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Docket No.: 50-412

APPLICANT: Duquesne Light Company (DLC)
FACILITY: Beaver Vallev 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 GSR
question on the adequacy of the BVPS seismic design. A summary of the applicant's
presentation is provided in Enclosure 3. The applicant preserted a statistical
analysis of the historic earthquake record to justify the use of the mean

spectra rather than the 84th percentile spectra. The araumerts were not

accepted by the NRC staff,

In developing representative site specific spectrum the applicant investigateo
several options.

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 amplify 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 gring to exceed
the BVPS design spectrum. However the NRC staff insisted on the applicant
showing the 34th percentile SSS since that has become the ac-epted procedure
in the use of SSS.

The following sucgestion were presented by the staff:
1. Calculate the SSS at the foundation of the critical structures by usirg

a statistical rock spectra amplified through a BVPS site soil column up to
the same elevation as the foundatinrs of the structures.

SaeeRiais BERREe



Calculate both the site matched and s2il amplified 84th percentile SSS.

Do an analysis ot 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 arquments for considering shallow earthquakes to be of no significance
influence to the seicmic 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,

ORIGINAL 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(s): 50-412

~ NRC PDR

Local PDR
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PRC System

LB3 Reading
Attorney, OELD
GWKnighton

Project Manager B. K. Singh
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Mr. Earl J. Weoolever
Vice President, Nuclear Construction
Duouesne Light Company

Robinson Plaza Buildirng, No. 2, Suite 210

PA Route 60

Pittsburgh, Pennsylvania 15205
Gerald Charnoff, Esq.

Jay E. Silberg, Esq.

Shaw, Pittman, Potts & Trowbridge
1800 M Street, N.W.

Washinaton, DC 20036

Mr. C. W. Ewina, Quality Assurance
Manager

Quality Assurance Department
Duquense Light Company

P. 0. Box 186

Shippingport, Pennsylvania 15077
Mr. R. J. Washabaugh

BV-2 Project Manager

Duquense Light Company

Robinson Plaza Building No. 2
Suite 210

Pittsburgh, Pennsylvania 15205

Mr. T. J. Lex

Westinghouse Electric Corporation
Power Systems

P. 0. Box 355
Pittshurgh, Pennsylvania 15230

Mr. P. RaySircar

Stone & Webster Engineering Corporation
P. 0. Box 2325

Boston, Massachusetts 02107

Mr. Glenn Walton
U. S. NRC
P. 0. 181

Shippingport, Pennsylvania 15077

i*~. Thomas E. Murley, Regional Admin.
U. S. NRC, Reaion I

631 Park Avenue

King of Prussia, Pennsvlvania

15229

Beaver Valley

Mr. H. M, Siegel, Manager Engineering
Beaver Valley Two Project

Duquesne Light Company

Robinson Plaza Building No. 2

Suite 210

PA Route 60

Pittsburgh, Pennsylvania 15205
Zori Ferkin

Assistant Counsel

Governor Energy Council

1625 N. Front Street
Harrisburg, PA 15105

Director, Pennsylvania Emergency
Management Agency

Room R.-151

Transportation & Safety Building

Harrisburg, Pennsylvania 17120

Mr. Thamas Gerusky

Bureau of Radiation Protection

PR Department of Environmental
Resources

P. C. Box 2063

Harrisburg, Pennsylvania 17120

BVPS-2 Records Management Supervisor
Duquesne Light Company
Post Office Box 4
Shippingport, Pennsylvania 15077
John A, Lee, Esq.

Duquesne Light Company

1 Oxford Centre

301 Grant Street

Pittsburgh, Pennsylvania 15279




Mr. E. F. Kurtz, Jr., Manager
Regulatnry Af€airs

Beaver Valley Two Project
Duquense Light Company

Robinson Plaza Buidling No. 2
Suite #210

PA Route 60

Pittsburgh, Pennsylvania 15205




Enclosure 1
UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON D C 20555

NOV 2 7 1984

}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 ARD DUCUESNE
LIGHT COMPANY

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

LOCATION: Room P-114

Phillips Building
Bethesda, Maryland

PURPOSE : To discuss unresolved issues concerning Geosciences Branch
SER.

PARTICIPANTS*: ﬁgg
B. Singh
L. Reiter
G. Giese-Koch
et, al.

Duquesne Liaht Company

J. 0'Neil,
et. al.

\

-

S ongh

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

cc: See 1ext page

*Meet ings beuv.veen NRC technical staff and applicants for licenses are open for
interested membors of the public, petitioners, intervenors, or other parties to
attend as observers pursuant to "Open Meetinag Statement of NRC Staff Policy",
43 Federal Reaister 28058, 6/28/78. Those interested in attending this meeting
shouTd make their intentions known to the Project Manacer, B. K. Singh, at
(301) 492-8422, by no later than December 6§, 1984.

$4 12070450



Site pependent 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. punt
b. Probability J., T. Christian
¢. Horizontal Spectra 'D. D. Hunt
d. Vertical Response Spectra D. D. Hunt
e. Shallow Earthguakes H. Archaya
3. Discursion All

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

® SITE MATCAHED ANALYSIS
® SOIL RESPONSE ANALYSIS



4-41,206

NRC ACTION ITEMS

EXPANDED EARTHQUAKE RECORD DATA
BASE FOR SOIL RESPONSE ANALYSIS

REVISED SCALING LAW

EFFECT OF VELOCITY CONTRAST ON
SITE MATCHED RESPONSE SPECTRA

RATIC OF VERTICAL TO HORIZONTAL
RESPONSE SPECTRA

SHALLOW EARTHQUAKES



METHODOLOGY

® EARTHQUAKE MAGNITUDE
® SCALING PROCEDURE
® PROBABILISTIC ANALYSIS

4-41,208



4. 41

DESIGN EARTHQUAKE

VI (MM)
4.75
4.95
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ATTENUATION RELATIONSHIP

LOGah = A + Bmp — 0.83 (R2+h?* — CR
B =205 FORmMp > 4.5
B =025 FORmMp < 4.5

84-41,211



SCALING LAW

FOR EASTERN UNITED STATES

EARTHQUAKES:
LOGah = 0.5A mp FORmMmp =2 4.5
LOGah = 025 A mp FORmMp < 4.5

FOR EQUIVALENT WESTERN UNITED STATES
EARTHQUAKES:

LOGah = 054 A M, FORM, 2 47
LOGaph = 027 A M, FORM, < 4.7

84-41,212
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SCALING

INPUT SCALING

M,"l”ﬂ" RESPONSE
SPECTRUM

- P ® P T 7”_ - -

SOIL RESPONSE

ol x s

SF 1s Scaune FAcCTOR

PROCEDURES

OQUTPUT SCALING

wﬂ'm l‘h“ RESPONSE
X SF —» corcTRM

— T T

SOIL RESPONSE




PROBABILITY ANALYSIS

P(A, & A; & Ay)
P(A))

P(A;|A))
P(A;|A; & A))

P(A)) » P(A]A) » P(A;]A &A,)

0.006 TO 0.011
0.0207

104/ (0.006)(0.0207)

104/(0.011)(0.0207)

0.81

0.44
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FIGURE 2-1

EPICENTERS & TECTONIC
PROVINCES WITHIN 200 MILES
OF THE SITE

BEAVER VALLEY POWER STATION-UNIT 2
STONE ¢ WEBSTER ENGINEERING CORPORATION
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RECURRENCE RELATION

LOGN = a-bm,

WHERE: N IS THE ANNUAL NUMBER OF EVENTS
FOR my, 2 A GIVEN VALUE

84-41,215



PROBABILITY ANALYSIS

P(A, & A, & A;)) = P{A,) * P(A;|A) * P(A;|A; & Ay)

P(A,) = 0.006 TO 0.0110
 P(A; | A) = 0.0207
P(A3| A2 & A1) = 0.5

P(A, & A, & A;) = 0.62x10* TO 1.14x10*

84-41,214



SITE MATCHED RESPONSE
SPECTRA

® EFFECT OF REVISED SCALING LAW
® EFFECT OF VELOCITY CONTRAST

84-4,216



__Date T
Year Month Day
1954 12 21
1957 03 22
1957 03 22
1962 09 ol
1965 07 %
1970 09 12
1971 02 09
NOTE:

Epicental
Location
Eureka, CA

San francisco, CA

San froﬁclcco, CA

Northern, CA
Southern, CA
Lytie Creek, CA

San farnando, CA

SITE MATCHED GROUND SURFACE EARTHQUAKE RECORDS

Magn i tude
et
6

5.3
h.4
5.0

4.0

5.4

TABLE 3-1

SCALED TO AN M, = 4.95

Recording
_Statlon
federal Bldg.,
fureka, CA

State Bidg.,
San fFrancisco, CA

Alexander Bidg,,
San fFrancisco, CA

Alexander Bidg.,
San Francisco, CA

City Mall
Oakland, CA

federal Blag.,
Eureka, CA

0Oid Ridge Rte,,
Castalc, CA

6074 Park Dr.,
Wrightwood, CA

Old Ridge Rte.,
Castaic, CA

Eplicenta!l
Distance

M) Component

6

13

24

(L]

h

29

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

NT9E
S1IE

NO9E
S8 W
NO9W
NBIE

NO9W
NBI1E

N26E
S6hE

NI9E
S1IE

3
S

S65E
S25wW

N21E
N69W

gsgllns_Lnglar
c aN.
(1984) 2
0.146 0.146
9.65 0.65
0.65 0.65
1.98 1.65
1.98 1.65
1.0 0.9%
3.26 2.
0.572 0.572
".165 0.165

ciy
Record

A-008

A-016

A-014

v-323

A-017

v-330

v-3in

W-334

D-056
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LEGEND VELOCITY (IN/SEC)

o= en enes QLD SCALING LAW. EQUATION 2-60 FOR

ALL MAGNITUDES FIGURE 6-9, SWEC
(1984)

NEW SCALING LAW
EQUATIONS 2-6c AND 2-6b

FIGURE 3-2
SITE MATCHED RESPONSE SPECTRA
EFFECT OF REVISED SCALING LAW

BEAVER VALLEY POWER STATION -UNIT 2
STONE & WEBSTER ENGINEERING CORPORATION



T —

1935

1935

9.

19

£957

1970

19n

NOTES:
Estimated by Kanomori and Jennings (1978)
From SWEC (1984)

()
(2)
(3)

10

10

11

"

n

21

28

22

12

Epicenter

N.l.n,, MI
Helena, MY
Helena, MY
Helena, MY

San fFrancisco, CA
Lytle Creek, CA

San fFernando, CA

ROCK OUTCROP RECORDS SCALED TO AN
USED 1O EVALUATE EFFECT OF SHEAR WAVE VEL

TABLE 3-2

ON SITE MATCHED RESPONSE SPECTRA

Magnitude

EER N
6.0
4.0(1)
3.8(1)
5.0(1)
9.3

5.4

Californis Institute of Technology reference number,

Recording
_Staglon

Carroli College,
Nelena, MT

federal Ridg.,
Helena, MIT

fedaral Bldg.,
Heiena, MT

feders! Bldg.,
Helena, MT

Goliden Gate Pk,
San francisco, éA

Allen Ranch,
Cedar Springs, CA

Array No.
Lake nughos.

Array No. 9
Lake MHughes, CA

Array No, 12
Lake Hughes, CA

= §.,95
1TY CONTRAST
Epicental
Distance
Component

6 W
NS

6 NS
W

6 W
NS

6 NS
(23]

n S80E
NIOE

19 SO5W
S85¢€

29 S69E
S2IW

29 N21E
N69W

24 NEIW
N21E

Trifunac and Lee (1973)

Scalli
factor
0.2n

3.26

0.65

0.572

0.165

0.165

0.165

ciy
Record

No.(1)
B-G25

u-297

A-015

W-335

J-142

J-143

J~1hh



VELOCITY (IN/SEC)

LEGEND:

- enen o ROCK SHEAR WAVE VELOCITY
OF 5000 ft/ sec.

—  ROCK SHEAR WAVE VELOCITY

OF 3000 ft/sec.

FIGURE 3-3
EFFECT OF SHEAR WAVE

VELOCITY OF ROCK ON SOIL
RESPONSE ANALYSIS
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MEAN SPECTRUM INCREASED BY 10%,.
FROM EVENTS SCALED ACCORDING TO
REVISED SCALING LAW-EQ 2-6

SITE MATCHED RESPONSE

SPECTRUM ADJUSTED FOR SHEAR
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001

002

0.2

PERIOD (SEC)

053

VELOCITY (IN/SEC)

FIGURE 3-1
SITE MATCHED RESPONSE
SPECTRUM: SCALED

BEAVER VALLEY POWER STATION-UNIT 2
STONE € WEBSTER ENGINEERING CORPORATION

NOTE:.
TAKEN “ROM PIGURL §-9 SWEC (1904)

FREQUENCY (MZ)



SOIL RESPONSE ANALYSIS

® SOIL MODEL
® EARTHQUAKE RECORD DATA BASE

s4-41,217



TABLE 4-1

EARTHQUAKE DATA BASE
FROM SWEC (1984)

Epicenter ciy
Eplicenter Magnltude Distance Record Recording
Year Mo, Day Location e . Akm) Ho.(2) _Slatlon
1935 10 3 Helena, NI 6.0 6.6 . B-025 Carroll College,
. Halena, Mi
1935 w n Helena, MT h.0(1) 5.8 . U-295% federal Bidg.,
lelena, MI
1935 11 21 Helena, MI 3.8(1V) . 5.8 U-296 federal Bidg.,
Helena, M)
193 N 28 Helena, MT 5.001) 5.8 u-2917 federal Bldyg.,
Helena, MI
1957 03 22 San 5.3 1.2 A-015 Golden Gate Pk, ,
francisco, San franclisco,
CA CA

19710 09 12 Lytle 5.4 19.2 W-335 Allen Ranch,
Creeh, 2:«r Springs,
CA

] 09 San 6.4 28.8 J- 142 Array No. §
bl fernando Lake llughes, CA
28.6 J-14) Array No. 9
Lake llughes, CA
24.0 J-1hYy Array No. 12

fLake Hughes, CA

NOTES:

(1) Estimarted by Kanamor! and Jennings (1978)

(2) california Institute of Technology reference nuatier, Trifunac and Lee (1973)
{3) From Table 7-2, SWEC (1984)



TABLE 4-2

ROCK SITES
Date Station Code and Name My Dist (km)
1) 10/31/35 U295 - Helena Feder. Bldg. (5.0) 6
2) 10/31/3% B025 =~ Helena Carroll Coll. 6.0 7
3) 11/28/35 U297 - Helena Feder. Bldg. (5.0) 6
4) 6/28/66 B0O37 =~ 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) €/7/75 PC675 - Cape Mendocino $5.2 22
8) 8/1/75 OD875 - Oroville Dam 5.7 11
9) 8/1/75 0S875 - Oroville Seis. Stat. $.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 I139 - 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 1169 - San Rocco 6.0 19
21) 8/13/78 North Hall (Goleta) 5.1 (4)
22) 8/6/7% 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 |




TABLE =)
CARTHQUAKL RECORDS COWS IDERED

Ret. | L. Eprconcre Record  Aecording Site Conditions
9 w0 » eiene, T 6.0 ° 029 Carroll College, Lissstone
e lena, WY
2.% W% w0 » nelens, W1 .o 6 29s fasers! Bieg., Lisestone
.iena, W
j.» "wIs N n e lena, N ¢ € 296 fecers! Blag. . Limestone
Heiana, W7
% W M Heiena, WY 5.0 L] Lot M Fagars) Bisg., Lisesione
e iene, WT
5% 1957 O = San Francisce, L ] " A~015 Goigen Gate M.,  Chery 0. el
cA Sen Fremcises, CA
6. 196 06 20 Parafinig, Ca 5.6 ”w) 037 Che | s - She oo Serpentine and serpent (nized
Array, Tesbior PO IGOL L8
1. W 9 2 Lytie Creex, Ca L) " w335 Allen Ranen, Granise Begrech
Casar Springs, Ca
[ B "wn e o San fernaneo, () » a2 Array 0. &, WRALNE RS raniLe Bedrock
= Lana maghes Ca
§.- » J=1a) Array . 9, 9L of Siiny and gravei iy
ke Mughes, Ca rand Overiying §ren:ce
Ol
10. % * FEAL Y Array . 12, 510 ft of 1anesii0e sebris
Lake mughes OWRriying MaNGLONe, COn~
19 ane she e
M. W »n 2 Cape Mandoc ino, LR . FC-1T5  Cape Mansec e, Cresaceous freoc scan
ca Petralia, CA VOICENIC SAngsLOne
raywachs |
12, 97 % o Cape menooc ine, 5.2 0 PC-475  Cape Wengoc ino, #ranc  scan
A Merrotis, G VOICAN I BAMOLLONe
)
1.° 197 0 0N Oroviiie, Ca 5.7 " .-Cﬂ ‘n-:uo e Carehfiil ses
W 2 08475 Odruviiie Das MeLaveicenic reck
B0 wmog raen .
1B.% 197 8 06 Qreviiie, CA . L] 3% Jonnson Ranch 10 smtars of sedimencs
Aftarshock ovariying greensions
16.% 1975 08 O Orevilie, CA .y L} J=700 Jennsen Ranch 10 sesers of sadiments
Aftsrsnock overiying gresnsione
L 6 #-100 Oroviiie, CA MEBGI0IC §reentione
CONG wo. 6
0w W 0 2 Oreviite, CA .“s " I Jomnsen Rzach 10 segers of sediments
Aftershoch ovariying greensions
" " $-234  Oreviiie, Ca mesaze ¢ greensiane
» CONG mo. &
X i-1a2 ] Trissaie |immsione snd
20° W % M :;;:n. iy i N © Baspiage (D) bidyespa "
260 meters Meiow surfece.
an =139 San Rocce Limesione
2. "ws » " Friuii, Iwaly 5.5 "% =132 Sen RocoO Limpatone
Afrersnocs
21 "w =108 Sameinge (D) Trisssic |imestone anc
SOIOBILE.  InsLaliee
260 seatars boiow surface.
. " (] ' ° Trisssic |imestone oo
. 1976 9 ::;:u'. ety 5.0 *» Sempiege (D) R i
: 200 serers deiow surface.
o W 09 8 :;mn. ity 6.0 " =169 Sen Recco L ines ons
ww
€ SR 1 mars, 5.1 " . --Og L LR Fioar siab on caissons
- - - X aau - Golews, axtend ing throwgh 13 o
o of $0i1 ane founced in
siitscene
! "W Goyete Lake, Ca N ? =379 Coyots Creek Congiomsrate, sendstons and
- - - ’ San Mariin, GA shaie
' cr-a” G wo. 1, Sandatens, sheie, and ohert
- . ...7'-'.'- Coiimge
water Tower
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1935

1966

1970

9n

1975

1975

1975

1976

1976

1976

1979

1982

1982

8§ 8 8 8 8 8 8 R 8 §

03

28

22

27

1"

n

15

farthquake Name
Helena, MY

Parkfield, CA
Lytie Creek, CA
San fernando, CA
Orovitle, CA
Oroville, CA

Aftershock

Oroville, CA
Aftershock

friuli, ltaly
Aftershock

Friuti, ltaly
Aftershock

Friuti, ltaly
AfLershock

Coyote Lake, CA

New Hampshire

Miramichi, New Brunswick

TABLE &h-%

SCALED ROCK OUTCROP RECORDS

Magnitude Scaling
e s factor
6.0 o.2mn
5.6 0.446
5.4 0.572
6.4 0.165
$.7 0.394
h.9 1.064
4.6 1.452
5.9 0.307
5.5 0.50%
6.0 0.2Mn
5.9 0.307
4.7 1.413

(mg= W .h)
4.8 0.750

‘sz 5.0)

Recording
_Stagion_

Carroll College,
Helena, MI

Cholame-Shandon
Array, Tembtior

Allen Ranch
Cedar Springs, CA

Array No. &
Lake Nughes, CA

Orovilie Dam
Selsmograph Statian

Orovitle, CA
COMG No. 6

Oroville, CA
CMDG No. B

San Rocco

San Rocco

San Rocco

Coyote Creek

San Martin, CA
Gilroy No. 1,
Gavilan College
Water Tower
Gilroy No, 6

San Ysidro, CA
fFrankiin Falls Dam
Right Abutment
Mitchell {ake Road

®

icentral
istance

39(7)

19

29

12

19

(1
NS

NG5SW
S25wW

SO5w
S85E

S69E
S2 W

NS IW
N3ITE

SS5E
N3ISE
SO0E

NS
Ew

NS
kW
W

250°
160°

320°
230°

320°
230°

Record
B-025
8-037
wW-335%

J=142

G6-879

FR-182

“l-!l?



0.01

003

o>
|
50

10

PERIOD (SEC)

5% DAMPING

VELOCITY (IN/SEC)

FIGURE 4-3

HORIZONTAL RESPONSE SPECTRUM
FROM SOIL RES®ONSE

ANALYSIS: OUTPUT SCALED

BEAVER VALLEY POWER STATION-UNIT 2
STONE & WEBSTER ENGINEERING CORPORATION
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TABLE 4-5
UNSCALED ROCK OUTCROP RECORDS

Eplcentral
farthquake Magn i tude Distance Recording
. Nawe s e Akm) _Station

Lytie Creek, CA 5.4 9 Allen Ranch
Cedar Springs, CA

Oroville, CA 4.9 6 Orovilie, CA
Aftershock COMG No. 6

Oroville, CA h.6 " Oroville CA
Aftershock CDMGC No. 8

Friuti, lealy 5.9 $ San Rocco
Artershock

New Hampshire 7 8 Frankiin Falls Dam
Right abutment

Miramichi, New Brunswick 4 Mitchel! Lake Road
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t-41,248

WHY UNSCALED PROCEDURE
IS INADEQUATE

* FRANKLIN FALLS RECORDING UNLIKELY

TO BE ON ROCK AND LIKELY TO BE
AFFECTED BY GEOMETRY.

REMOVING FRANKLIN FALLS MAKES
NUMBER OF RECORDS = 10 -
INAPPROPRIATE FOR ANALYSIS.

MEAN M, = 5.1 (WESTERN EVENTS),
WHICH RESULTS IN 21% INCREASE IN
AMPLITUDE.

EASTERN RECORDS HAVE VERY SHORT
DURATION, HIGH FREQUENCY PULSE,
AND LITTLE ENERGY.

TOTAL NUMBER OF RECORDS
BARELY ADEQUATE.
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TABLE 5-1

Yaar Ronth

1954 12
1957 03
1957 03
1962 09
1965 07
190 09
197 02
NOTLS:

22

22

15

12

09

SITE MATCHED GROUND SURFACE RECORDS

USED TO DEVERMINE RATIO OF VERTICAL TO HORIZONTAL RESPONSE SPECIRA

Epicenter
Location

Eureka, CA

San fFranclisco,
CA

San Francisco,
CA

Northern, CA
Southern, CA

éxll. Creek,

San fernando,
CA

ﬂ.zaltudo

6.5

5.3

h.h

5.0
5.0

5.4

6.4

Recording
_Statlen

But 14 1n
ng
Eureka, €A

State Bidg.,
San

francisco,
CA

Alexander
Bidg., San
fFrancisco,
CA

Alexander
Bidg., San
froaci.co,
CA

Clty Malt,
Oakland, CA

fedearal
Bidg.,
fureka,
CA

0ld Ridge
Rie. ,
Castalc,
CA

60% Park
bDr.,
Wrightwood,
CA

01d Ridge
Rte.,
Castalc,

fplcenter
Distance

29

19¢€
1E
VERY

NO9E
S81IW
VERTY

NBIE
NER/T

NBIE
up

N26E
S64E
VERY

NI9E
SIVE
up

S65E
S25u
DOWN

N21E
N69W
DOWN

Scaling
factor
Lo

H=14.9
0. 146

0.65

0.65

1.26

0.5712

0. 165

Scaled Peak
Accol,rotlon
.

—

0.038
0.024
0.0M2

0.056
0.036
0.029

ee
<
-
N

°°§ see

coe
-
D
-

sk

™
ar

0.062

0.67

0.3%

¢.%

0.69

0.32

0.5)

1. Ratlo a,/a, determined as the peak vertical sccelerstion divided by the average peak horlzontal acceleration,

2. Catifornia Institute of Technolegy record number.in accordance with Trifunac snd Lee (1973).

ciy

No, ‘)
A-008

A-D16

A-C1n

v-323

A-017

vV-330

v-in

W-334

D-656
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FIGURE 5-4
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A New Madrid Fault F Michigan Basin

B St Francois Uplift G Appalachian Uplift
C Wabash Val. Foult H Colorado Lineament
D Illinots Basin J Nemaha Uplift

E Cincinnati Arch K Ouachita-Wichita
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VERY SHALLOW EARTHQUAKES IN
THE CENTRAL UNITED STATES AND
PRINCIPAL SEISMIC SOURCE ZONES
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FIGURE A3-1

SHALLOW EARTHQUAKE EPICENTERS
WITHIN 200 MILES OF THE SITE

BEAVER VALLEY POWER STATION-UNIT 2
STONE ¢ WEBSTER ENGINEERING CORPORATION




Date

08/17/1877
04/09/1900
06/27/1906
11/05/1926
09/30/1930
01/22/1932
05/26/1955
06/29/1955
01/01/1966

06/13/1967

Time

18:

01:

13:

19:

:50

:00

:S3

09
16

23

08

Latitude

42.

41

40.
39.
40.
41.
41.
41.

42.

42.

CSR - Central Stable Region

APP - Appalachian Plateau Province

3

b

A

Longitude

oy

83.

81

81.
82.
84.
81.
81.
81.

78.

78.

3

Io
()

IvV-v

VI-VII

VIiI

Iv-v

o o

o

Source

CSR

APP

CSR

Anna, Ohio
APP

APP

APP
Clarendon
Linden
Clarendon

Linden

SHALLOW EARTHQUAKES WITHIN
200 MILES OF
BEAVER VALLEY POWER STATION




