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/ UNITED STATES
8 $ NUCLEAR REGULATORY COMMISSION
7; j WASHINGTON, D. C. 20555

% ,,,,, / FEB 5 1985

"

Docket No.: 50-412

APPLICANT: Duquesne Light Company (DLC)

FACILITY: Beaver Valley Power Station, Unit 2

SUBJECT: GEOSCIENCE BRANCH (GSB) MEETING SUMMARY

On December 7,1984, NRC and applicant representatives met in Bethesda, Maryland
to discuss Geoscience Branch's unresolved issues. A meeting notice and attendance
roster are enclosed (Enclosures 1 and 2 respectively).

*

The applicant had provided a report prior to the meeting in response to a GSB
question on the adequacy of the BVPS seismic design. A sumary of the applicant's
presentation is provided in Er: closure 3. The applicant presented a statistical
analysis of the historic earthquake record to justify the use of the mean
spectra rather than the 84th percentile spectra. The arguments were not.

accepted by the NRC staff.

In developing representative site specific spectrum the applicant investicated
,

; several options.
t

a. Use California records from stations with soil profiles similar to
the BVPS site,

b. Use world wide rock records which match the magnitude of the BVPS
safe shutdown earthquake (SSE) and arnplify the motion through a soil
profile identical to that of the BVPS site.

The results show that the site specific spectrum (SSS) obtained for an expanded
suite of rock records amplified through a soil profile (SHAKE) exhibits
significantly higher acceleration values than a site matched SSS for a site of
soil based sections even when this spectrum is boosted by 10% to allow for the
higher velocity contrast at rock interface (3000 ft/sec r.s. 5000 ft/sec).

The 84th percentile of the " soil response" SSS is definitely going to exceed
the BVPS design spectrum. However the NRC staff insisted on the applicant
showing the 84th percentile SSS since that has become the ace.epted procedure
in the use of SSS.

The following suggestion were presented by the staff:

1. Calculate the SSS at the foundation of the critical structures by using
a statistical' rock spectra amplified through a BVPS site soil column up to
the same elevation as-the foundations of the structures.
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2. -Calculate both the site matched and soil amplified 84th percentile SSS.

3. Do an analysis of the "C" shelter record from the Franklin - Falls Dam
(New Hampshire earthquake record) and compare it to the site matched
. site specific spectrum.

4. Use the Alexander Building record to verify the SHAKE analysis which
resulted in a 10% difference between 3000 ft/sec and 5000 ft/sec rock
velocity at interface with soil column.

. The arguments on the. vertical acceleration design (i.e. 2/3 of horizontal)
and the arguments for considering shallow earthquakes to be of no significance
influence to the seitmic design were accepted.

,

The. schedule for submittal of the report was discussed at the conclusion of
the meeting. The applicant will submit the report by the end of January 1985.

MLIAINAL. SIGNED BY

B. K. Singh, Project Manager
Licensing Branch No. 3
Division of Licensing

Enclosures:
As stated

- cc: See next page
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MEETING SUMMARY DISTRIRUTION

Docket;No(i)'iE f50 412 3
g'NRC PDR
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Project Manager B. K. Singh
JLee

NRC PARTICIPANTS

B. K. Singh
L'. Heller
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K. C. Leu
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Mr. Earl J. Wooleverv
Vice President, Nuclear Construction
Duquesne Light Company
Robinson Plaza Building, No. 2, Suite 210
PA Route 60
Pittsburgh, Pennsylvania 15205

.

Gerald Charnoff, Esq. Mr. H. M. Siegel, Manager Engineering
Jay E.'Silberg, Esq. Beaver Valley Two Project
Shaw, Pittman, Potts & Trowbridge Duquesne Light Company
1800 M Street, N.W. Robinson Plaza Building No. 2
Washington, DC 20036 Suite 210

PA Route 60
Pittsburgh, Pennsylvania 15205

Mr. C. W. Ewing, Quality Assurance Zori Ferkin
Manager Assistant Counsel
Quality Assurance Department Governor Energy Council
Duquense Light Company 1625 N. Front Street

.

P. O. Box 186 Harrisburg, PA 15105
Shippingport, Pennsylvania 15077

Mr. R. J. Washabaugh
-BV-2 Pro.iect Manager
Duquense Light Company Director, Pennsylvania Emergency
Robinson Plaza Building No. 2 Management Agency
Suite 210 Room B 151
Pittsburgh, Pennsylvania 15205 Transportation & Safety Building

Harrisburg, Pennsylvania 17120

Mr. T. J. Lex Mr. Thomas Gerusky
Westinghouse Electric Corporation Bureau of Radiation Protection-
Power Systems PA Department of Environmental
P. O. Box 355 Resources
Pittsburgh, Pennsylvania.15230 P. 0. Box 2063

Harrisburg, Pennsylvania 17120
Mr. P. RaySircar
Stone'& Webster Engineering Corporation BVPS-2 Records Management Supervisor
P. O. Box 2325 Duquesne Light Company
Boston, Massachusetts 02107 Post Office Box 4

Shippingport, Pennsylvania '15077
-Mr. Glenn Walton
U. S. NRC John A. Lee, Esq..

P. O. 181 Duquesne Light Company
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1631 Park Avenue
King of Prussia, Pennsv1vania - 15229



. -

. .

..

-p.
-s-

Mr. E. F. Kurtz, Jr. . Manager
Regulatory Affairs
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|Enclosure 1
,i# "c%(o,,.- UNITED sT ATEsv

8' 'g NUCLE AR REGULATORY COMMISSION.,

' WASHINGTON. O C. 20555; /- |
%, ,/ NOV 2 71984'

Docket No. 50-412
.

MEMORANDUM FOR: George W. Knighton, Chief
Licensing Branch No. 3
Division of Licensing

FROM: B. K. Singh, Project Manager
Licensing Branch No. 3,
Division of Licensing

SUBJECT: FORTHCOMING MEETING BETWEEN THE NRC AliD DUQUESNE
LIGHT COMPANY

DATE & TIME: December 7, 1984
9:00 All

LOCATION: Room P-114
Phillips Building
Bethesda, Maryland

PURPOSE: To discuss unresolved issues concerning Geosciences Branch
SER.

PARTICIPANTS *: fiRC

B. Singh
L. Reiter
G. Giese-Koch
et. al.

Duouesne Licht Company.

J. O'Neil,-

et. al.

'
t :

jK.bw$b./ '

,.
.

B. K. Singh, Project Manager
Licensing Branch No. 3
Division of Licensing

cc: See iext page

* Meetings between NRC technical staff'and applicants for. licenses are open for
. interested members of the public, petitioners, intervenors, or other parties to
attend as observe.*s pursuant .to "Open iteeting Statement of NRC Staff Policy",
43 Federal Register 28058, 6/28/78. Those interested in attending this meeting
should make their intentions known to the Project flananer, B. K. Singh, at
(301) 492-8422, by no later than December 6, 1984.

~f3DlOh5_

. .



.

.

-.
,

-s.

Site Dependent Response Spectra

Beaver Valley Power Station - Unit No. 2

AGENDA

!. Introduction J. D. O'Neil

- 2. Response to NRC Action Items D. D. Hunt

a. Approach D. D. Hunt

b. Probability J. T. Christian

c. Horizontal Spectra 'D. D. Hunt

d. Vertical Response Spectra D. D. Hunt

e.-Shallow Earthquakes H. Archaya

3. Discursion All
.

4. Summation J. D. O'Neil
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SITE DEPENDENT RESPONSE
SPECTRA

.
..

~

* SITE MATCHED ANALYSIS

e SOIL RESPONSE ANALYSIS
.

.
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| NRC ACTION.lTEMS
,,

o EXPANDED EARTHQUAKE RECORD DATA
BASE FOR SOIL RESPONSE ANALYSIS

e REVISED SCALING LAW
|

'
.:

e EFFECT OF VELOCITY CONTRAST ON ;

SITE MATCHED RESPONSE SPECTRA
,

e RATIO OF VERTICAL TO HORIZONTAL i

RESPONSE SPECTRA !

|
e SHALLOW EARTHQUAKES

'
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| METHODOLOGY
,

o EARTHQUAKE MAGNITUDE .

'

| e SCALING PROCEDURE

e PROBABILISTIC ANALYSIS
:
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! DESIGN EARTHQUAKE
: -

1

!

!
:
!

!
-

| lo VI (MM)=

|
| m3 4.75= -

..

M 4.95=
t
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ATTENUATION RELATIONSHIP

LOG ah = A + Bmb - 0.83 (R2 + h2)* - CR .

!

B = 0.5 FOR mb .2. 4.5

B = 0.25 FOR mb < 4.5
,

I
|

i -

|

r

:

,.

84 41,21I
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!~ SCALING LAW
~

! .

!
.

! FOR EASTERN UNITED STATES
.

| EARTHQUAKES: .
! LOG ah = 0.5 A mb FOR mb 2 4.5
i
1

| LOG ah = 0.25 A 'mb FOR mb < 4.5

!
.

FOR EQUIVALENT WESTERN UNITED STATES'

EARTHQUAKES: -

LOG ah = 0.54 A M FOR M 2 4.7t t

LOG ah = 0.27 A M FOR M < 4.7t t

**'*'2'2
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: SC A LING PROCEDURES
~

INPUT SCA _ING OUTPUT SCALING
4

: 1

i J i L, RESPONSE M x S F- * SPECTRUM
RESPONSE

; j fr SPECTRUM
:

!

|
= = ha -- n ,x <wsme nn nn - na

!
! -

|
SOIL RESPONSE3 A SOIL RESPONSE

i

7 A A AYX A A A A A A A (1 A A A A K& 6
;

$ f& -x S F /p==-
,

:

!
-

i SF iS SCALING FACTOR
!
I

_.
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- PROBABILITY ANALYSIS
,

,

! -

P(A & A & A ) = P(A ) * P(A | A ) . P(A | A & A') .4 2 3 3 2 3 3 2 3
,.

P(A ) = 0.006 TO 0.0113

; ,

| P(A | A ) = 0.0207 :
2 4

!

! P(A | A & A ) = 10-4/ (0.006)(0.0207) = 0.813 2 i

:
:

10-4/(0 011)(0 0207) = 0.44i =
|
|
!

|

|

: -

!

:
._ _ _ _ _ _ _ _ _ _ _ ___
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| FIGURE 2-1

EPICENTERS & TECTONIC
i PROVINCES WITHIN 200 MILES

OF THE SITE

BEAVER VALLEY POWER STATION-UNIT 2
STOME & WEBSTER ENGIMING CORPORATION
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| RECURRENCE RELATION
:
;

|

LOG N = a - bmn
.;

,- -

.

!
:
;

! -

!
i

WHERE: N IS THE ANNUAL NUMBER OF EVENTS |-
,

!

!

j FOR mb 2 A GIVEN VALUE
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PROBABILITY ANALYSIS

P(A, & A & As) = P(A ) * P(A A ) e P(Aa A & A'3)2 3 2 3 2
-

.

P(A ) = ' O.'006 TO 0.0110
'

3

~
'

P(A A ) = 0.02072 3.

|

P(As A & A ) = 0.5| 2 4
;-

P(A, & A & A ) = 0.62x10-4 TO 1.14x10-42 3

84-41,214
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SITE MATCHED RESPONSE
'

SPECTRA
-

.

!
!

| e EFFECT OF REVISED SCALING LAW ;

i
!

! * EFFECT OF VELOCITY CONTRAST
,
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TABLE 3-1

SITE MATCHED GROUllo SURFACE EARTHQUAKE RECORDS
SCALED TO AN Mg = 4.95

Epicental 3celing Fegtgt CIT
Date Epicental Magnitude Reco rding* Olstance SWLC EQN. Record

Year tsnL!! Day Lggatlon Mt Station i kaL. Comoonant i 1988L1 2-6 am No.Iii

1954 12 21 Eureka, CA 6 Federal Bldg. , 6 N79E 0.146 0.146 A-008
Eureka, CA S11E

1957 03 22 San Francisco,,CA 5.3 State Bldg., 13 N09E 0.65 0.65 A-016
San Francisco, CA $81W

Alexander Bldg., 14 N09W 0.65 0.65 A-014
San Francisco, CA M81E

1957 03 22 San [ra Isco, CA 4.4 Alexander Sidg., 16 N09W 1.98 1.65 V-323 i

San Francisco, CA M81E

City Hall, 24 N26E 1.98 1.65 A-017
Oakland, CA , S64E

1962 09 04 Northern, CA 5.0 rede ra l Bldg. , 18 N79E 1.0 0.94 V-330
Eureka, CA SIIE

1965 07 15 Southern, CA 4.0 Old Ridge Rte., 14 [ 3.26 2.11 V-331
Castalc, CA S

1970 09 12 Lytte Creek, CA 5.4 6074 Park Dr., 14 S65E 0.572 0.572 W-334
Wrightwood, CA S25W

1971 02 09 San Fernando, CA 6.4 Old Ridge Rte., 29 N21E u.165 0.165 D-056
Castelc, CA N69W

| NOTE:

call'ornia institute or Technology reference number, Trirunac and Lee (1973)(1) r

.
.
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LEGEND:
FIGURE 3-2---- OLD SCALING LAW. EQUATION 2-60 FOR

ALL MAGNITUDES FIGURE 6-s, SwEC SITE MATCHED RESPONSE SPECTRA
osed) EFFECT OF REVISED SCALING LAW
NEW SCALING law BEAVER VALLEY POWER STATION-UNIT 2
EQUATIONS 2-6e AND 2-6b STONE L WESSTER ENGINEERING CORPORATION
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TABLE 3-2

ROCK OUICROP RECORDS SCALED TO-AM M = 4.95
USED TO EVALUATE EFFECT OF SHEAR WAVE VEL liY CONTRAST

ON SITE MA1CHED RESPONSE SPECTRA

Epicental CIT*
.

*

pale Epicenter Magnitude Recording Distance Scallpg Record
ygay Hggsh gay Location _ k _lita t ion ikel Component {1qtorf21 Mhill

1935 10 31 Helena, MT 6.0 Carroll College, 6 IW 0.271 8-025
* 11elena, MT NS

1935 10 31 Helena, MT 4.0(1) Federal Bldg. , 6 NS 3.26 U-295
'Helena, MT EW

)9;i* 11 21 llelena*, MT 3.8(1) Fede ra l Bldg. , 6 EW 4.18 U-296
Italena, MT NS

19F ?! 28 Helena, MT 5.0(1) Federal Sidg., 6 NS 1.0 U-297
Helena, MT EW

:
, 1957 03 22 San Francisco, CA 5.3 colden cate Pk., 11 S80E 0.65 A-015
t San Francisco, CA NIDE

1970 09 12 Lytte Creek, CA 5.4 Allen Ranch, 19 tioSW 0.572 W-335
Cedar Springs, CA S85E

1971 02 09 San Fernando, CA 6.4 Array No. 4 29 S69E 0.165 J-142
Lake Hughes, CA S21W

} Array No. 9 29 N21E 0.165 J-143
,

Lake Hughes, CA N69W

ff Array No. 12 24 N69W 0.165 J-144
| Lake Hughes, CA N21E
!
i

NOTES:?

, .

(1) Estimated by Kanomori and Jennings (1978)

! (2) From SWEC (1984) .

(3) California Institute of Technology reference number, TrlFunac and Lee (1973)

.
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LEGEND: EFFECT OF SHEAR WAVE
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SOIL RESPONSE ANALYSIS i
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!

! e SOIL MODEL .

'
!
|

e EARTHQUAKE RECORD DATA BASE |
1

'
.

'

1

I

'

!

i
;

:

'

84-41,217
_ _ - - - - - _ - _----_-_- - - - - _ , - _ - -



. .

.

.

TABLE 4-1 -

EARill468AME DATA BASE
FROM BWEC (1984) ,

.

Epicenter Cli
fpleanter Magnitude Olstance Racerd Recording

Year th Ray IocatJett m- _ 11 mil lie. I 21 _Elathtit.
1935 10 31 llelena, MI 6.0 6.6 B-025 ' Carroll College,

Helena, MI.

1935' to 31 Notena, MT 4.0(l) 5.8 . U-295 Federal aldg.,
llelena, MI

1935 11 21 llelena, MT 3.a(1) 5.8 U-296 Fede ra l Bldg. ,-

llelens, Mi

1935 11 28 llelena, MI 5.0(1) 5.a U-297 federal aldg.,
Helena, MI

1957 03 22 San 5.3 11.2 A-015 colden cate Pk.,
F ranci sco, San Francisco,
CA CA

1970 09 12 Lytle 5.4 19.2 W-335 Allen Ranch,
creek, Cedar Springs,
CA CA

A' ray No. 41971 02 09 San 6.4 28.8 J-142 r

Fernando Lake plughes, CA

28.6 J-143 Array No. 9'

j Lake Shaghes, CA
}

24.0 J-14% Array No. 12.

! Lake llughes, CA

i
1 -

NOTE $:
,

I (1) Estlested by Manamori and Jennings (1978)
i

i (2) California Institute of Technology reference number, Trifunac and Lee (1973)

] (3) From Table 7-2, SWEC (1984)

*

!

1

1

!
4

_ _
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TABLE 4-2- .

*

ROCK SITES
i

,

Date Station Code and Name _Mg _ Dist (km).

:

1) 10/31/35 U295 - Helena Feder. Bldg. (5.0) 6 -

2) 10/31/35 B025 - Helena Carroll Coll. 6.0 7

3) 11/28/35 U297 - Helena Feder. Bldg. (5;0) 6

4) 6/28/66 B037 - Temblor 5.6 (20)

5) 9/12/70 W335 - Allen Ranch 5.4 19

6) 1/12/76 PC175 - Cape Mendocino 5.2 27

7) 6/7/7,5 PC675 - Cape Mendocino 5.2 22

8) 8/1/75 CD875 - Oroville Dam 5.7 112

'9) 8/1/75 05875 - Oroville seis. Stat. 5.7 12

10) 8/6/75 J350 - (Johnson Ranch) 4.7 13

11)~8/8/75 J700 - (Johnson Ranch) 4.9~ 11

12) 8/8/75 6700 - Oroville #6 4.9 (5)

13) 9/27/75 8234 -~(Johnson Ranch) 4.6 (13).

14) 9/27/75 B234 - Oroville #8 4.6 (11)

15) 9/11/76 I142 - Somplago 5.9 6

16) 9/11/76 1139 - San Rocco '5.9- 14

17) 9/11/76 I132 - San Rocco 5.5 15
_

18) 9/11/76 I134 - Somplago 5.5 10

19) 9/15/76 .I159 - Somplago '5.0 11

20) 9/15/76 .I169 - San Rocco 6.0 19

21) 8/13/78 North Hall (Goleta) 5.1 (4)

22) 8/6/79 San Martin, C.C. 5.9 1

23) 8/6/79 (Gilroy #1)- 5.9 8

Gilroy #6

3/31/82 Mitchell Lake, 4.8
Aftershock
New Brunswick '

1/18/82 Franklin Falls Dam 4.7 ,

1/26/80 Livermore, CA
Morgan Territory
Park.

_
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ImeLE e=3

tanteneuant Moones CaussotaC0
,

aer, cate senta esume te esentro s assere neeeeeene sete Cementeene
h g g g I.artassanha heen h Bastanas f het g at emearelse stat een

1. 1935 10 31 neeens, es? 6.0 6 $=085 Carroes ceaseos, Lacosteme
mesens, set

,

2.= 193S to 31 neaeas, at e.0* 4 u-29S tesores seeg., L6eostene
sessene. at

3.= 1935 11 21 sessene, at 3.e* 6 >296 fecerse esse., Liesstene
sessoas, sef

'
4.= 1935 11 as sessene, at 5.0* 6 >297 feeeres sees., Lemostene

asesens, set

S.= 1957 03 at asa fremensee, 9.3 11 A-els
esseen este Ph.OA

Caers one anese
CA sea f remotees,

6. 1964 06 as portf 6eae. CA S.4 39178 e-es? Cnec essatammesa aeromatine see eersentensaes
arrey, teenaer screestste

7. 1970 og 12 Lytle Cream, CA S.4 19 ff=339 At sen nemen. scenene eserest
Ceeer morenge,CA

4. 1971 02 90 See formonse, 4.4 29 J*142 arrey Inc. 4 umstnerse Greaete heereen
CA tema magnes,CA

9.** 29 J.143 arrey so. 9, 9 ft of salty ame gravetty
behe alegmee, Ca rene swertyeng gremete

gam e se

10.** 24 J'14e Arrey es.12.
S-10 ft of seness 6ee est.resLate esegmee, CA overspens teamstene, een
pseenreto one sense

11.** 197S $1 12 Case sinnassano, 4.4 le PCal?S Case senseesses, Cresneseus frensassee
CA Petre8 6e, CA weseemse eenestone

t GreyWochei

13.** 197S 06 07 Case sceneseene, S.2 30 PC 475 Case seeneesene. Cretaceous f reneessaa
CA Petrelle, CA Wolosa6e esasetene

(9teyWese l

. . _ . .. _ _ _ _ .

13." 1975 00 et Orowe s es, CA S.7 11 89-e79.. trowsgee een Eartaf 8 0 s ese
Csees

14. 12 eG=479 drewlate See IIstave6eemos reek
Seleengraph Sea.

15.** 1975 00 06 Orova s se. CA 4.7 4 J-394 Janneen nemen 1e esters of eseemente
Af teraneet overty6ag greenstone

14. ** 1979 De et prove ele. CA 4.9 8 Je190 Jammeon aseen te essers of easemente
Aftershock overtying greenstens

17. 6 $*190 erewelee, CA seseeMie tremessene
CWS es. 6

14. " 1973 09 27 Orewalte. CA 4.6 11 J.23e Jeemesa aseen to esters of essessats
atteroneet overtyeng greenetene

19. 11 0 2'34 Grevi t se, CA smesseee greenstone
CBIG No. 4

20. " 1976 99 11 f reut e, stasy S.9 6 l*142 Seessage 403 treseeie 46esesens one
aftersames essenese, sestesses

Me enters eseaw serfees.

21. 0*139 See assee L6eestene

22. 1976 09 11 f rees t, Ita ly S.S 16 4*132 See Aseen Lessetens
aftersneen

2 3. ** 10 0*194 Seessese (DI tresosta samassene one
essemese. anste s s es
age esters notew surface.

24.** 1974 09 15 f reele. 8tely S.O 11 0-139 Seessege 183 f riese6e Ilesesene ens
aftersneen essens te. ensse s see

300 assers assow earfees.,

25. 1976 09 15 frist a, staty 6.0 19 8 149 sea assee Leasetene
Afterensch

4Cee-morth ess e s, f 6eer seat en eesseene26. " 1970 OS 13 $ ante Gereste, S.1 13 *
telete, CA entensene tareuen 83 f t

CA- ** of esse ses founsee en
ea ssetano

ceassemerste, esasstaae one
Cavete Cr.esesee nors a. 6Asanie

27. 1979 00 06 Ceyete Lane, CA S.9 3 Sp479

28. 16 01*e79 Se erer es.1, tensetene, onese, ame emert
esv6sen Cassege
unter fewer

29. 10 06*e79 Storer me. 6 Ceestemorete, senestens ans
eenveeers,EA sen se

Livermore * Genestene one onese30.** 1980 et to Leverence, CA S.2*S.0 11 =

moeten Teref tery - steestarse resore not
te rm evelleeses

31, 1982 41 le now eeseeensre e.7 8 * fremeten feste asse
t ag * e.4 3 See, at. eemseent

32. Stet 43 31- ese erwaeveen e.e 4 * #dtemell Lane me. anon
e 3.03Aftersness tem

- 3113:-
sesenetwee estisete er maaseers ans Jennense ti9?sse

*ee :.aone .. **..
_
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TABLE 4-4 .

SCALED ROCK OUTCROP RECORDS

fplcentral
Magnitude Scaling Recording Olstance Record .

Year- h 992 Earthevake Nes!g ML Factor ,_3te t lort fKal fdLestonent No . . .
,

1935 10 31 Helena, MT 6.0 0.271 Carroll College, 6~ [W 8-025
Helena, MI NS

1966 06 28 Parkrield, CA 5.6 0.446 Cholame-Shandon 39(7) N65W B-037
Array, Temi2 lor S25W,

1970 09 12 Lytle Creek,'CA 5.4 0.572 Allen Ranch 19 S05W W-335
Cedar Springs, CA S85E

1971 02 09 San Ferna'ndo, CA 6.4 0.165 Array No. 4 29 S69E J- 18e2
Lake lhsghes, CA S21W

,

1975 08 01 Oroville, CA 5.7 0.394 oroville Oas 12 M53W OS-875
Seismograph Station N37E

' '

1975 08 08 Oroville, CA 4.9 1.064 oroville, CA 6 S55E 6-700
Aftershock COMG 800 6 N35E

1975 09 27 Oroville, CA 4.6 1.452 Groville, CA 11 M90W 8-3241

Aftershock CMDG Mo. 8 S00E

1976 09 11 Friuli, Italy 5.9 0.307 San Rocco 14 MS l-139
Artershock EW

1976 09 11 Friuli, Italy 5.5 0.505 San Rocco 16 NS 1-132
Aftershock LW..

1976 09 15 Friuli, Italy 6.0 0.271 San Rocco 19 NS |-169
Aftershock EW

1979 08 06 Coyote Lake, CA 5.9 0.307 Coyote Creek 2 250' SM-879
San Martin, CA 160*

ClIroy No. 1, 16 320' Cl-879
Cavilan College 230'
Wa te r Towe r

Cl I roy 800 6 10 320' C6-879
San Ysidro, CA 230*

1982 01 18 New Hampshire 4.7 1.413 Franklin rails Dam 8 315' FR-182
(mb" %'4) Right Abutment 45*

'

1982 03 31
Miramichl, 80ew Brunswick . (mb= 5.0) 28'

4.8 0.750 Mitchell take Road 4 118' ML-382

>

% -,
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FIGURE 4-3
HORIZONTAL RESPONSE SPECTRUM

, FROM SOIL RES*3ONSE
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ANALYSIS: OUTPUT SCALED
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TA88.E 4-5

UIISCALED ROCK OUTCROP RECOROS

.

Epicentral
Earthquake Magnitude Distance Record Recording

yegg h . ggy -Name Ha. _ fkel flo. Ggajoonent _Jtta t Ioil._

1970 09 12 Lytte Creek, CA 5.4 19 W-334 S05W Allen Ranch
S85E Cedar Springs, CA

1975 08 08 Oroville, CA 4.9 6 6-700 555E Oroville, CA
Aftershock N35E CONG No. 6

1975 09 27 Oroville, CA 4.6 11 8-324 N90W oroville, CA
Aftershock SODE CDMG No. 8

*

1976 09 11 Friuli, Italy 5.5 16 !-132 NS San Rocco
Artershock EW

1982 01 18 Ilow Hampshire . 4.7 8 FR-182 315' Franklin Falls Dam
(eg = 4.4) 45' Right abutment

1982 03 31 Miramichl, New 8runswick 4.4 4 ML-382 118' Mitchell Lake Road
. (ab = 5.0) 28*

.

e

a

.
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.

! WHY UNSCALED PROCEDURE
,

! ISINADEQUATE

* FRANKLIN FALLS RECORDING UNLIKELY
| TO BE ON ROCK AND LIKELY TO BE .

AFFECTED BY GEOMETRY.
j * REMOVING FRANKLIN FALLS MAKES
| NUMBER OF RECORDS = 10 -

| INAPPROPRIATE FOR AN~ALYSIS.

5.'l (WESTERN EVENTS),* MEAN M =; t

! WHICH RESULTS IN 21% INCREASE IN
AMPLITUDE.

|
* EASTERN RECORDS HAVE VERY SHORT

! DURATION, HIGH FREQUENCY PULSE,
AND LITTLE ENERGY.

! * TOTAL NUMBER OF RECORDS = 12 -

; BARELY ADEQUATE.
;

_ _ _ _ _ _ _ _ _ _ __
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. TA0LE 5-1

Slit IIATCHE0 01100110 SUIIFACE REcoll0S ,

USE010 OEIERMINE RATIO OF VERitCAL 10 ll0R12000fAL RESPollSE SPECIRA

Scaling ,
Epicenter Factor- Scaled Peak Clf

gate ___ Epicenter Ma altude Recording Olstance to Accelyration at (4 Record
YSEE Offll 9tX L9GRLIBG HI EXEllBl_ 0 i hal_. Consonant M = 4.9$ _13 sI th No.8M
1954 12 21 Eureka, CA 6.5 Federal 6 419E 0.146 0.038 0.39 A-004

Duilding, $11E 0.024
Eureka, CA VERI 0.012

1957 03 22 San Francisco, 5.3 State ald ., 13 N09E 0.65 0.056 0.062 A-0169
CA San S88W 0.036

Francisco, VERT 0.029
CA

. .

Alexander 14 N09W 0.65 0.028 0.67 A-014
Bldg., San N8IE '.0300
Francisco, gagg,y 0.020

,
CA -.

1957 03 22 San Francisco, 4.4 Alexander 16 N09W 1.94 0.034 0.34 V-323
Bldg.Isco,San N81E 0.032CA
Franc UP 0.012
CA

City llall, 24 N26E 1.98 0.079 c.50 A-017
Dekland, CA 564E 0.049

VERT 0.031

1962 09 04 Northern, CA 5.0 Fede ra l is N79E 1.0 0.046 0.28 V-330
SIdg., SIIE 0.044
Eureka, UP
CA

, 0.013

1965 07 15 Southern, CA 4.0 Old Ald e 14 .E 3.26 0.189 0.69 V-331t
Rte., 5 0.134
Castalc, 00WW 0.087
CA

1970 09 12 Lytle Creek, 5.4 6074 Park 14 565E 0.572 0.081 0.32 W-334
CA Dr. , S25W 0.113

Wrightwood. 00Wel 0.031
CA

1971 02 09 San Fernando, 6.4 ,Old Ridge 29 N21E 0.165 0.052 0.53 0-056
CA Rte., N69W 0.045

Castalc, 00WN 0.026
-

N9ILE:
determined as the peak vertical acceleration dlylded by the average peak horizontal acceleration.1. Ratio a,/ag

2. Callrornia Institute oF Technology record nualser.in accordance with TrlFunac and Lee (19731.
.

G
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SHALLOW EARTHQUAKE EPICENTERS
WITHIN 200 MILES OF THE SITE

BEAVER VALLEY POWER STATION-LNIT 2
STONE & WEBSTER ENGDEERING CORPORATION
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Date Time Latitude Longitude Io g Source
*N 'W ()et)

08/17/1877 16:50 42.3 83.3 IV-V 3.2 CSR
.

04/09/1900 14:00 41.4 81.8 VI 3.8 APP

06/27/1906 12:10 40.4 81.6 V 3.4 APP

11/05/1926 15:53 39.1 82.1 VI-VII 3.4 CSR

09/30/1930 20:40 40.3 84.3 VII 4.2 Anna, Ohio

01/22/1932 41.1 81.5 V 3.6 APP

05/26/1955 18:09 41.5 81.7 IV-V 3.6 APP
,

06/29/1955 01:16 41.5 81.7 IV 3.6 APP

01/01/1966 13:23 42.8 78.2 VI 4.6 Clarendon

Linden

06/13/1967 19:08 42.9 78.2 VI 4.4 Clarendon

Linden

CSR - Central Stable Region
APP - Appalachian Plateau Province
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SHALLOW EARTHQUAKES WITHIN
200 MILES OF .

BEAVER VALLEY POWER STATION
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