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SIMEARY

T-he aeimic dsign criteria of the Sequoyah., Watt Par, uand Bellefonte
Wiclear Power Plants are bae nthe "Tectonic Province" approach i
which the largest historic earthquake is assumed. to reoccur "at the
site" of the plant. This approach is the st conservative approach
defined by the guidelines of IOCFR Part 100,, Appendix A. In utilizing

this approach the following analyses and results are presented in this
report to define site specific spectra for these rock sites.

1. Telargesu historical earthquake (Giles County) considered to
have occurred in the tectonic province is best characterized

as having a magnitude of 5.8.

Appropriate strong notion earthquake recordings were selected and
their response spectra calculated. These spectra are compared
with the design spectra at Sequoyah,, Watts Bar., and Bellefonte.
These comparisons show the mean response spectra from the strong
motion earthquakes are below the design spectra at the three

plants.

3. Procedures were developed to predict strong motion associated
with Mbgmagnitude of an earthquake similar to the Giles County
earthquake. These predictions compare favorably with existing
strong motion dita- For an earthquake similar to Giles County
S&xpof rock acceleration is predicted to be about 0.08 g.
Anchoring a regulatory guide spectra to 0.08 g shows the design
spectra at the three plants are not exceeded.



IBased as the results in this report, and the results previously
JSU&d[ted in the Phase | report, TVA conclud s the seismic design
bases used at Sequoyah., Watts har, and Bellefonte are conservative
and adequatelyv ensure the health and safety of the public.
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The Tennessee Valley Authority (TVA) has applied to the Nuclear Regulatory
comission (NRC) for licenses to operate Sequoyah, Watts Bar, and Bellefonte

3 Nuclear Power Plants. Sequoyah is located in Hamilton County, Tennessee,
Watts Dar Is located in Rhea County, Tennessee, and Bellefonte is located

3 in Jackson County, Alabama. The locations of these plants are shown in
Figure 1-1. The seismic criteria used in the design of these three

| ~plants were reviewed and approved by the NRC (then thie Atomic Energy

3 Comuission) during the reviews which preceded issuance of construction
permts for the plants. However, i nthe course of their review for the
operating licenses for these facilities, NRC has requested additional
information concerning the seismic design basis used for these plants.
This report provides additional information to support the safe shutdown
earthquake (SSE) ground notions used in the design of the Sequoyah,

Watts Bar, and Bellefonte Nuclear Plants as discussed in the respective

[« )

plants Final Safety Analysis Reports (PSAR).

The NRC first informed TVA of their concerns in a letter dated December 27,
1977. On February 6,, 1978, TVA outlined a two-part study to address the
NRC concern. Phase | (reference 1) of this study was submitted for NRC
reviewon My 1, 1978. Phase Il of this study i sthis report. Also, in
March 1978, NRC formed aWrking Goup (reference 2)to "evaluate the
problem consider various methods of resolution, and recomend a path of

resolution that assures safety while taking into account differences I n

W wWZ W

. the time and effort that would be required by the applicant [TVA) and



&caff (MXC], and the extent to which seismic reanaysis of the plant
would be required.” On May 30, 1970, the Working Group issued a report

covering their work.

This Phase |t report combines the results of TVA's initial outline of
work and results of suggestions by the NRC Working Group. A brief
description of the sites, definition of the present design response
spectra for the SSE, a discussion of different analyses performed, and
results anl conclusions of these analyses are presented in the following

sections.



2.0 SITE DESCRIPTION

The Sequoyah, Watts Bar, and Bellefonte Nuclear Plants are all located
in the Southern Appalachian Tectonic Province (SATP). Physiographically
this region consists of the Blue Ridge, Valey and Ridge Province and a

portion of the Appalachian Plateau ProviLnce.

The principal Category | structures of each plant are supported by
competent rock as confirmed by the shear wave velocities discussed below.
The Sequoyah and Watta Bar plants are founded in the Conasauga formation
while the Bellefonte plant is founded in the Chickamauga formation.
Both formations are of early Paleozic age and are characterized by

varying amounts of limestone and shale.

The rock foundation at the Sequoyah site consists mainly of shale with a
measured shear wave velocity of approximately 600G ft/s. The remaining
soi | overburden thickness has an average depth of 40 feet i nthe vicinity
of the plant. The overburden consists mainly of sandy clay terrace
deposit and silt and clay residuum The shear wave velocity i nthe

overburden ranges from 700 to 1000 ft/s.

The rock foundation at the Vatts Bar site i spredominantly shale with a
shear wave velocity of approximtely 5900 ft/a. The remaining soil
overburden has an average thickness of 30 feet and consists mainly of
terrace deposits of clays, silts, and sands. The shear-wave velocity in

the overburden ranges from 1000 to 1650 ft/s.



The rock foundation at the Bellefonte site is predominantly limestone
vith a measured shear wave velocity of approximately 10,000 ftls. The
remaining soil overburden thickness has an average thickness of about
20 feet in the vicinity of the plant. The overburden consists of

residual silts and clays. The shear wave velocity ranges from 300 to

1700 ft/s.

A detailed description of each site i s contained i nthe respective FSAR'.



3.0 DESIGN RESPONSE SPECTRA

The Sequoyah, Watts Bar, and Bellefonte Nuclear Plants are all located
in the Southern Appalachian Tectonic Province. The maximum historic
earthquake in the province occurred in Giles County, Virginia, on My 31,
1897. A discussion of the intensity and influence of this earthquake on
the sites in question is contained in the plants FSAR and the Phase |
report. This earthquake occurred 285 miles from the Sequoyah site,

255 miles from the Watts Bar site, and 360 miles from the Bellefonte
site. Using the tectonic province approach this earthquake is assumed
to occur "at the site" for the purpose of defining the safe shutdown

earthquake (SSE) as required by the 10CMR Part 100.
3.1 Seguoyah Nuclear Plant Design Response Spectra

The Sequoyah Nuclear Plant has been designed for a SSE with a maximum
acceleratlon of 0.18 g. The site seismic design response spectra which
define the vibratory ground motion of the SSE for rock-supported
structures are shown i nfigures 3-1 to 3-4. These spectra are for
danping of 1/2, 1, 2, and 5percent of critical and are applied to the

various structures, systems, and components as shown in table 3-1.

Four artificial earthquake records were produced which appropriately

envelop the horizontal spectra. The average response spectra generated
fromthe four artificial recores were used i nthe design and are ternmed
the actual design response spectra. Thus, discussion of the adequacy of

the design should be based on the actual design response spectra.



Figures 3-1 to 3-4 illustrate the relationship between the minimum design
response spectra (Housner at 0.18g) and the actual design response

~spectra for the SSE for all damping ratios used in the design of rock
supported structures.

3.2 Watts Bar Nuclear Plant Design Response Spectra

The Watts Bar Nuclear Plant has been lesigned for a SSE with a maximum
acceleration of 0.18 g. The site seismic design response spectra
(modified Newmark) which define the vibratory ground motion of the SS1
for rock-supported structures are shown in figure 3-5. These spectra
are for danping of 1/2, 1, 2, and 5 percent of critical and are applied

| ~to the various structures, systers, and couponentr as shown~in table 3-2.
3.3 Bellefonte Nuclear Plant Design Response Spectra

The Bellefonte Nuclear Plant has been designed for a SSE with a maximum
acceleration of 0.18 g. The site seismic design response spectra which
U define the vibratory ground motion of the SSE for rock-supported
structures are shown infigure 3-6. These spectra are for damping of 1,
2, 3, 4,5, 7, and 10 percent of zcritical and are i n accordance with
Regul atory Guide 1.*60. The specific percentage of critical danping
values used for the various structures, systens, and conponents are

shown i tapbhe 3-3. This isinaccordance with Regulatory Quide 1.61.



3.4 CcoMarlson of Sequoyah. Watts Bar, and Bellefonte Design Response Spectra

Comparisons of the various design response spectra for the Sequoyah,
Waetts Bar, and Bellefonte Nucleir Plants for the two principal types of
structures, steel and reinforced concrete, are shown in figures 3-7 and

3-8 respectivyly.

These comparisons of the three plants' design response spectra will be
used later in this report (section 4.6) for comparison with response

spectra fromactual recorded accelerograus.
3.5 Discussion of the Various Dauping Ratios Used at the Three Plants

The specific percentage of criticai damping values used for Category |
structures, systems, and components are provided in tables 3-1 to 3-3

for the Sequ-%ah, Watts Bar,- and Bellefonte Nuclear Plants respectively.
As is evident from these tables, different damping ratios are used at
different plants for the same type of structures, system, and components.
Thus, to compare the design spectra at each plant, a simple comparison

at a fixed damping ratio is not adequate. Rather the type of structure,
system, or component considered must be identified and the damping

ratios between the plants alowed to vary. This was done in the creation
of figures 3-7 and 3-8 which compare the design response spectra for
steel and reinforced concrete structures respectively. For example, at
Sequoyah, 1 percent damping was used for steel structures while at Watts
Bar, 1 percent was used for the steel containment structure (the principal
steel structure present) and at Bellefonte, 4 percent was used.

Similarly at Sequoyah and Watts Bar, 5 percent damping was used for

reinforced concrete structures as compared to 7 percent at Bellefonte.



In addition, any coaparison of present design response spectra and damping

values with new criteria should consider the damping values listed Lu

Regulatory Guide 1.61. These comparisons are made in section 4.6.



4.0 IIESTIG&TIOMS TO RESOLVE SEISMIC DESIGN BASIS

1 The following Investigations were performed to provide additional

information to resolve the seismic design basis. The first four of

8

these investigations, discussed In sections 4.1 to 4.4, were presented
in our Phase | report. They are briefly reiterated here to place them
U in the context of the Working Group report. The last three Investi

gations, discussed In sections 4.5 to 4.7, represent new work performed

f,)r this Phase Il report.
U ~4.1 Evaluation of the Giles County Earthquake Intensity

| Adiscussion of the Ciles County earthquake Intensity was presented in

the TVA Phase | report.

The Giles County earthquake has historically been listed as a Modified

| 1Kercalli (11) intensity VII, VII-VIII, and VIII. 1t Is TVA's opinion
after considerable study the Giles County earthquake Is best characterized
as a M VII-VIII. Evauation of the Giles County earthquake Intensity

is Item I11.A.3 of the NRC staff Working Group report.
4.2 Evaluation of Site Conditions on Earthquake Intensity

3 Information was presented in the Phase | report which demonstrated
historical earthquake Intensities are soil-biased and, during a given
3 earthquake, intensities on rock are less than on soil by 2to 3 Intensity
units. Evaluation of the Gles County earthquake Indicated the sane
conditions. The subject plants are all founded on conporm~t rock as
di scussed i nsection 2. This itemisitemIlI.A4 of the NRC staff

Wrking Goup report.



4.3 Evauation of Variation of Acceleration with Depth and Comparisons
of Accelerations Recorded on Rock and Soil Durins a Given Earthquake

| Information was presented In the Phase | report which demonstrated

earthquake accelerations reduce with depth at a given site. The subject

plants are all founded on rock at depth. The Intensity-acceleration
3 relationships are all based on recordings obtained at the surface.
Therefore a reduction in the maximum acceleration obtained from these
3 relationships is appropriate for sites founded on rock at depth.
3 Information was also presented in the Phase | report which Indicated

accelerations on rock are less than on soil at a given site during a

| given earthquake. During the Investigations for this Phase 11 report,
additional information wau obtained to substantiate this. Table 4-1
(reference 3) shows that accelerations on sites of thin alluvium over

3 ~burden (Cornino-Forgaria) are from 1.5 to 3.8 times greater than the
measured pesk accelerations on rock sites (S. Rocco). The S. Rocco and

| Cornino-Forgaria strong motion accelerograph stations are located at a
distance of 650 metersfrom each other (figure 4-1). These stations
were located more than 10 kilcuees from the earthquak epicenters.
Th2s9 differences in the attenuation effect due to distance can be
ruled out. Figure 4-2 shows the geology of the sites which is significant;
the S. Rocco station is based on limestone, while the C. Forgaria
station i sbhased on a layer of approximtely 15 neters of alluvial

deposits over marl and marly sandstone rock (reference 4).
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4.4 Evauation of Intensity-Acceleratien Relationships

This evaluation v&s presented in the Phese | report which indicated the
Computer Sciences Corporation Ohwphy & O'Brien) (reference 5) relation
ship was the most appropriate. For a M VIII earthquake an acceleration
of 0.15 g is obtained. For a Ml VII-V1ll earthquake an acceleratio, of
0.125g is obtained.

This evaluation Is Item 111.3.3 of the VIC staff Working Group report.
4.5 Evaluation of Response Spectra from Strong Motion Records
of Earthquakes of Given intensity

This approach Involves determining response spectra for Intensities

assigned to sites where strong-motion recordings have been obtained.

~Asbabian Associates (reference 6) end Trifaunac end Anderson (referance 7)

have performed studies of this type.

Problems with this approach are that 4istance effects are not considered.
For example, en Intensity VI earthquake at a distance of 100 miles has
different motions than a VI at 20 miles. This was not considered in
the above studies. The Agbabian, report Indicates there is not enough
data at the Intensity level assigned to the Gles County earthquake to
perform these analyses. The-Ew2+labsmintictajity VIII data are minimal

and are for soil sites. No data in this range are available for rock

~sit"s.

The Agbabian report compared their spectra at Intensities V, VI, and VI|
with the Regulatory Guide 1.60 spectra anchored to the Trifunac end
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Brady Lutensity-accelaration relationship. The results of the comparison
apeato b favorable from which It could be suggested that the Trifunac
~and Brady relationship is the most approprat to use. After examination
of the studies, It is seem why the two should reasonably agree; both
studies used the sae data The developutt of the Regulatory Guide
spectra used same of the eatquakes which Trifimiac and Brady used.
~Thuse this agreement shows that the sample set of earthquakes used to
develop Regulatory Guide spectra are representative of the total set
used by Trif~uaac and Brady. It does not mean the Trifunac and Brady
~relationship |s the most appropriate.

In view of the above, further analyses would not be meaningful. This
evaluation |s Item 111.1.2 of the WRC staff Working Group report.
4.6 Development of Response Spectra from Stronglirtion Records of

|ii opr@ceMsgiaicee nd onprisn wthDesign Spectra

This analysis is Items 111.5.1 and C.L~a of the NRC staff Working Group
report.

In an effort to develop a site specific design response spectra for
the three plants, a suite of existing strong notion records for earth
quakes of appropriate magnitude and distince for the existing site
~conditions yes Investigated. In this investigation earthquakes of
magnitude 5.3 to 6.3 recorded on cometent rock within a",ut

25 kilometers of the epicenter are considered. This narriv cross section

Of all existing strong motion records was selected because:



L. As discussed In the supplemental report (reference 6). the Giles

County, Virginia earthquake is best characterized as amagnitude

3 5 - 6 evet, range of ahalf unit about this value wsconsidered

WE W W

approptiate.

=2 _The three sites In question are compoenent rock sites with very
shallow overburden. The design response spectra are for rock

supported structures.

3. Events greater than 25 kilometers from the site would be suffi

~ciently attenuated so as to be no problem.

0f the strong motion data available, 13 existing records were found
which meet these restrictions of magnitude, site condi~tions, aid distance.
These records are listed In tible 4-2 (references 9, 10, and 11).

Table 4-3 lists the location and site geology of the recording sites
(references 412, aid 13). Of these 13 records, six are western United

States records and seven are Italy records.

Figures 4-2 and 4-3 are simple histograms of the data distribution with
respect to epicentral distance and magnitude respectively. The average
magnitude of these 13 records is 5.7 aid range from 5.3 to 6.2. The
average epicentral distance is 15.8 kiometers and range from 7 to 27

kilometers.

Response spectra for both horizontal components of these 13 records for
4 aid 7 percent of critical damping are presenbed In figures A-1 to

A-26 In appendix A. The use of these damping values is discussed in



section 3. Figures A-27 and A-28 shm wPpe-rtra of oni, the, 11slted
States records for 4 and 7 percent damping, respectively. SAMI~arly,
figures A-29 and A-30 are for only the Italy records and figures A-31

and A-32 are for all 13 records. In addition figures A-33 and A-34

shom the mean, the mean plus one standard deviation, maximum, and minimum
response spectra of only the United States records for 4 and 7 percent
damping, respectively. Similarly, figures A-35 and A-36 are for only
the Italy records and figures A-37 and A-38 are for all 13 records.

To examine the relationship between the seismic design of these nuclear
power plants and the actual ground motion induced by the earthquakes,

comparison of these 13 records with the se-ismic design response spectra
used at each plant are given In appendix B. The curves given previously
In figures 3-7 and 3-8 are used. Figures B-1 to B-52 show a comparison
of each co~olent of each record for either 4 or 7 percent damping with

the three plants criteria

Figure B-53 compares the mean of the six United States records at 4 percent
damping to the design spectra used for steel structures at the three

plants. The mean curve is not exceeded.

Figure B-54 co-lpares the ana of the six United States records at 7 percent
damping to the design spectra used for reinforced concrete stru.,tures at
the three plants. The mean curve exceeds the Sequoyah design spectra
between frequencies ranging from 13 to 25 liz (periods from 0.08 t o

0.04 seconds) by approximately 0.02 g. The Watts Bar and Bellefonte

design spectra are not exceeded.
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Figure 5-55 compares the mean of the seven Italy records at 4 percent

damping to the design spectra used for steel structures at the three

plants. The mean curve is not exceeded.

Figure 1y-5 compares the mesn of the seven Italy records at 7 percent

damping to the design spectra used for reinforced concrete structures

at the three plants. The mean curve is not exceeded.

Figure B-57 compares the mean of all thirteen United States and Italy
records at 1.percent damping to the design spectra used for steel

structures at the three plants. The mean curve is not exceeded.

~Figure B-58 compares the mean of all thirteen United States and Italy

records at 7 percent damping to the design spectra used for reinforced

concrete structures at the three plants. The mean curve is not exceeded.

As shown in figures B-53 to B-58 the mean response spectra fall below

the design response spectra for the three plants except for one small

region in one figure which exceeds only the Sequoyah spectra.

from examination of these response spectra, it is concluded the site
specific response spectra developed from selected existing strong
motion events supports the conservatism of the desitga response spectra

used at the Sequoyah, Waits Bar, and Bellefonte Nuclear Plants.



4-7 Development of Response Spectra Based on Parameters Other Than Intensity

This analysisis similar to item 111.B.6 of the NRC staff Working Group

report.

I

3 An alternate method for predicting ground motion spectra at specific sites
In eastern North America is developed. This approach eliminates many

U shortcomings of the intensity-acceleration technique by hiving recourse

3 ~to the magnitude concept in the prediction of ground motion level for

bedrock sites at specified epicentral distances.

The magnitude concept uses instrumental measurements and empirically

established distance corrections to scale the relative sizes of earthquakes.

-By using the MbLy magnitude scale (reference 14) that was derived and
confirmed for eastern Notth America, the present method has the advantage
U of taking into consideration the appropriate attenuation.

Briefly outlined, the prediction of ground accelerations i sachieved

I through the following six steps:

1 1 = For aspecified MLg value (that of the selected design earthquake),

cal culate the corresponding 1-second ground displacenent anplitude

fromthe source spectrumSii);

|2 For aspecified epicentral distance, obtain the site displacement

3 ~spectral level for the 1-second period . (29);



17

3.  Obtain the acceleration spectral density function ordinate at
(im2) r(1)
Apply random vibration analysis to predict §(2W 0.1), the ordinate

of the response spectrum at the natural frequency 60 - 2W(i.e.,

natural period, Tn- 1 second) -uJl0Z damping;

Utilize western strong motion data to predict peak grov..' acceleration
a5 from Sv(Mf, 0.1);

6. Scale a set of standard response spectra (such as those in Regul atory
Qui de 1.60).

The theory, developnent, and supporting evidence of t~is approach are
discussed in the supplement to this eport -ntitled "Prediction cf y..rong

Motions for Eastern North America’ (r'. ference 8).

IA S presented in the supplemental -report, this approach | s applied t-0

the selected design earthquake - ahypothiticrl repetition of the Gles
County event (MbLg - 5.8) raigrat4A near the site (15 Im) with a duration
of strong notion of 4.0 seconds. ".hepredicted maxamumhorltonta'.
accelerations for the selecteO values and for smaller and | arger

variationo about these vaues are given in table 4-4.

As &aupporting exanpl e, the horizontal conponenti of notion recorded
on hard rock at thu c. Roc~.0 station during three afterahockm of the

1976 Ftiuli, Italy, earthquake are present:d. U levant |nformation



|
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about these records is sumarized in table 4-5. The mean duration of

these S. Rocco records is 2.51 seconds. Prediction of maximum horizontal

accelerations for this duration are aso given in table 4-4.

On the basis of this method, a top of rock acceleration of 0.08 g is
predicted for an earthquake similar to the Giles County event. Anchoring
a Regulatory Guide 1.60 spectra to 0.08 g shows the design spectra a

the three plants are not exceeded. This is shcnm in figures 4-5 and 4-6
for spectra with 4 and 7 percent danping, respectively. Thus, TVA
UdeS the seiW.-c design bases used at Sequoyah, Watts Bar, and

Bel | efonte are cons'rvative.
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5.0  CONCWSZOND

The seismic design criteria of the Sequoyah, Watts Bar, and Beflefonte

Nuclear 2ower Plants are based on the "Tectonic Province" approach in

U which the largest historic earthquake is sassued to reoccur "at the

3 ~site” of the plant. This approach ite the most conservative approach
defined by the guidelines of 10CFR Part 100, Appendix A. In utilizing

3 this approach the following analyses and results are presented in this

report to define site specific spectra for these rock sites.

1. The largest historical earthquake (Giles County) considered to
| have occurred in the tectonic province is best characterized

3 as having a magnitude of 5.8.

2. Appropriate strong motion earthquak~e recordings were selected and
their response spectra calculated. These spectra are ccupared
3 with the design spectra at Sequoyahs, Watts Box, and Bellefonte.
These comparisons show the mean response spectra from the strong
motion earthquakes are below the design spectra at the three

plants.

= 3. gProcedures were developed to predict strong motion associated
IWI t h Mbgmagnitude ::f-an earthquake similar to the Giles County
| earthquake. These predictions compare favorably with existing
strong motion data. For an earthqu~ake similar to Giles County.
a toD of rock e~cceleration is predicted to be about 0.08 g.
Anchoring a regulatory guide spectra to 0.08 g shows the design

spectra at the three plants are not exceeded.



-Basedon the results in this report, and the results previous~y
sumitte in the Phase | report,, TVA concind s the seismic dasign
bases used. at. Sequoyah, Watts Bar,, and Bellefonte are conservative

u ensure the health and safety of the public.

20
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TAMZ 3-I**

DAFMPI  RA7101@S| i ME ANAISIS OF CATMM(~ 1
SIN(ICRRUS.  MTESTDI NETS,pmi SOI AT SEWOIAN MWIYA pLA|
Du~ing Ratio,, Percent of
Critical Viscous Damping
1[2 Safe Shutdown Safe Shutdown
item
Steel Contaiinmnt Vessel

Concrete Shield Building and
Internal Concrete Structure

Other Welded Steel Structures
Bolted Steel Structures
Other Reinforced Concrete Structures
Bolted or Nailed Wooden Structures
DuMping for Determining Amplification
through Soils for Soil-Supported
Structures 10 10

Vital Piping Systems 0.5 0.5

*DmAping values used when stress levels are at or near yield. All other damp-
;ng values are for lower stress levels,.

**This i nTable 3.7-2 of the Sequoyah PSAR.
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TABIE 3-2"

DAMP=N  RAMOS-U  IN =DRANUM~IS OF C&AT78Y |
S=I1JW=, SYSW5 COO AND SOILM WAMT  %RNUCLEA PLANT

Dmping Ratio,, 1%srcent of

112 Safe Shutdown Safe Shutdailm
item

St'fel containment Vessel

Concrete Shield Building
and Internal Concrete Structure

Other Welded Steel Structures
Bolted Steel Structures

Other Reinforced Concret~e Structures

N o0 o N

Bolted or Nailed Wooden Structures 7
Damping for Determining Amplification

through Soils for Soil-Supported

Struictures 10 10

Vital Piping Systems 1 0.5

*Damping value used when stress levels we at or near yield.

**|This is Table 3.7-2 of the Watts Bar FSAR.
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TAMZ 3-3*

IWQM  VTIS USE If ANALMSS OF CAM 1

y STSIM. OMUVyYy M S0l AT RUINIM NIMXZA PIM

DEVIng Rtatio P9in Of
Critical Viaco  Dmayi

Safe Shutdow
Iltem

Jbst-tensiomed concrete

contalmeat buldn 2
interior conrete structure 7

-e0dContiaen Is 7
Other reinforced concrete

structures 7
Welded steel. structues h.
Bolted steel structues 7
oil 2 (b)
Piping systemj all dimeters

greater than 12 inhs4 3
Other piping systems 1

;- pipet 2 3

(@) Ina the dynanic analysis of active components, these vlales sb0UIA alsO
be used for SSE.

(b) Strain dependent.
(c) Fbr MS includ~es both material and structural daming. For piping

systems consisting of only one or two spans, with little structural
damping, the values for mall diameter piping were used.

*Thisis Table 3.7.1-2 of the Bellefonte PSAR.



5-18-76
6-9-76

6&11-76
9-11-76
9-11-76
9-35-76
9-15-76

CCNAIUSON Or NAXIKM OROWI
AT S, ROMC AWD COMUMJ.Lb

143
1.2

'5

s9
6.1
6.0

TAILK 414

ACCBUMUWZ0

=MOSE

Max. Ace*lewation

)fypoc~ntral

u-7
13.7
18.".
16.0
15.7
12.7
13.2

CorrnDL

.059
.079
.100
6095
133
4163
353

.039
.030
.00s 3A
010r 1641
.093

.069
4416



TABLC 142
UNIZ  MTX8E AND ITALIA  XAIRLJQUAU

: Wclentral
otk DeterTime Rsetcgtridol ?19 Distance Instrurmnt,  Acceleratien

Selena,9M ntana 10-31-35/1138 NOT  Carronl College 6.0 7

San francisco., California 3.22-57/1627 PpoT Golden Gate Park 5-3 12 ?ﬁl(\)/él

Pkrkfield, California 6-27-66/20e6 POT Temblor 5.6 E%%S
Itrle Creeks California 9-12-70/0630 PST  Allen Ranch 5.14 214 gég\év _'8%
lortle Creeks, California 9-12-70/0630 PST Devila Canyon 19 g(())E())VSV '%5661
Oroville, California 8-2-75/1320 PST Oroville Damn 5.7 12 fggv?\’/ ?2%55
Friuli, Italy 5-6-76/2000 maC  Th2mzzo 6.2 27 N_%?Z .3L1J.(:5L3
Friui, [taXY 5-9-76/0053 MaAC  Tolaezzo 55 22 BNM\éV 8?%
Fkiuli, Italyv 5-n—6/,, W GHT Tolmezzo '3 13 N-S 82%
Friuli . Italy 9-11-76/1631 maC S Rocco '5 16 N-8 040
Friulio Italy 9-1U-76/1635 01Cr  S. Rocco '9 114 N :8;8
Friuli, Iltaly 9-15-76/0315 01Cr S. Rocco 6.1 9 N-S .0066
Friulis Italy 9-15-76/0921 ma. C'S. Rocco 6.0 20 N g

235



Stn
No.
2202
ill
116
1117

11400

14i 38

TAMLE 4-3

SPECI FI CS OF STRONG MO-~TION RECORDI NG STATIONS

Station
Name

Carroll Coal
Helena, HT1

Cedar Springs
Miller Canyon,, CA

Devils Canyron
San Bernardino, CA

Golden U3te Park
San Francisco, CA

Oroville Dam
CA

Temblor
CA
Tolmezz',q Italy

S. Rocco, Italy

Coordinates

1,6.58 N
112030 W
314.28* N
11733 W
31#.20* N
117-33! W
3777 N
122.1481 w
39.55' N
121.4180 w
3571 N
120.17" W
4.6.380 -x
12.980 E
46.230 N

11,000 E

Location

Basement
Basement
Basenent
[ nstrunent

Shel ter

Lower Gallery of
Dam

| nstrunent
Shel t er

Dam Abutment

Mobile Unit

Site
Geology
Rock
Rock
Rock
Rock

Rock

Rock

Rock

Rock



D**yJiatance

5.6
5.8
6.0

TABIR 4-4
FMUIC MAI4AW ORZNM  ACCEILRAYIONS
FMN SELECTD DESIGN BORQUAUSE

100k 15 km 20ka
_Duratlon Duration Duration
Kl s o4 oy cd - De e
.06g .079 .05g .039 .04g
IDg 329 *079 .086 .06g
.O~g

.369 .189 116 . 129 .099



TAMI  4-5
COMMISOM OF PREDICTED ACCELFR&TICIS
THRE FRIULI. iTALY SBFp4mR 1976 zARTHQU&.Us

Date Dist. Duaration Acceleration (Q)

M DY C~wD - 2t~fl~. . (see) mseAvM PrOM ntabd
-lmm (19n)

9 31*6 5.9 15.7 1.30 0.09 0.105
16 :21Wfm 2.68 0.085 0.091
9 15 76 12.7 5.96 0.061 0.1141
3:15GW] 2*10 0.1.19 0.3m8
9 15 76 6.0 23.2 2.143 0.137 0.8
9:2304T 0.59 0.2142 0.082

S’ Dev. 1 16 17.2 5L06 32 0315






