the northeastern portnon of the basin the Upper
Ordovician Viola and Simpson limestones mtervene (Montgomery et al., 2005).- The Cambrian
to Ordovician Ellenburger limestone and a thin underlying clastic sequence rests
unconforn;rably on metamorphic basemenit in‘the Fort Worth Basin and was deposited in a

passive continental margin setting (Montgqrn’ery etal, ; 2005}.

The methods for determining strattgraphtc elevatlons of umts are hsted in order of conf dence

' and are noted in Tabie 2.

A.  The top of the Strawn was measured in wells Iogged by WLA as the top of the :
Mineral Wells formation. o '
B. Using GEOMAP-stated elevatlons of hérizons in the'three nearest wells, the
attitude of each horizon was determlned and the elevatlon pro;ected to the site
location. - ,
| C. The CPNPP 3 & 4 site was pr,pjected onto the line of section of GEOMAPS cross
section through two nearby wells (Squaw Creek and 1-Davis).

D. H'Qrizon elevations determined from GEOMAPS structure contour maps.

For most stratigraphic units, more than one method was available for determining the
elevation of a given horizon, and the standard deviation (‘cﬂ,,p) of the resulting elevations was
used as an estimate of the error. Only a smgle elevation pick was determined for the top of the
Big Saline and the top of the Atoka, thus, the average standard deviation in feet for the other
stratigraphic units was applied as an estimate of the err(_)r for these units.

3.0 VELOCITY PROFILE DEVELOPMENT

nVeIocny data used to construct the Dynamic Profrle consrsts of susperision shear {(Vs).and

pressure wave (Vp) ve!ocntles acquired-from the 15: bonngs for the shallow profile; and

principally pressure wave and Ilmrted shear wave data for the deep prof ile. The shallow

e
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velocity profile was constructed from the 15 su‘spension borings drilled for the CPNPP 3 & 4
investigation to depths of 150 to 550 ft (GeoVision Report 6573-01, Comanche Peak COL
Geophysical Logging Rev 0). The deep velocity profile was constructed from velocity data
“acquired from wells located 2 to as much as 40 rnites from the site (Figure 6). Velocity data for

the regional deep profile was provided by the Texas Railroad Commission.

34 Shallow Velocity Prof'le |
Development of the srte velocity profile is detalted in TXUT 001-FSAR-2. 5-CALC 003, Shallow
'Veloaty Profile Development Slope Method. This catcutatron demonstrated the correlatron
between the englneerlng stratigraphy developed for the srte and the shear-wave and
pressure-wave veIocnty field stratifi catron Changes in the' wave travel time gradients were -
demonstrated to correspond wrth englneenng Iayer boundarles defined’ by major changes in’
lithology (pnmanly limestone, shale, and sandstones) The-vertical correspondence of velocity
to lithology is also correlated from borehole to borehote throughout the site, demonstrating the

continuity of layers across the area.

Layer velocities for every layer, in each boring, were .oat,culated using the inverse of the slope.
of-a line fit'through the simulated doWn-_'hole travel times through each individual layer. The
geometrical means of the representative Iayer.'velooity‘, measurements were calculated to
develop the shallow velocity profile. (Figure 8). Repres‘entativ‘e layer velocity variations for the
shallow velocity profile are provided by transformed As__tandard deviations of the log deviants of
each layer. ' '

3.1.1 Comparison of Velocity Methods for the Shallow Profile

The velocities acquired from the 15 suspension log velocities were compared to velocities
acquired by other methods at four of the bonngs as wetl as velocities dcquired from cross-
hole methods at CPSES 1 & 2. Shear wave velocrtres were obtained by inversion of surface
wave dlspersmn curves (SASW) atB- 1000, B- 1001 B- 1012 and B-2000 Down- -hole

velocmes were also obtained to a depth of about 140 ftin B-1 000 and B- 2000 This data set of ’
SASW and down-hole provrded an tndependent vetocaty companson for about the upper 100 ft.

of the profile of the companion suspension bonngs. Cross-hole velocmes obtained for CPSES

i g gt
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: 1 &, 2 provrded a comparlson of mdependently acqunred velocmes for most of the shallow R
Tprome (about 525 ft depth) RN ’

R Analysrs of the. suspensaon log data showed that engmeenng layer C exhlbrted very low

L ’fvanablllty from hole to hole m terms of its representatlve layer velocmes The layer C. lnterface X;,f".' RO A

was consrstently detected by all techmques and’ provudes a standard to. compare the velocrty

] results from each method The results from all velocny measurement methods are shown on. - SR

Flgure 10 This frgure shows suspensron Iog data for all 15 bonngs the average proftle

' velocmes developed from the suspensmn Iogs the geometrlc mean of the SASW shear wave P

. ‘ '_:fresults along wnth the geometnc mean of the downhole Vs a d Vp velocues for Iayer C and
', cross “hole data from CPSES T & 2 R AR : "

AT

;The representatlve profrle velocmes for Iayer C were 5685 ft/sec for the shear-wave and

_ ‘11324 ft Iséc for the. pressure-wave velocmes These velocmes demonstrate Iof: ‘varrablllty AR
B ;,}‘f’-j (5596-5803 Vy-and 10952-1 1709 vp at the two srgma range for the Iog dewates) between - ; R

o ‘bormgs For comparrson the shear wave velocrtles for laye C from‘ the four SASW mverstons

f“franged from 5000—5250 ft /sec whlch represents an approx:mately 10 percent lower result buti.f' KR

: ;-‘Wthh more closely approxrmates the cross-hole- shear wa‘ e elocmes for this layer The '

v ."down hole data suffered from a Iow srgnal-to noise’ ratlo |n the shallow portlon of sectlon f_ Sl ;

: ‘ 'However the down hole shear wave. velomty for layer C m B 1000 was 5456 ft/sec whlch ,
_closely matches the- mtegrated proflle velocrty for this. layer obtamed from the suspensron log

',data In contrast the down hole shear wave veIoc;ty obtalned from B—2000 4415 ft /sec is * o o
: ‘stgnrfrcantly lower than the other techmques and is: probably in error because of the poor data w

: ~quallty Companson of the' cross -hole and suspensron log data throughout the rest of the
o ‘,sectlon mdlcates that they are m general agreement but show local varratlons on the order as j .

: ythose dlscussed above The largestdlscrepancy appears to be layer E2 Wthh shows lower ff: r Y

‘ shear- and pressure-wave results. Slmllar vanatlons on the order of about 10% are seen m

L ,’the pressure-wave mter—method comparrson

E The shallow prof Ie velocmes compare well wath both the SASW and down—hole velocmes .
o :acqurred wnthm compamon suspens:on log bonngs as well as thh the velocmes acquared from " '
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the cross-hole survey compt‘eted for CPSES 1 & 2. The correlation of velocity gradient with the
engineering, stratigraphy and the lateral continuity of the engineering units suggests that the

o suspension log data provides reproducible measurements for the shallow profile. Thus,

» velocities acquired from the 15 suspension log borings have been used to défine the shallow
- velocity profile (Figure 8) as provided in Table 4. '

3. 2 Development of Regional Deep Velocity Profile

Velocity data for the deep profile was obtained from the Bureau of Economic Geology, the
University of Texas-Austin, and the Texas Railroad Commission. Veloc:ty data used to
develop the deep velacity profile (Figure 10) came from the two riearest wells with available
data (Figure 6)—the Quicksilver 1-Officers Club well (located 7 miles to the ENE in Hood
County) and the Sun 1-Hallmark well (located about.40 miles to.the west in Erath CoUnty).

" The Officers Club well provided V, and V; data from an elevation of -4900 to -8900 ft including

the Smithwick Shale; the Big Saline Conglomerate, the Marble Falis Limestone, the Barnett
Shale-and the Ellenburger Limestone. The Sun Hallmark-1 weil provided V, data from an
‘elevation of 1100 ft to -2500 ft including the Strawn Series, the Atoka Sand, the Smithwick
Shale, the Big Saline Conglomerates, the Marble Falls and the Barnett Shale. In addition,
boring B-1012 from the geotechnical study at the site penetrated the Mineral Wells formation
of the Strawn Series and provided V, and V, data which was applied to the entire Strawn  ~
Series, given that lithology is homogenous throughout (see stratigraphio discu_s_sion in Section
2.2).

‘Harmonic mean velocities Wére calculated for-each stratigraphic unit using the relationV =%
di/% (di'vi); where d is the distance between two measured velocity, v, data points. Harmonic
mean V, and V,; values (Table 3) for the Strawn came from the Mineral Wells formation data
from boring B-1012, the V; and V,, values for the Smithwick Shale, the Big Saline
Conglomerate the Marble Fall$ Limestone, the Barnett Shale and the Ellenburger Limestone
were calculated from the Qu1cksnlver 1-Officers Club well data, and the V, value for the Atoka
Sand was calculated from the Sun 1-Hallmark well data. The Atoka Sand is the only unit
which did not have V; data, and so a V; value was estimated using a |i'near regression of the

-V, and V; data from the other units in Officers Club‘ well (Appendix 1). In cases where there

i ey
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was more than one velocity log available for a given unit, the resultirté harrhonic yeloctﬁes .
differed by generally less than 10%. For example, the Mineral Wells formation (part of the
Strawn Series) logged at boring B-1012 has a harmonic velocity of 10485 ft/sec and the -
Strawn Series logged in the Sun Hallmark well has a harmonic velocity of 11188 f_tls,ecﬁ,‘v a. |

difference of about 6%.

For the velocity data error analysns standard deviations from the harmomc meanof

V, and Vg within each stratigraphic unit were determined. The V, standard: dewatlon for the
Atoka unit (which did not have Vs measurements) was calculated by applymg the same ‘
proportion from the Ve standard deviation to the harmonic mean V, value (e g oVs (0
Vi / V). ‘ ‘

3.2.1 Depth of Seismic Basement _ , ' i

" At an elevation of about -3973 ft, the Marble Falls limestone records a Vs of about 10520 ; h
ft/sec.. Though this _unit is sufficiently fast to be considered seismic basement.('\r/._s,f>?9:2:06v .

" ftisec, shown witha grey bar in Figure 9), it is u‘nde‘riain by the seiémically s'low' Barn’ett éha|e

' The top of the underlymg Ellenburger hmestone is mapped.at.an elevatton of about -4443 + 73'1

ft, which has a V; of about’ 10906 ft/sec and is the best estimate for the top of selsmtc _f

- basement beneath CPNPP This unitis suffICIentIy thick: reglonally, and the nearby Offlcers ' o
Club well |nd|cates greater than 3000 ft of material with: shear wave velocmes greater than N '. .
_ 9200 ft/sec. Thus basement is defined-as the top of the Ellenburger formatlon for CPNPP 3 &

4.

© 4.0 DYNAMIC PROFILE DEVELOPMENT

“The shallow and deep stratigraphy were combined to develop a Iayered model representatlve

~ of the CPNPP site extending to seismic basement. Both aleatory and eplstemtc ’unce_r,tamtles
~ were evaluated and formed the basis for assigning vafiability on both sttatigraph'ie control f-a's'
well as the dynamic properties developed for each layer. '

,"‘

i o 5 A e e AR A A,
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4.1 Profile Construction ‘ A
The shallow and deep profiles, as described above, were combined by ooupltng th_e»Strawn |
Group using the Mineral Wells formation, which is the deepest stratigraphic unit logged at '
CPNPP 3 & 4, and the shallowest unit characterized for the deep profile. Table 4 provides a
summary of the Dynamic Profile including stratigraphic top elevations and: assooiated

* velocities, as discussed in Sections 2.0 and 3.0, and material properties, as desortbed in the _
following sections. Dynamic profiles for developing the Ground Motion Response Spectra |
(GMRS) and Foundation Input Response Spectra (FIRS) are descnbed in TXUT 001 PR 011,
Foundation Interface Report ‘

4.2 . Stratigraphic Variance and Uncertamty
Site stratigraphy including the shallow and deep layerlng shear and compressuan wave .

- velocities, and dynamic properties are provided in Table 4. The uncertamttes assocnated with .
the stratigraphy and velocities for the shallow proflle are much less' than those for the deep (
proflle Therefore the range about the mean for the velocmes reported in Table 3 has been
treated differently. ‘ '

>The shallow profile has been extensively characterized from over 150 ge‘ote'c:hnioa’i boring’s -
‘and geologic mapplng of the area. The profile has been stratified based on vertlcal changes |n ‘1_1'_.

lithology that can be mapped Iaterally from bormg to bormg Standard dewatlons for the top off S S

each shallow proflle Iayer are less than 2 ft for the upper 200 ft of:the proflte The standard
dewatlon for the Iayers defining the shallow proflle from about 200 ftto.about 500 ft range
from about 1to 5 ft. Velocuty data for the 'shallow profile acquired from 15 suspenSIon bormgs /
demonstrated a strong correlation between the layering and where srmulated ‘down- hole travel "
time gradlent ‘breaks” occurred. The velocity measurements from the. suspensron Iog were i

- also compar_ed with down-hole, SASW and cross-hole measure_ments and were determmed to
provide the most repe,at‘able_ measurements. This comparison between various. metho_ds'Was -_

_.also used to develop the assigned variability as provided in Table 4. Details for deve!opme.nt' ‘

“of the layering and corresponding velocities are provided in TXUT-001-FSAR-2. 5-CALC-003,
Shallow Velocity Profile Development Slope Method, and TXUT-001- FSAR-2 5-CALC-004,
Engineering Stratigraphy.
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The deep profile was developed from regional wells and results in a higﬁer_,dhcert_ainity m both
the layering (stratigraphy) and velocity measurements as described above.jShear wave
velocity measurements were available from a single‘.well located about 6 miles frorﬁ the site
and was limited to about 4000 ft of data (from about 5000 ft depth to about 9000 ft depth).

- This data was used to develop a linear extrapolation to estimate shear wave velocity frem
available pressure wave velocities from other wells to.complete the deep pf_oﬁle. Thus.the :
epistemic uncertainty for the deep profile is much greater than the .shchw profile.

The deep profile lacks a statistical basis for estimating a robust.standard deviation for alllayer” .

velocities. The Coefficient of Variation (COV=standard deviation/mean) calculated as 31
percent for the Atoka formation demonstrated the highest COV for all deep profile layers. This

is:due, in part, to the bimodal distribution of rock types and correspondlng velocmes W|thm this

- interbedded sand and shale unit. Nonetheless, the variability was conservatlvely estlmated at o

31 percent for all deep profile layers. The velocity range for the shallow prof||e was defmed as - B

25 pefcent of the mean velocity of each layer. This range envelopes the suspensmn log R1-
R2 velocmes as well as the cross-hole, down-hole and SASW' velocmes provndmg a Lo
conservahve means to capture both eplstemlc and aleatory uncertamty

X . L
4.3 Calculatlon of Poisson’s Ratlo S

ft_Ponsson s ratio (u) for each stratigraphic Iayer was calculated from the representatlve shear -

" (Ve) and pressure (V ) wave velocity: ’ o
V;/ Y k |
_ 05( Vs). ..Al -
VV P 1
/Vs , .
For the shallow profile, the Poisson’s ratio was derived from the representative v_élo(:itie‘s
calculated for each respective engineering layer (see TXUt-001-FSAR-2.5- CALC-OOB)'

' ~ Poisson’s ratio for the deep profile utilized representative velocmes for.each of the reglonal
- stratigraphic units as described above in Section 3.2. The calculated Pdisson’s ratlo values for

S R S ban ] et
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each layer were compared to the general rock Ilthology as descnbed above and are
considered to be reasonable estimates. ‘

44 Measurement of Unit Weights , Lo .

Mean total (wet) unlt welght values for each engineering Iayer for the shallow profi Ie ‘(Layer A
to Strawn (MW)) was determined from Iaboratory testing. The number of tests by layer and the
range of values i is provrded in Table 5.

No samples were:available for the deep-portions of the. profile, thus unit weight values were
estimated based on pnncnpal lithology of each umt and reasonable values were estimated
based on engmeermg judgment. A value of 150 Ibs/ft3 was determmed as a reasonable:
estimate to represent the. deep profile. L

45 Determmatlon of Dynamrc Propertles : ‘
Ali critical structures are to be founded durectly on the Ilmestone (Layer C) or fill concrete. The
shallow vetocrty proftle, as described in Section 3.1, demonstrates that,the site is underlain by
soft to firm rock with velocities ranging from greater thah 6000 ft/sec for limestone to 3000
ft/sec and-greater for'sandstones and shale within the depth intérv'at of about 550 ft below the
site. Below 550-ft bdepth-, the shear wave velocity profile, estimated from compression wave
velocities obtained from regional wells, is greater than about 7500.ft_/sec. The stiffness of
these units is expected to beha\./e linearly for low- to high-strain levels. However, to evaluate
the site response respective to non-linear properties, the Ground‘ Motion Response Spectra

_ (GMRS) was tested using both linear and non-linear properties assigned for each of the layers
described below. Results of this anaIyS|s will provide the basrs for performlng the remarmng
site response ’ '
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451 Shear Modulus (G) and Damplnq

g Low—stram shear modulus (G) for the shallow proﬁle was calculated from shear wave

veloc;itles acquired from the 15 suspension logs (Shallow Velocity Profile Development, ‘TXUT-
0O1¥FSAR;2.5-CALC-OO3), applying unit weight values as described in Section 4.3. The deep
profile (below 400 ft) was calculated from the estimated shear'wave velocities and a unit
‘weight of 150 Ibs/ft? for all deep layers. Material damping was estimated for each layer of the
profile based.‘on the principal iithblogy, To test the profile for sensitivity to non-linear behavior,
aset of degredation'curves'based on lithology and depth were developed in consuitation with
Dr. Ken Stokoe. A sensitivity run using these non-linear prOpérties is presented in Appendix '
2. For the shal|oi/v profile, Iimestonés, shales and sandstones were assigned damping ratios of
1.8, 3.2, and 2.5 respectively. For the deep profile, Iimestonas, shales and sandstones were
aésigned damping rations of 0.8, 1.0, and 1.0 respectively. See Table 4 for lower-and upper

bound values estimated for shear modulus (G) and Gn.x ‘and estimated damping percentages.

‘The fill concrete shear modulus has been calculated from an assumed mean shear wave
velocity (see Appendix 1) and unit weight. The damping percentage of 1.0% is based on
- judgment and is reasonable for concrete.

- The compacted fill has been stratified into three layers characterized by assumed differences
in'shear-wave velocity, as shown in Table 4. Shear modulus has been calculated from an
assumed mean shear-wave velocity for each of the three layers and the assumed unlt weight.

"Low-strain damping percentages were assngned as 1.5 for the upper two layers with the
lowermost layer assigned 1.0. Degradation curves for the compacted fill are provided for

shear modulus-and damping with each appropriate curve listed in Table 4.
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Appendix 1. Calculation of V for Atoka Unit
Appendix 2 Non-linear Sensitivity Study -
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Table 1 Stratsgraphlc p|cks used m es’umatmg deep stratlgraphy beneath Comanche Peak Facmty

N L N Mld' :
] Operator : Taylor S Dallas ‘ _Continent "+ -

Kadane . qucks:lver - Daws . Dorchester o 'Sun-h,
2B, 0 des o o Squaw . gl Ofrcers SRR
. Cravens " - Hubbard . Creek -~ . nohe " Club® Cousms v
Distancefrom ) LA Gl e .
site.(miles) - . ,}z;“* S BT LAk s 6.1

“iStrawn 0 o Lo e

- Atdka. R 1541 -
Sm|thW|ck S P S T O ;
_Big Safine - 7 -3743 . 0 :8896 0 U 0 UL 428000 e T e T
.Marble 13831« . 74006 .. ' :3856. - 4185717 oo 44050 - 11w39797. 7 «-3583 L
“Barriett -+ L4481 4304 - - A-_45‘,8,5 s ,‘-4605"‘, ' B
Ellenburger LT "»_-4691« i 4 v e L :

Lease

" 13368

# Well wnth velocnty data

- 1-Davis' " - 1:Halimarkt

Da’vis

1 Cousms’r

EPY

80

Mid-

Contment L

1. Squaw: .
;Crée!}“r )

- 500"
“-. 1560
> .-3630
73860,

3970 .7

4320
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Table 2 Calculated stratigraphic picks for CPNPP 3 & 4 and standard deviation.

Method

- A B Cc - D fo]
Strawn - : . 388. ' 336 26
Atoka = - ] o ‘ -1814 ‘ . -980 - 417
“Smithwick ™~ =~ - - N A -3809 _ . =3742. - 34
Big Saline . . L ' o o -3932. ' R o
Marble. " S -3973: -3998 : -4060 37
Barnett - ' ' 4196 - ‘ -4384. - - -4550 145
Ellenburger - -4443 -4588 - 73

A. Drilled with WLA wells.

B. Projection of GEOMAPS-stated stratigraphic picks in three nearest wells.
- C. Projection of stratigraphic picks measured off GEOMAPS cross section.

'D.-Read off GEOMAPS structure contour.maps. .
o .Standard dewatlon (o) calculated for each horizon using: multlple pICkS from dlfferent methods
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Table 3. Best estlmate of deep stratxgraphy and velocities

~ Elevation .V, Poissons

Unit thhology (ft) ~ Owp  Thickness(ft) V,(ftisec) Oy, (ft/sec) Oys Ratio

R Shales with few sandsand ., . - L iapen R o P

Strawn | limestones be ds | 388.1 26 . 2202 | 1.062? 1042 | 5546 - 784 _ ‘0.32 »

.+ 7 | Sands and shales: . TR ot g 4 e : o e ‘ i mme
Atoka - [ et dded 1814 - 63" . 1995 | 13921 4278 7642 2375 0.28
Smithwick | Shale . T <3809 . 33 123 - .. 10894 - 1108.. 5557 - 533 0.32
Big Saline ‘Conglomerate . -3932 . 637 41 -+ 18004 1973 10247 813 0.26

Marble Falls | Limestone : - -3973 37 223 19740 999 10520 481 0.30 °
Barnett , Shale - -4196 145 247 12858 1697 7783 997 0.21.
Ellenburger 20382 997 10906 896 0.30:

- Notes = -

Limestone _ 4443 73 >3000

TReported standard deviation in-elevation (0y) is average. of other units’ standard. devnatlons
Strawn unit V;, & V; values are.from: Mmeral Wells formation Iogged at CPNPP Units 3, & 4 Bonng 1012. Compare Vy value to Sun Hallmark Well
harmonic mean of 11188. )

““Atoka unit V; values are calculated from regressnon of other units’ Vp ‘and Vs data. :
‘Smithwick unit V; value reported from. Officers Club well. Compare value to V, harmonic mean from Sun Hallmark well of 1 1849
Standard deviation (0) in V, estimated. from the standard deviation:in V.

* Standard deviation (o) in V, estimated from the standard deviation in V
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Table 4. Dynamic properties of subsurface rock materials. Sheet 1 of 4: Lithology and stratigréphy

. Mean Elv
Unit , Lithology from Y’ ?nMesa:'fEtl)v ToP 0, Top (f) Thickness (f)
Fill Concrete To be placed as needed from top of layer C N/A . NIA N/A -

- 0.0 822.0. N/A 3.0

Compacted Fill Fill for excavation .30, . - .819.0. N/A 17.0

' 200" 802.0 " N/A 20.0

- Fill/Residuum Fill/Residuum/weathered limestone - 847.0 - N/A L=

) A Limestone.(will be removed) - §34.0 12.1 36.0

B1 Shale (will-be removed) --240 798.0: 1.8 8.0.

"o ‘B2 Shale with limestone. (will be removed) 32.0 790.0 1.8 8.0/
) f"é' C Limestone (foundation layer) 40.0 " 782.0 1.8 65.0

e D Shale: 105.0 717.0 1:5 3.0
B o B _Limestone 108.0. 7140 | 18 1240
- V:E‘2f Limestone 132:0. 690,00 - 1.0 :34.0.
5 B3 Limestone _166.0 6560 1.0 34.0
. F Limestoné with interbedded shales and sand | .200.0° |~ 6220 . |~ 22 129.0
G Sandstone | 2200 © | 5030 |- 40 80.0
H Shale. 300.0 513.0 5.2 62.0

Sy Sandstone . 371.0 451.0° " 33 63.0
Strawn.(MW) Shales with.sandstong and limestone beds 4340 388.1 26.0. 2202.0
-  Atoka'” Sands and shales interbedded 26360 ~1814:0 417.0 1995.0
% Smithwick Shale 46310 38090 © |. 340 123.0
e Big Saline™ Conglomerate and sandstones 47540 239320 122.0 410
% ) Marble Falls Limestone. 47950 - -3973.0 37.0 2230
& Bamett Shale 50180 - 419610 145.0 247.0
a- Ellenburger Limestone 5265.0 44430 | 730 >3000
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‘Table 4. Dynamic properties of subsurface rock materials. Sheet 2 of 4: shear- (V) and pressure-wave (V,) velocity and Poisson's ratio (cont.).

Depth +Variability* Variability* . .|+ +Variability* Variability*
from i .
YG* Mean Vs . _| Mean Vp _ ) P‘giiz? *
() (ft/sec) (ft/sec) Asec) | (fse) | (ftisec) (ft/sec) '
Fill Concrete N/A 6800.0 - 7300.0 ‘ 6300.0 - - - 0.20
00 . 650.0 975.0 325.0 1 - - ' - 0.35
Compacted Fill 3.0 | 8000 ~1200.0 400:0° s - . - 0.35
20.0 1000.0 150020 . 500.0° - . - 0.35
Fill/Residuum - - - . - . . - o - - -
S A - | 35480 | 44350 |- 26610 | 87880 | 109850 6591.0 | 040
B1 24.0 2609.0 3261.3 19568 | 67360 | 84200 5052.0 ‘ 0:41
) B2 32.0 2716.0 33950 2037.0 | 76400 |- 95500 | 5730.0 0.43
% c 40.0 5685.0 71063 . |. 42638 113240 | 141550 8493.0 1 0.33
s D 1050 | 301000 | 37738 22643 | 83120 | 1039000 | 62340 0.42
"; . _Et | 1080 _4943.0 6178.8 37073~ - | 40'435;'.'0% 131075 7864.5 036
g E2. .| 1320 6880.0 | 86000 | . 51606 | 131620 7. 164550 . 98730 0.31
&1 ey | 1660 40420 | 50525 30315 | 92850 7| : 115688 | 69413 0.38
ol VP | 2000 | 30610 | 38263 | 22058 - | 7827.0-°| . 9908.8  5045.3 0.41°
el 6 - | 2200 | 32900 | . 41125 24675 | 75030 | 9491:3° | . - 56948 0.38
- _H | _3090.0 3429.0 42863 . 25718 | 81880 .| 102350 61410 0.39
L T 371.0 3092.0 38650 23190 | 76860 | 96075 5764.5 040
| Cstawi(Mw) | 4340 5646.0 6932.5_ 4159.5 . | 106270 | . 132838 79703 1 0.32
" Atoka' | 2636.0 76420 1 100110 52730, | 13921.0° 182365 .9605.5 0.28
“Z| . smithwick | 46310 | 5557.0 7279.7 3834:3 | 108940 |° 142711 7516.9 0.32
a Big Saline™ 47540 | 102470 13423.6 70704 | 180040 | 335852 124228 0.26
#| MarbleFalls | 47950 | 105200 | 437812 72588 | 197400 |  osgsg4- | 136206 0.30
f?;' Barnett 5018.0 7783.0 -10195.7 . 53703 128580 | 16844.0 8872.0 0.21
1 Ellenburger 5265.0 10906.0 142869 7525.1 | 203820 26700.4 14063.6 0.30
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Table 4. D namlc propertles of subsurface rock matenals Sheet 3 of 4; Addmonai dynamlc propertles
‘ : Unit Weight’ .>.Shear | MinimumC, for. - Gmu variation _
Modulus Shear Modu!us Lo LB UB
: Mean(ksn) )

- Damping. .

i
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S BT O '_‘~1'.5 o cuve "™ -'“-’o.s .
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" Table 4.'Dynam'iq=p'rape'riies of subsUrface rock r_hva'ter'i‘als. Sheet 4 of 4: Notes.to sheets 1-3.

Notes
1.0 Shallow Site Prof le derived from site specific data-(Ref TXUT-001-FSAR-2.5-CALC-003. andTXUT—001 FSAR-2.5 CALC—004)
2.0 Deep Velocity. Profile derived from regional wells as described'in the preceeding text

3.0 Depth calculated from the difference between Yard Grade (822 ft MSL (Mean Sea Leval)) and the average elevatron

4.0 The selected Variability for Velocity is +/- 25% for, shallow profile; +/- 50for the compacted filly ; +/- 31% for deep profile; and +I-500 fps for fill concrete

5.0 Yard Grade is the.elevation to which the site will be cut = 822 ft MSL

6.0 Foundation Unit is the top of Layer C on which all cnncal structures will be founded (either dlrecﬂy or backﬁlled wnth concrete)

. 7.0 Max-and Min elevation tops not available for deep site.profile; which ylelded only one estimate for the.top each horizon o
o 8.0 Poisson's Ratio for-Shallow Site Profile calculated from Vs and Vp suspension measurements:(Ref TXUT-001-FSAR-2. 5-CALC-003 and TXUT-001-FSAR-2 5-CALC-004)
: Deep. Site Profile values estimated from deep regional'well Vp data as described inthe precéeding text

9.0 Unit weight values for Layers A through G estlmated based'on results of the laboratory tests. Values for Layers H, |, and Strawn (MW) estlmated from FSAR Table 2 5 4-5(3
and based-on Ilthology . L : .

10.0. Gmax calculated based on suspension Vs or estimated Vs for Deep Site -Profile Matenals . ' ‘ ’ ‘ ) :

11.0-  Low:Strain Dampmg Ratio in. Shear estimated from lithology for Shaliow. Site Profile through: drscuss:on with Dr Ken Stokoe (Flgure A2-2) Deep Site Profile values basad on:- ]
comparison of Vs and lithology of shaliow'site layers } i

12.0 Standard déviation in elevation of the top of Big-Saline and top Atoka estimated from average standard deviation for other layer.elevations

13.0 Damping.Ratio in-unconstrained compression, D..should be taken as 0.5D, with-a maximum value of 5%.

14.0 Recommended minimum C, (shear-modulus variation factor) values are based.on.+/- 25% variation in V, or Min-values recommended by DCD (0.5 if test data Is available or
1.0 if test'data is not available), whichever is higher: .

15.0°  Curves are.assigned from Figure A2-2 in Appendix 2 of this report and were used for the hon-linear sensitivity study

16.0 EPRI Curves shown on Figure A2-4b were used for non-tinearrresponse of the compacted fill layers

Subnotes (changes based on meeting with WG! and-MH) 1- 7-08 in Pnnceton)

Increase.COV for compacted backfill to'50%

Evaluate increase of compacted backfill Vs as appropriate - :

Lower dampmg %.in deep profile to 1.0 for all units except limestone to be kept at 0: 8 e TR
Lower damping: % to-no -greater than-2.0 (this is. to: mcrease the. spectrain the hngh freq range to Iessen the dip .of the: spectra)' L
COV for the shallow profile Vs increased to 25% R ) . Sl
Yard grade changed from 830 t0-822 o : R Soe . R

nmooOo>
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Table 5. Unit weight values.
Unit Weights
Wet Unit Weight (pcf)
Avg Min Max
141.6 128.8 161
155.3 129.8 164.5
136.7 136.7 136.7
132.7 124.4 140
; U_l]_f_g Al 151.1 130.2 162.4
Unit B 143.3 128.8 162.9
‘it . . C 155.1 129.8 164.5
Unit D 143.4 133.1 157.8
Unf_!__ E 152.1 135 161.2
Unit F 129.6 124.4 1325
Syt 5 135.8 131 140
Unit H 0 142 142
Unit . 0 0 0
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Explanation

‘Mmm

T CPNPP Units 3 8. 4

Sourcas: WGI Layout
70607 FINAL sile plun A, dwy”

Projection: NADSJ SP TX North Central (it)

0 100 200 300

=

0 50 100 m

W.L\. FX U COMANGCHE PEAK

¥ Boring Location Plan Units 3 & 4 Figure 1
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Shallow Stratigraphic Profile

Elevation (ft) Depth (ft)  Geologic Formation Engineering Unit

aor  Soil 70

A - Limestone with a thicker shale bed
at the top and thinner shale beds at the
base

B1- Bed of shale with thin interbed of
limestone

B2 - Bed of limestone at top dominated
with shale at base

C - Massive limestone

Glen Rose Formation (Kgr)

D - Two beds of shale with interbed of
limestone

E - Massive limestone with subunits E1, E2, and
E3 distinguished by changes in resistivity

F - Gradational zone: sandstone, shale,
and limestone beds

G - Massive sandstone with interbeds
of shale

H - Shale with thin bed of limestone
at top and a bed of sandstone at base

Twin Mountains Formation (Ktw)

| - Massive sandstone with basal conglomerate

Mineral Wells Formation (IPmw) MW - Mineral Wells Formation - Shale
= 500

Limestone

Shale

Sandstone

~ = Elevation (830 ft) and Depth (20 ft) of Yard Grade

A Engineering Unit Symbol
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0 200 400 600 ft

-y

0 100 200 mj

TXU Comanche Peak

Sources: Building Footprint from WGI DWG file 7/6/07 Velocity Data for Units 3 & 4
Aerial pholograph - USGS DOQQ faise color composile. 1994 - 1997 with Cross-hole Locations from Units 1 & 2

Projection: NADS3 Texas Norih Central State Plane Feel WLA &5 vmssurmsasoms e | Figure 3
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NUMBER 87 TEXAS UTILITIES SERVICES, INC.
AUGUST 8, 1975 COMANCHE PEAK STEAM ELECTRIC STATION
1980-82 2300 MW INSTALLATION

TURBINE GENERATOR AREA. BOTTOM—-PUMPING CONCRETE
INTO UNIT 1 CIRCULATING WATER DISCHARGE TUNNEL; TOP—
SCALING SOUTH EXCAVATION WALL. VIEW TO SOUTHWEST

NUMBER 101 TEXAS UTILITIES SERVICES, INC.
SEPTEMBER 22, 1975 COMANCHE PEAK STEAM ELECTRIC STATION
1980-82 2300 MW INSTALLATION

UNIT 1 TURBINE DISCHARGE WATERBOX
OVERHANG EXCAVATION, VIEW TO SOUTH

Figure 4 CP Units 1 & 2 excavation photos with interpreted Units 3 & 4 Engineering Stratigraphy (see Fig. 2)
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Non-linear Sensitivity Analysis
Overview

Site-specific and regional data indicate that the CPNPP site is underlain by a sequence of
limestones, shales and sandstones with shear wave (Vs) velocities greater than about 5800
feet/séc. ‘Because these velocities are about half of what would be measured for crystalline rock
yet more than double than a typical soil site, the profile was tested for sensmwty to non linear
behavior.

Usmg shear wave velocuty, rock hthology (I|mestone shale and sandstone) and depth as
discriminaters, shear'modulus (G/Gmax) and: damping ratio (D) versus shear strain. relationships
were developed through consultation with Dr: Ken Stokoe, Professor Unlversny of Téxas. These
properties as summarized in Table 4 above and shown on Figures A2-1 and A2-2 were then used
to.generate atest case to compare the strains to.a proflle where the propernes were assumed to
behave linearly.

Estimation»ef Strain Dependent Properties

The profile was d|V|ded into lithologies wnthm the upper 400 feet and those deeper than 400 feetto

account for increasing confining stress and unit weight. The following relatlonshlps were -
determined wnth correspondlng minimum damplng ratio (Dmin) deflned

Figure Shear

A2-1 and o - ' ) S':aln G/Gmlx o
A2-2 ) %o "
Curve __.. ... Material and Properties .~ : ) 1 _

‘ 0.0001 | 1.000 | 0.800
. 0.0010 | 1.000 | 0.800 .
I Deep Limestone (Depth> 400 f) 0.0030 | 0.990 | 0.900.

... | 00100 | 0980 | 1.100 ] -
-] 0.0300 | 0.940 | 1.600 .

i

1 0.0001 | 1.000 | 1.800_
0.0002 |  1.000 1.800
0.0005 | 1.000 1.800 . |
o 0.0010 | 0.990 1.900
2 Deep Shale & Sandstone (Depth >400 ft) | 0.0020 0.985 | 2.000

: . . 0.0050 | 0.980 |. 2.200 .
0.0100 | 0.960 2.400
0.0200 | 0.910 3.000

L A
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0.0001 | 1.000 1.800
0.0002 | 1.000 1.800-- |
0.0005 | 1.000 | 1.800 -
o S |.0:0010 | 0.990 | 1.900 -
-3~ | Shallow Limestone (Depth <400f) | 0.0020 | 0.985 | 2000 |
S PR . . 0.0050° | 0.980 | 2.200 .|
-0.0100 -| 0.960 | 2.400 .
0.0200 | 0.910 | 3.000

0.0001 | 1.000 | 3.200
0.0002° | 1.000 | . 3.200
1.0.0005 | 0.980 | 3.500 |
o . k _0.0010 | 0.950 | 3.800 | .
4 Shallow Shale (Depth. <400 ft) , . 0.0020 | 0.900 | 4.200 |
- : o A - 170.0050 | 0.820: | 5.100"
0.0100 | 0.730 6.200. |
0.0200 | 0.620 | 7.600

0.0001 | 1.000 | 2.500°
10.0002 | 1.000 | 2.500 : T
0.0005 | 0.990 | 2.600 :
0.0010 | 0.980 2.700

2 Shallow Saddetone Epepth <400 ft) 0.0020 | 0.950 5000 |
0.0050 { 0.910 | 3200
0.0100 | 0.850 4.000 °
0.0200 | 0.770- | 5.000 .|
Calculations

-Site-response calculatlons were. performed using an equnvalent-llnear formulation and,using as.

rock input the 10 broadband spectrum from the: probabmstlc seismic hazard’ analysis, and .
»conSlderlng a profile that-extends from bedrock to Elevation 782 feet (top of Glen’ Rose Limestone,
Layer C). Calculations were performed for two separate. cases, as follows: (1) alinear-analysis,
using the low-strain damping ratios from Table 4; and (2).a non-linear analysis, usmg the strain-
dependent damping and stiffness properties given in Flgures A2-1 and A2-2 and tabulated above.

Results _
' Flgures A2-3 compares the spectra at the top of the proflle for the two sets of calculatlons The

linear results are slightly higher.than the non-linear results. . This is which is attributéd mainly to ‘the
conscious conservative choice of damplng ratios for the linear analysns (see Table 4, subnotes C
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and D). An additional contributor is the increased damping that accompanies nonlinear
deformation.

Appendix 2 References

Risk Engineering, Inc. (2007). High frequency and low frequency horizontal rock spectra, REI QA
record 0737-ACR-026.

Risk Engineering, Inc. (2008). Calculation of Site Response for Comanche Peak Units 2 and 3,
Rev. 1. REI QA record 0737-ACR-030.

Figure A2-1: G/G,,,, vs. Strain for Rock Materials
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Figure A2-2: Damping in Shear vs. Strain for Rock Materials
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Figure A2-3: 1E-4 Broadband Linear vs. Nonlinear Median Soil Spectra
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Figure A2-4a: (G[Ovs. Strain (Sand Ch teristic Behaviour, EPRI 1993)
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Figure A2-4b: Damping in Shear vs. Strain (Sand Characteristic Behaviour, EPRI 1993)
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Heavy Industries, LTD, September 17, 2008

This calculation is proprietary and will be submitted by a separate letter.
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