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HXREEITEHLES 'HERMNEXEMEBSETITHLZ 2B TR, B
TR E » B {E3E B 5 4 4\ 5] (Stevenson & Associate, S&A) » W E % & g 45 1%
Hy 2E B RE oy A7 B2 2 A R T -

S F A4 /N 5] (Stevenson & Associate, S&A) A7 HY 1981 4 > &\ 5 AL R
5% [ O = TR AT AT HY B A T (Woburn City) » R B E A E TRERS A E 2
— ZSEK=T86F SN ERE - ZNFKHESESF = KINE HI
INE o S&A N E R B %L B W HEAY Power (nuclear and fossil) Structural
Engineering K Seismic 47T » #& & & Process J Manufacturing Industries A9 78
i > AR % XE H B #F Mechanical -~ Piping k. System Engineering #I Software
Development » 7R g it Valves ~ In-service Inspection Bl Testing J5 AV IR 75 -
S&A NFEIELAEEEM £ HEETIF » LR ERAE T BL T - ASME #)E
B R ] 75 %5 75 B (Boiler & Pressure Vessel code) [ - # BE & 5 s at 70 B K &5 1
M 72 B Ak 55 - FEAZ BE B BE s 5T R 7 75 H > S&A A B 1Y T Z & B 16 k8 ASME
Sec. Il FATIZAE— ~ R = SE BT T B 55 o i - B L HE&Er > B
BET R o A R AR R » AR ERBEKEEBEHEERN DMEA S REE RK M
%o NERR 911 FEF A E R Ak il ALV R L 2 2ok
B R TE 0 S&A I E AT A AN 177 B A R B AL BT 45 R A 7 B 3 R 75 R AH B Y
Mr B SR fh T F - B ¥E &5 F8 M8 o R BT Ah - o= i OR EE aR B 3R 3 i #2 (Site
Walkdown)% « 3% /% & @483 Dr. T. M. Tseng » ¥T 4 8 1T A PT 1T T % B
REF L el iR MR 0 £ " X —BIZE — B E N o - B
EMHESENKESR - B LEMGAIET oM - BRI E Bk 87 i 48 8
THSHZE —REGERAD ST A STFEBSBHEMTERREER  Th
AP 2 E M E - S&KA N HE H N 1984 F LI — B 37 Z F /4 = ¢ Vibration
Engineering Consultants, VEC » [ & 5 #} 1 22 (manufacturing) » #13 ZE {8 -
ok R~ BB FZE A H fth Vibration-Sensitive Facilities 418 5% -~ W92 & b = &% »
FZ fit Vibration Analysis & Design Services °

RE 100 4 3 H 11 HHARILZFARRKHAE 9.0 ME (HAE AW &
"SRR 23 FEEHJEH T RSEERHE ) SR EHEKE R K ER > S&A A H
ZEFTEEENAE " EEPRE —MTEZL 2Bt E - ZEZESE
A EERSHEHE > EENHELCTERNEMBENEE > FlaERKILES
Maine Yankee fZBEZE g SSE & 0.1g > {HFY 1982 4F 1 H 9 HIRIZE K 5.75
HIRE > R E M et A4 > BB ETHZE 75 M5 &= ( Seismic Analysis
Program ) o 554 » 5 [ M8 38 & A7 1Y 2004 4F 58 B35 B A B0 R B B M R i R
P s EZ_HENH YKEEREZHERLETNEE » BIFELHTE
EZ BT 7H {d 09 22 5 0 DR IGO0 3 W% 3 B R ¢4 5F {f ( Seismic Margin Assessment,
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OB AP B Oy B AR A T &Y H A BRI ES o IHF R AR T E 2 1% - R skE
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Wang fFeHZWAE > NMHEANEMHEBEE SRR > BFEE X TIEAM Mr. John
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GIMEREE - WH2E S&A N E &Fik - BRIFGZHE I EUEEMERER -

10718 H - EEi— = 12 § 8 | » EHAI
% 5H




JEEFE R/ VHE 2 S TAMH T TAF > T2t B R E b et (Seismic Probabilistic Risk
Assessment, SPRA ) I EE B SE(E ( Seismic Fragility Analysis ) ZE TAF | » 5] AMERH
(Seismic Margin Assessment, SMA ) S0 H B FE ZEE 7 BiA T DAGE& » HE—REBR A
R E TR RE L 2 AT - [ LS B A S UMZRE— KRR B » 2FH 1990 47 R
B R s A A AERE I E S IR R B o A TR > ISR R E R T 2
MR RR AR - R IBEZ I E 2 45F  FIFHERSHI B R e b % > sHMEEIEZ—RR
LERS VR -

H R T MERE R B RN Bk 12 - B E B RERE AR R R S AIA R > FEHE L
BB AR AR R b e R G T TR S AZRE BRI B - DU N ERSERE 2 a4 14y
M EIM:  [EERIERER e iR 72 BREENE MR EAHEE
AR P E R BB AT A (045 R - MIHEZHE BIE s TR » Haa SR
1T o MR =R RS RO FE A 2Bk 50 LR &R HREE—Frr o
HITFEHW REEE SRR O RE S [ B B O BE A RE M - Wi 2 Bt BB Je\ b 1y = B2 1A
Z o WA RS TR e

(—) HEGEESHT (Seismic Hazard Analysis )

(=) #ESIEMHT (Seismic Fragility Analysis )

(=) EAIMNFEF)5787 (Accident Sequence Analysis )

() JEfEE R (Risk Quantification )

Hrp o WG EE7HT(Seismic Hazard Analysis)AE EAFHETTHNE EE 220 TR TAF » HH
SRR B GHE AT Ry - DSBS TAER ST 0T 6 R A Rkt 3t BB R B S MBS » FH A
B M BEE DITHIH - (ERE B SRTHIR A A RE SR AU E - (EREEE ST 2B - 71
BEMETTIRMELTE - fy IR EE Y [EEFHE > ZRWH9CEN 2 B R B R i Y = R L 3
EERMN R S AR R AR > RSB EE T EAREE LR - BEHATET
eETHERE BRI 0L « SB4h » AR ERGTHERS - (£ E BB B - B -k 3k
JE BB HEREEARELAE R - IR TAZEDS SEAVEEIR - A B e st m b il S e A m -
T ARG SERaT VS S o] FHIESR i 4R Ry 3% » B AElE E il 2 IR G - el ey iE
RERIAOE ARG HIE « MBS IRME3 T (Seismic Fragility Analysis ) 22211 E 25 B — 455 EL
TCHAETEE 2 B S BTN HIRIEEESE - BRI BE 4SBT 2 B8 E (Seismic
Capacity ) Jz HEE M o SR T B H TR E S A ~ MEEREE ~ 2750 o258
FHRTREEHIRE&M: (randomness) K AWEE M (uncertainty ) o A g {nf FEHAS 1 SR S5 A 3T
EoEMag - SFIH T 280AE
¢+ Median Ground Motion Capacity, An,

¢+ Logarithmic Standard Deviation for Randomness, B,

¢+ Logarithmic Standard Deviation for Uncertainty, B,
DRTE LAihRE SR TSR 2B - $HEE ARSI HIFE LT R
Structures

Capacity
Strength (yield or ultimate )

Inelastic energy absorption

Response
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Ground response spectra

Foundation - structure interaction (including soil structure interaction, deconvolution &
incoherence )

Damping

Frequency

Mode shape

Torsional coupling
Mode combination
Time history simulation

Earthquake component combination

Equipment ( qualified by analysis )
Equipment capacity
Strength (yield or ultimate ) or test capacity
Inelastic energy absorption
Building structure response
Equipment response
Qualification method
Damping
Frequency
Mode shape
Mode combination

Earthquake component combination

Equipment ( qualified by testing )

Test capacity

Building structure response

Equipment factors
Response clipping
Capacity increase and demand reduction
Cabinet amplification
Multi-axis to single-axis conservatism

Broad frequency input spectrum device capacity

HhEE ZIEME AT e & S M# R A (Plant Logic Model ) B[RS (Fault Tree) - H& T HIE
R E\ % (Seismic Probabilistic Risk Assessment) 2Vl » B DAd B L WAL IR -
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M EE R tAETAL (Seismic Margin Assessment, SMA ) - 21T E F Ba (L i HE— M B 7@
TN ARE gL R E R - BRI EETUE AR - HA B AN EesneE &2 8k
S{EE{K{EZE 3 (High-Confidence-Low-Probability-of-Failure, HCLPF ) 7 &% A 32 028 &
PGA - HCLPF 2 HMHERTHVEE ARG MHE 553873 #7( Seismic Fragility Analysis )
BAMfE xR (Seismic Margin or HCLPF) #2458 RHE R 2MHE » IE 2 Z 2SRRI
ESEMES TR EHITEE 2w B - AU (Median) SOEEEAE

(Log Standard Deviation ) » [MfEE &R 1{E F—BE(dET o [EHREERL L ITEGRBARNERE
95%I(E KT > R FTREERIBAT K550 HCLPF » ERY MR/ VA 5% » W& DiE
PERET Ry 1% 0 ORSFAZFEARE T — MEAE s TR D o B i =Cm b A B B B A P 122
NETER B EE LB EMRSTINER » IiRKETE (Convolute) HEZHEMHEMEBERE

(Seismic Hazard) » (RISEfE AT H 2MBHEMER o MTZEARAREANHY 122 5 Y R E ERiEE
JEH 2 B LR Z KR st 2 (Safe Shutdown Earthquake, SSE) » i Hi BE R = 5%
B2 992 261 » FR#E U.S. NRC SZ{f NUREG-1407 [1] sHEFE£EHE (Review Level Earthquake,
RLE) HY#EETE &% - RLE AU R ERE 7] £k 1] NUREG/CR-0098 [2]H{E A K ERE (Median
Rock Spectrum ) » #%— il & 45 F8 55 B HLBE S a8 b o S KR N2 (Peak Ground
Acceleration, PGA ) HiJ{{#% U.S. NRC SRM to SECY-93-087, Page 7, Item 17 [3] :

"The Commission approves the use of 1.67 times the Design Basis SSE for margin-type assessment
of seismic events."

815 1.67 (5 ZSETHIE MR I - 1.67 % 0.30 g=0.50 g » RACEHEGE EEHE5E R -
it & U.S. NRC, Generic Letter 2011-XX [4] » ##{# FH Regulatory Guide 1.208 [5] GMRS -

EEIZEE BRI 2 # A R R E GBS RN RIS & - flIEREHRIL
b Maine Yankee %528 SSE /5y 0.1g » {HJA 1982 4 1 H 9 HRNIE AR 5.75 A= - &
MM TEAE - BERRIHETT Seismic Analysis Program © 5551 » SEEIHIVE AT 2004 52
AE R RS SR B R G E S R s o (R SR B X RE R B e F AR
FEwr e nt P BE PR TR IV 2 vy » (RIEZE M B e e Al - H B ER AL B (R Bk EPRI #s
NP-6041-SL revision [61{F ST R AR o FREIZEEERIE WML » FES IREEUEE -
EEEMEHEBIIEL T » DL SMA 5, SPRA HY4SSREHINEZ M o RFET AR LI
g s I EETE RyE —BUEBETE - KIERE 95 12 H 26 HINAFErFINEEAE 2 fERIEE 7.0
ZHIE I =ROHIER] 0.165g RIS - RfZRe ERGEE 30 ok AME - B s
JELEFAEE R - SR AKEEERIEGEEEHMEA - WEGERS /N EEERT
HEEMETTEN S » BEFEMEMEIVEER - Rk Ei - MR8 - A&
GRS AMERIRE NMIBEAERFIEA 2 IhEE - HACEZORRELERF 72 /NEf - FTH TR 2
EEATRHEYIE B R B B BB RO EE - g N B amieied) o sEhPkEESn
M R AR SRR A 52 HCLPF » RE(hIF 27 B Al EZ S EPRI NP-6041 #{E - H
HE N BHIE WG EE - 4\ BTG » DIMERTRIPTIRY Ve - iR AR
T Ry AT AR 2 35 ~ 4B S & RS PrEE e T H Rl LU T4 S 2 5T RS -
JREEET Mg S ERE AE Bt E B - MR SERS M se G 2 > WL B
FEEIMERE BN BHASHSH TIE- SR RITIRES GV » i DAB RS e
i o B & HMERHG/NH (Seismic Review Team, SRT ) FEfEHKEEH 2 8ffi ~ 4HIF R A4 &
&H B4 HCLPF » pffhiis <z AE QI e EPRI NP-6041 #77E ©

R TR R B Sl FRE— 20 T R e AT R R i ek e B
%) 476 (Uniform Distribution ) ~ #8843 ffi ( Normal Distribution ) ~ ¥}# 5 #8534 ( Lognormal
Distribution ) ~ {#{H457ffi ( Weibull Distribution ) ~ #E#847/fi (Logistic Distribution ) Ed5&fx S
53 (Johnson Sp Distribution ) o §1¥f DL 93 bR 8 2 #4525 & 24 8 ( Probability Density
Function, PDF ) DL E ZFfE k% ( Cumulative Distribution Function, CDF ) {EHEEZHH -
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(—) HEIM AR R A G ek B 2 (KB 1595 i < R S e B B AR
THAREESRA T ¢
0 ;x<a

PDF: f (x|a,b) = ;a<x<b

0 ;x>b

0 ;x<a
X—a

CDF:Pr(X<x)=F (x|a,b)= ;a<x<hb

0 ;x>b

Hrf o a B1b 3Rl REL s TR R - I R E I E u = (a+b)/2 o BEEE
o’ =(b-a)’/12 ° FIFHEE T 5 3 i R EHUES U, « U(0,1) B > B¢ Fortran F2=(HY
BLEUEA RS (Random Number Generator, RNG ) FAE& [ AFERMEEUE: - 5% @lE0 32 fi
TCERASA T R By 2.3x10" > BZHUEE A FH Rukhin SEE2A 2001 AR
HERAM -

(Z) Wi - R E BB R i EBIE A T

2
(x-4) } — 00 < X < 400

1
exp| —
o2 p{ 207

—o-\/lﬁ .[c exp{— (Xz_o_’tzl ) } dx

L S B C”) I P U S B PP
olon _J;exp{ = } du= T2n J;exp[ 5 } dé =(z)
HRR RS I E R 0 BRE RO

PDF: f (x| u4,0) =

CDF:Pr(X<x)=

(=) HEERIOM - BREEREEE BB AR BUE R -
0 ; x<0
PDF: fA(XI,ulog,O'log) = ;exp _M ; O<x<oo
O-logx v 2z 2O-l°g
0 ; Xx<0
. . z 2
CDF:Pr(X<x) = ;,, J‘ exp{—%}K:@(Z) ; 0<x<
g = InXx— lulog
O-log

B ECE BRSO MY S p=exp(uy, +o,/2) 0 T H BRI RRR
o’ = exp(alogz) X [exp(alogz) —1]xexp(2u,,) °
(P9)  {BE{E57#6 7y a~ b Hlc ={E28 > 73 H BAIE S8 (Location Parameter ) ~ LR
=]



28 (Scale Parameter ) EjFi{R£2 %) (Shape Parameter ) = {&{H 7 fffi Z R & E el E

B ZRE i e TR T
0 ; x<a
. _ . c-1 . c
PDF: f,,(x|a,b,c) = E(x_aj exp(—(x aj ) 0<ab.c<x
bl b b

0 ;x<a

. < = = — ¢
CDF:Pr(X < x)=F, (x|a,b,c) {l—exp(—(xba));0<a,b,c<x

EA [%]%Zlél’ﬂilzi’:jﬁﬂ:a%xr(prl) » H (x) £ Euler’s Gamma Function - 5 L8
C

o o(e2)

(F1) ZEEERTMG MR S ERE iR EUE R -
s 3
T (x-a }
ﬂ{ +exp{ ( 5 }

CDF: Pr(X <x) = F (x| @, ) =

PDF: f, (x|a, B) =

2
S T o > R 62 = B

3
(7))  58A% Sp ooffii © PR T REE ER ek BUEZAT T ¢
0 ; forx<a orx>b
PDF: f, (x|a,b,a,a,) = AL eXP{—l[al +a, ln(x—_a)ﬂ
B (x—a)b- XW 2 b-x
;fora<x<b
0 ; forx<a

X—a
b-—x
1 ; for x>Db

I LU EER S BV EE TR - bR T — Rt o rikae 251 - JRA] A Fortran 234

CDF:Pr(X <x)=Fg (x|a,b,a,a,) = d)[al+a21n( )} ;fora<x<b

ELFEEEES - AUl P o RAHER S E ST A FEIRVERER - 1 0 2 4 fYIERRAT R &
o o i = RZAR E R 2 ST A [RIHYFES{E - 1 0 21 10 A& Areg SRV B R 77 i -
PR HEUER Y 574 RlR e Sl = AR s By i R B ek - FRR—A%
IR L e B R B KR - ARy =y BE ATRE SR A A T Y ERE AR e 2
S ISR ST o AR SR AR EE AR (Simpson’s 2™ Rule ) MEfTHLERE 5 -
TR B (B EERR Y 774 » B — e\ T BRI

% 1H



15

Probability

Probability

Lognormal Distribution PDF
. (mean =0)
- ——— standard deviation = 0.5
- ——  standard deviation = 1.0
10 — ——  standard deviation = 2.0
0.5 —
—_—
0.0 I N N A A L B
0 1 3 4
Random Variable
el ~ B RGO
2.0
— Lognormal Distribution PDF
- (standard deviation = 1)
mean = -1
mean= 0
mean = +1
| | |
0 10

Random Variable

[ = ~ B R
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1= fdx
GRS E (MR RESHREAHD  RIEESE T. &
T, = %[f(a) +2f(x,) + 2f(x,) +---+ 2f(x,_, ) + f(b)]

Hrp > x=atih > i=0,1,...,n > h=(b-a)n - —f&IME > R TALEBIE G H B —Rep#o =
KRB IR E S R R

S, = %[f(a) +44(x,,) + 2f(x,,) + 4(x;, ) +- -+ 2M(x, ) +4f(x,_, ,) +f(x,)]

Hrh o x=a+ih » i=0,1/2,1,3/2,...,n-1,n-1/2,n » h=(b-a)/n - YEPUFF > FEHE 0 - fE4E 0.5
Z BRE ek - TR ] ks B BUE B iAE 0 21 5 AVIE PR AVAE SR - BRIk ETE
P ERE BTG - HET L R EAIE sk BRI S KRR /22 ] R
B ERVRT TS 1 MAFREETRSINEEAR - ESEEN G —R S E5RA
HECE B - FoatEwm A - MERE ~ 5= DU I ERH S 8E Fr iR S HI e
FONHEEME - BIR] e it S ia M Erh 4% -

FIFH B8R BB i 2 BEe - Al L &S R R = S B Hh 4% - fk#8 EPRI #H:
TR-103959[7] » JNA] S HIEA LT AR GHE SiEME4R - DI REER 1Y EKET R
R - HIO7A G oREEE R BB ERLEER - R —Frr » EEP o
@ AR - A RE A R EE - B NSRS B e -

T IR EHEE R BRI ek L

Oy

z F(z) 0.5 1.0 1.5 2.0 2.5
-3.0 0.001 0.22 0.05 0.01 0.00 0.00
-2.5 0.006 0.29 0.08 0.02 0.01 0.00
-2.0 0.023 0.37 0.14 0.05 0.02 0.01
-1.5 0.067 0.47 0.22 0.11 0.05 0.02
-1.0 0.159 0.61 0.37 0.22 0.14 0.08
-0.5 0.309 0.78 0.61 0.47 0.37 1.29
0.0 0.500 1.00 1.00 1.00 1.00 1.00
0.5 0.691 1.28 1.65 2.12 2.72 3.49
1.0 0.841 1.65 2.72 448 7.39 12.18
1.5 0.933 2.12 4.48 9.49 20.09 42.52
2.0 0977 2.72 7.39 20.09 54.60 148.41
2.5 0.994 3.49 12.18 42.52 148.41 518.01
3.0 0.999 4.48 20.09 90.02 403.43 1808.04

é\
P (a) = O(u)

Hrf o Pla) BERE B a HRSIER > O RBEREEE u VIR - hiithE Z BT
i PR TR RE O i P > BB B v BE B a ~ Pr8a ~ FEEEP HIR(R - TS
HROURE M > ARy
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1.0

0.8

Probability
o
o

©
~

0.2

0.0

1.0

0.8

0.6

0.4

Probability of Failure, Py(u)

0.2

0.0

Random Variable

[0 ~ S8 RE B ek L

=Dl 65
1 a=a
] a=3e-165p
/I
||||||||||||||||||||||
-3 -2 -1 0 1 2

Standardized Normal Variable, u

[ 71~ AR B R B T R B
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u = In(a/a)/p

It > FEREEIRE T r%a ~ FEEER > ATAEE T B a SR A EE & v BRI EM
{EHE u VRBIEER O () » 5551 > IRA]iRE B R

a=2-¢e"

HEARRAEC TR BASETR P T > LOBECRIGIER B =07 (Py) » BT ASKGAEES
JERVH 8 a - EEEMEFORAT > F 8 a B ORI RNNEE(E - e FEHE SRS
Y SSR IR - L ERFR—AYIERH BB BRI i R FEET AL » 95% ~ 50%EH 5% (5. LK 4E

(A1 0.05 ~ 0.50 B 0.95 Jeiéi ) Z IERLE R u 7351 /-1.65 ~ 0 81 1.65 » AILAIRF
=ETREAFR

a=a-¢" P (95% confidence )
a=1a (50% confidence )
a=a-e" (5% confidence )

Horp o fEAEZE B MR SHEME T PR S S e S VS R MM - A08L 95% ~ E.07K
AV R AR EREE & u 705 f-1.65 > [EFEIFRFZ W EE RN T - HeEERIEE
2 (High Confidence Low Probability of Failure, HCLPF ) A]ZER A

HCLPF,, = A, - 0P
Hr
B = logarithmic standard deviation for randomness

B = logarithmic standard deviation for uncertainty
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Structures A, B By HCLPF Failure Mode
1. Combination Structure 2.8 0.23 0.34 1.1 Shear wall
2. Emergency Pumphouse 3.8 0.28 0.36 1.3 Shear wall
3. Reactor Vessel Pedestal 5.6 -- -- -- Flexural failure
4. Reactor Concrete Shield Wall 7.5 -- -- -- Flexural failure
5. Torus Support Column 7.8 -- -- -- Machine bolts
6. Biological Shield Wall 8.0 -- -- -- Flexural failure

5 3 IR 6 MAEMEYIREE B E A T o Rt E SR RS R AR 2 2
A AHIFRNNERE (Peak Ground Acceleration, PGA ) ZRJN 3g » 554 » 5 1 THBH G458 55 81
5 2 HE TR E 2t E SR E G 28 > QRSB AR — SR VIFTR -

= M GRS R IR G S8

Median Standard Deviation | Standard Dev.iation Combined Value
Factors Strength Factor for Randomness for Uncertainty B.
Pr Bu
Strength 8.14 0.00 0.23 0.23
Inelastic Energy Absorption 1.15 0.02 0.01 0.02
Structural Response 1.00 0.22 0.20 0.30
Modeling 1.00 0.00 0.15 0.15
EQ. Component Combination 1.00 0.05 0.00 0.05
Horizontal EQ. Direction 1.00 0.00 0.00 0.00
Total F. S. 93 0.23 0.34 0.41
Appe= 0.30
Ground Acceleration Capacity An Br By HCLPFs5,
2.8 0.23 0.34 1.1
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Median Standard Deviation | Standard DeV'iation Combined Value
Factors Strength Factor for Randomness for Uncertainty B
BR BU
Strength 3.14 0.00 0.23 0.23
Inelastic Energy Absorption 1.38 0.08 0.06 0.10
Structural Response 2.90 0.26 0.23 0.35
Modeling 1.00 0.00 0.15 0.15
EQ. Component Combination 1.00 0.05 0.00 0.05
Horizontal EQ. Direction 1.00 0.00 0.00 0.00
Total F. S. 12.6 0.28 0.36 0.46
Appg= 0.30
Ground Acceleration Capacity A, Br By HCLPFs5,
3.8 0.28 0.36 1.3

(Z) MREENEUAZEE R 1990 F 2 iR A maat e - AR EHEEthEZEE

aHG AT E S RIS Y F
Condensate Storage Tank
Diesel Oil Storage Tank
Reactor Vessel Stabilizer
Reactor Vessel Support Skirt
Core Support Structure
Fuel Assembly
Air Accumulator for SRV and MSIV
Recirculation Pumps/Motors

Main Control Boards

A A S R o e

[a—
=

. Relay Logic Panels

[
—

. Control Room Ceiling

[a—
\S]

. Essential Service Water System HCC

HIESBEHE S8 BT AATR
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Equipments A, B By HCLPF Failure Mode
1. Condensate Storage Tank 1.15 0.51 0.33 0.29 Shell buckling
2. Diesel Oil Storage Tank 2.10 0.39 0.35 0.62 Shell buckling
3. Reactor Vessel Stabilizer 5.55 0.27 0.36 1.96 Stabilizer bracket
4. Reactor Vessel Support Skirt 1.22 0.27 0.36 0.43 Vessel to girder bolts
5. Core Support Structure 1.05 0.40 0.38 0.29 Shroud support leg buckling
6. Fuel Assembly 1.70 0.34 0.33 0.56 Collapse of fuel rods
7. Air Accumulator for SRV 0.79 0.37 0.48 0.19 Anchorage failure
8. Recirculation Pumps/Motors 1.77 0.32 0.35 0.59 Snubber failure
9. Main Control Boards 2.65 0.35 0.38 0.79 Functional
10. Relay Logic Panels 2.65 0.35 0.38 0.79 Functional
11. Control Room Ceiling 0.35 0.32 0.40 0.11 Celting component failure
12. Essential Service Water System 2.65 0.31 0.44 0.77 Functional

5 1 H2 AU FREELSE 2 THSUHAT A Z Pt 22 SR s PG 28 Aoy SRR AN/ Bl
RLATR -

TN~ B KT R E SRR 2 8

Median Standard Deviation | Standard DeV.iation Combined Value
Factors Strength Factor for Randomness for Uncertainty B.
Br By
Strength 3.84 0.00 0.21 0.21
Inelastic Energy Absorption 1.00 0.00 0.00 0.00
Spectral Shape 1.00 0.50 0.00 0.50
Damping 1.00 0.00 0.00 0.00
Modeling 1.00 0.00 0.16 0.16
Modal Combination 1.00 0.08 0.00 0.08
EQ. Component Combination 1.00 0.05 0.00 0.05
Soil Structure Interaction 1.00 0.00 0.20 0.20
Horizontal EQ. Direction 1.00 0.00 0.00 0.00
Total F. S. 3.8 0.51 0.33 0.61
Appe= 0.30
Ground Acceleration Capacity An Br By HCLPFs
1.2 0.51 0.33 0.3
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Median Standard Deviation | Standard DeV.iation Combined Value
Factors Strength Factor for Randomness for Uncertainty B
BR BU
Strength 6.90 0.00 0.21 0.21
Inelastic Energy Absorption 1.00 0.00 0.00 0.00
Spectral Shape 1.00 0.39 0.00 0.39
Damping 1.00 0.00 0.00 0.00
Modeling 1.00 0.00 0.19 0.19
Modal Combination 1.00 0.05 0.00 0.05
EQ. Component Combination 1.00 0.00 0.00 0.00
Soil Structure Interaction 1.00 0.00 0.20 0.20
Horizontal EQ. Direction 1.00 0.00 0.00 0.00
Total F. S. 6.9 0.39 0.35 0.52
Appg= 0.30
Ground Acceleration Capacity A, Br By HCLPFs5,
2.1 0.39 0.35 0.6
T\~ W — It R4 TR R s B
Structures An Br By HCLPFs, Br HCLPFcppm
1. Combination Structure 2.80 0.23 0.34 1.10 0.11 1.32
2. Emergency Pumphouse 3.77 0.28 0.36 1.31 0.19 1.52
3. Reactor Vessel Pedestal 5.60 -- - - - -
4. Reactor Concrete Shield Wall 7.50 -- -- - - -
5. Torus Support Column 7.80 -- -- -- -- --
6. Biological Shield Wall 8.00 -- -- -- -- --
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Equipments A Br By HCLPFs, Br HCLPFcppm
1. Condensate Storage Tank 1.15 0.51 0.33 0.29 0.47 0.31
2. Diesel Oil Storage Tank 2.07 0.39 0.35 0.61 0.34 0.67
3. Reactor Vessel Stabilizer 5.55 0.27 0.36 1.96 0.18 2.27
4. Reactor Vessel Support Skirt 1.22 0.27 0.36 0.43 0.18 0.50
5. Core Support Structure 1.05 0.40 0.38 0.29 0.35 0.32
6. Fuel Assembly 1.70 0.34 0.33 0.56 0.27 0.63
7. Air Accumulator for SRV 0.79 0.37 0.48 0.19 0.31 0.21
8. Recirculation Pumps/Motors 1.77 0.32 0.35 0.59 0.25 0.66
9. Main Control Boards 2.65 0.35 0.38 0.79 0.29 0.88
10. Relay Logic Panels 2.65 0.35 0.38 0.79 0.29 0.88
11. Control Room Ceiling 0.35 0.32 0.40 0.11 0.25 0.12
12. Essential Service Water System 2.65 0.31 0.44 0.77 0.24 0.87
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Conditional Probability of Failure

Conditional Probability of Failure

CSNPS Combination Structure Fragility Curves
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Conditional Probability of Failure

Conditional Probability of Failure

CSNPS Condensate Storage Tank
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Stevenson & Associates

CAPABILITIES & SERVICES OVERVIEW

Stevenson & Associates (S&A) has provided expert structural and mechanical engineering consulting
services to the commercial nuclear power industry since 1981. We are internationally recognized for
our extreme external hazard consulting, particularly seismic analysis and design. While these services
are premier areas of expertise for our company, S&A also provides a wide range of structural and
mechanical engineering consulting services.

Our capabilities and Services Include:

. Design Reviews and Audits

. Analysis and Design of Structural Steel, Reinforced Concrete and Masonry
= Piping Analysis and Qualification

=  Experienced Based Piping Qualification

= Piping System Sizing, Layout and Design

. Buried Piping Design and Analysis

=  Snubber Reduction Programs

] Failure Analysis: Fracture Mechanics and Fatigue

=  On-Site Field Engineering

- Systematic Evaluation and Upgrade programs

= Safety and Operability Evaluations

=  Vibration Monitoring and Evaluation

] Extreme Load Design

- Equipment Qualification: Seismic and Environmental

] Seismic and External Event Probabilistic Risk Assessment (PRA)
=  Services for Design Basis Threat (DBT)

S&A is headquartered in the Boston area with full service offices in Chicago and Cleveland, and project
offices in the greater Minneapolis and Hartford (CT) areas. S&A has over forty experienced engineers
with many possessing advanced graduate degrees from top technical universities. Over one-half of the
engineering staff has professional engineer registrations. S&A also collaborates with well-known
professors at leading academic institutions such as MIT, Stanford and the University of lllinois.

Our clients include most of the US utilities that operate nuclear power plants, architect-engineering
companies, US Department of Energy, US Military, and the USNRC. S&A also supports nuclear industry
groups such as owners groups and task forces, the Nuclear Energy Institute (NEI) and the Electric Power
Research Institute (EPRI). S&A'’s international clients include China, Korea, Taiwan, Argentina, Canada,

Hungary, Czech Republic, Russia, Holland, Switzerland, and South Africa. S&A has provided services to
international agencies such as AECL, CNSB and IAEA.

S&A administers an Appendix B (10CFR50) Quality Assurance (QA) program for safety-related work
which is audited and certified by NUPIC. S&A has been performing QA safety-related work for the
nuclear industry since its inception in 1981.

www.vecsa.com + Boston + Chicago -+ Cleveland -+ Minneapolis




Stevenson & Associates

CIVIL-STRUCTURAL ENGINEERING SERVICES

Stevenson & Associates (S&A) has extensive experience in the evaluation of buildings, structures, and
mechanical and electrical systems for the effects of extreme loads resulting from both natural and
manmade phenomena. In addition, S&A has Project Management Capability to build dedicated teams to
develop the complete design/modification package from design through implementation. Our skill set
includes the analysis and design of steel, concrete and masonry structures.

The S&A Civil-Structural Services include but are not limited to the following:

= Extreme Load Design (Seismic, Tornado, Wind/Hurricane, Blast)

= Flood

= Impact Analysis

= Explosions

=  Soil-Structure Interaction (SSI) Analyses

= Seismic Fragility and Probabilistic Risk Analysis - Seismic Margin & SPRA
= Structural Analysis - Linear & Nonlinear

= Analysis and Design of Structural Steel, Reinforced Concrete and Masonry
* Finite Element Analysis Capabilities

=« Equipment Qualification

= Expert Consultation

Extreme Load Design
S&A is a world renowned consulting firm in analysis and design for natural phenomena hazard for
structures, systems and components (SSCs). Services range from analyzing and designing SSCs for

seismic, wind and pressure loadings to developing computer models and performing dynamic
response analyses.

Soil-Structure Interaction Analysis

S&A has been in the forefront of SSI analysis for over 25 years. S&A has conducted safety-related
analyses for numerous clients and for design basis applications using the SASSI™ and EKSSI™ codes.
S&A maintains and markets these codes throughout the world for resale with QA validation and
verification. S&A’s SuperSASSI™ code is the first commercially developed PC-based SSI code developed
for the general market.

Seismic and External Hazard Probabilistic Risk Assessment (PRA)

S&A is a highly experienced consultant in the field of seismic and external hazard PRA. S&A remains
active in this field providing these services around the world on an ongoing basis. S&A has performed
more seismic PRA’s and teaching seminars than any firm in the US and maintains the same staff that
performed the work for IPEEE in the 1990’s. S&A has also performed many Seismic Margin assessments
in compliance with IPEEE requirements.

www.vecsa.com -+ Boston - Chicago - Cleveland - Minneapolis




Steel and Concrete Design

S&A provides structural design services to numerous clients with complete capabilities ranging from
plant modifications to complete building design services and professionally sealed design drawings to
conform to national and state codes.

Linear/Non-linear Structural Analysis and Finite Element Method (FEM) Modeling

S&A routinely performs all manner of structural and FEM modeling for complex structures, systems and
components. Evaluations involve both static and dynamic analysis for both linear and non-linear
systems. Loadings involving pressure transients, blast, natural phenomena and fluid loads are just
some of the engineering problems S&A has addressed. S&A maintains a stable of QA verified and
validated computer codes for such analysis purposes inciuding ANSYS™, ADINA™, GTSTRUDL™,

PDSTRUDL™, SAP2000™ and many of its own codes developed in-house such as SPECTRA™ and
EDASP™.

Equipment Qualification

S&A provides qualification services for all types of mechanical and electrical equipment. S&A is
conversant with ASME Appendix N, and IEEE 323 and 344 Standard requirements and maintains
membership (and chairmanship for App. N) in these same committees. S&A performs deiailed stress
analysis for components including stress reports, modeling, in-situ modal testing for frequencies and
mode shapes, and anchorage analysis and design.

Expert Consultation

S&A provides expert consulting services to clients in need of counsel and as representatives when
meeting with reviewing and regulatory agencies.




Stevenson & Associates

PIPING ANALYSIS CAPABILITIES

Stevenson & Associates (S&A) has extensive experience in all aspects of Piping System Design,
Analysis, Qualification and Field Implementation. The S&A Staff specializes in providing expert
consulting services and engineering capabilities for complex design issues. In addition, this staff has
Project Management Capability to build dedicated teams to handle the complete package from design
thru implementation.

= ASME Piping Design & Analysis

= ASME Boiler and Pressure Vessel Code Consulting

=« Component Support Design and Analysis

= Mechanical Finite Element Analysis Capabilities

« Vibration Testing, Monitoring, Analysis & Design - PCMODAL, PCODS, PCMONITOR

ASME Piping Design and Analysis

S&A performs ASME Class 1, 2 and 3 Code compliance piping analysis and design for many nuclear
power plants in the US. The services range from modeling, thermal, mechanical (water hammer),
pressure, seismic and other dynamic loadings to full certified design including certified design
specifications and design stress reports. S&A is also fully fluent in ANSI B31.1; B31.3 & B31.7 design
code requirements. S&A maintains numerous QA verified and validated computer codes including
PIPESTRESS™, ADLPIPE™, CAEPIPE™, PDSTRUDL™ and its own GUIPIPE™.

ASME Boiler & Pressure Vessel Code Consulting

S&A provides expert ASME code consultation for Section lil, Section VIII and Section XI compliance. S&A
has analyzed and designed piping, valves, pumps, heat exchangers, tanks, vessels and other pressure-
retaining components to code requirements. S&A’s senior engineers have certified qualifications in
ASME N626.3 and Appendix XXIll. S&A is also expert in Class CC and MC code compliance. S&A
personnel participate and sit on numerous ASME Code Committees including the main oversight
committee for Section Ill.

Mechanical Finite Element Method (FEM) Evaluation

S&A performs all manner of FEM modeling for mechanical components, subcomponents and fixtures.
Evaluations involve both static and dynamic analysis for both linear and non-linear systems. Loadings
involving pressure transients, thermal transient and dynamic including seismic and fluid loads. S&A
maintains a stable of QA verified and validated computer codes for such analysis purposes including
ANSYS™ ADINA™, GTSTRUDL™, PDSTRUDL™, SAP2000™ and many of its own codes developed in-
house such as SPECTRA™ and EDASP™.

Vibration Testing and Monitoring

S&A maintains a mobile laboratory of testing equipment for purposes of obtaining modal, forced
response and ambient signature vibration levels. S&A performs low impedance, modal testing for the
purposes of establishing characteristic frequencies and mode shapes, operating deflected shapes for
rotating equipment, and vibration monitoring setups for measuring ambient and problematic vibration
levels in equipment and piping. S&A provides analysis services and remedial designs using its own
codes: PCMODAL, PCODS and PCMONITOR.

www.vecsa.com - Boston . Chicago -+ Cleveland - Minneapolis




Stevenson & Associates

PIPING SYSTEM VIBRATION MONITORING
& REMEDIAL DESIGN

Stevenson & Associates (S&A) has been providing vibration measurement, analysis and design services
since 1983 for numerous utilities and agencies. Services include modal testing and analysis, operating
deflected shape measurement and analysis, ambient vibration determination (measurement), and long-
term (semi-permanent) vibration monitoring for both in-containment and balance-of-plant piping and
equipment systems. S&A also provides detailed analysis and remedial design services to mitigate and
reduce vibrations.

S&A developed a methodology that addressed unacceptably high, flow-induced vibration levels for a
main steam line outside of containment. The vibrations and associated loading have resulted in
damaged supports, support hardware, support anchorages and insulation during plant operation.

S&A monitored the vibration levels in an attempt to quantify the level and frequency content of the
operating vibrations. A new design concept using vibration dampers manufactured by GERB was
employed for the main steam lines. The existing lateral and longitudinal restraints including snubbers
were removed in favor of GERB dampers. New, nonlinear piping models were developed to achieve the
desired reduction in vibration levels and yet meet the loading combination requirements including
dynamic loads (seismic and water hammer).

Excessive Loads
caused this Support to Fracture

GERB dampers Installed

www.vecsa.com + Boston - Chicago - Cleveland - Minneapolis




Stevenson & Associates

BURIED HIGH DENSITY POLYETHYLENE (HDPE) PIPING

Development of Design Methodology

As principal investigator for this EPRI (Electric Power Research Institute) sponsored project, Stevenson &
Associates (S&A) have been pioneers in developing the methodology, design and licensing of High
Density Polyethylene (HDPE) piping to replace corroded and degraded buried low carbon steel ASME
Class 2 and 3 piping systems in commercial Light Water Reactors operating within the United States.
Due to the advantageous cost and durability of (as demonstrated in other commercial industries), it
was concluded that ASME code inclusion of HDPE piping was logical. Historically the ASME Code has
not actively supported non-metallic piping in power plants. However, it has been successfully used in
commercial applications such as water mains and natural gas pipelines. S&A developed a methodology
that addressed all applicable failure modes including allowable stress and strain limits and design
criteria for HDPE pipe in nuclear power plants. The methods included comply with ASME Power Piping
Code, B31.1-2004 and Section Ill of the ASME Boiler and Pressure Vessel Code. Extensive use was
made of industrial research, data and experience over 40 years of use of high-density polyethylene
niping. Allowable stresses are based on data published in these sources for Design and Service Levels
A-D.

HDPE Pipe Testing Program

S&A also designed and implemented a testing
program of several HDPE components to supplement
the body of data available for this piping. S&A
selected the laboratory performing the testing for
tensile  strength, fatigue-induced stress, and
developed stress indices as a result of these tests. In
addition, S&A commercially dedicated a vendor to be
an acceptable material supplier to supply test
materials and specimens for this test program. S&A
developed a test plan for tensile testing and fatigue
testing under a formal quality assurance program
compatible with 1SO-9000. The test plan met the
requirements of ASME Il Appendix XXIll and included
a detailed description of the each of the testing tasks,
detailed definition of data recoding tasks and the
associated data recording sheets, definition of the
data reduction to be conducted, the method of results
presentation, and development and verification and
validation of any computer software to be used in the
data reduction process. HDPE Pipe Testing Program
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The testing included the development of
full range stress-strain properties of the
HDPE piping at four temperatures for
both new and thermally aged conditions.
The testing also included fatigue testing
of fusion butt welded HDPE pipe and 5
segment miter elbow joints. The data
obtained was used to determine the
frequency of the cycling effect on fatigue
life and Code acceptable piping stress
intensification factors (SIFs). Both an
ambient and elevated temperature set of
tests were run.

HDPE Pipe Testing Program

The results of the tests were used to identify the controlling frequency for cyclic fatigue. With this data
S&A developed Code acceptable piping stress intensification factors (SIFs) for fusion butt joints in
accordance with the guidance of the ASME Boiler and Pressure Vessel Code, Section lll, Division 1,
Appendix Il, Article il - 2000 and created the S-N curve that can be used for design in the ASME BPVC,
Section HI, Division 1.

Implementation of Replacement Piping at a Nuclear Power Plant

S&A implemented the methodology by authoring “ASME Code Case N-755, High Density Polyethylene
(HPDE) Buried Pipe, Section I, Division I, Class 3", Revision 0, dated March 22, 2007. Using this code
case S&A conducted the detailed design calculations for the “first-of-its-kind” replacement of eight
buried carbon steel piping systems for Duke Power's Catawba Nuclear Station. These designs are
currently scheduled for installation at the site in the near future.




Stevenson & Associates

HIGH ENERGY LINE BREAK (HELB)

Stevenson & Associates (S&A) has performed complete engineering designs for nuclear plant sites to
deter and withstand High Energy Line Breaks (HELB) that have been imposed by NRC Letter to Nuclear
Power Plant Licensees dated December 1972 (a.k.a. Giambusso Letter), SRP sections 3.6.1 and 3.6.2,
and/or ANSI 58.2. As such, S&A has participated in conceptual designs, performed walk downs to
determine vulnerabilities, and executed designs to withstand postulated effects of a line break such
that the plant can be operated or shut down safely.

S&A has performed complete assessments the effects of line breaks include: pressurization of
compartments; temperature gradients; humidity; jet forces; pipe whipping; missiles; internal flooding;
etc. The protection from line breaks include: capacities of structures; pipe supports; pipe whip
restraints: protection of plant equipment, maintenance of HELB boundaries or barriers; equipment
environmental qualification; internal flooding control; etc.

Consulting services include:

= Performance of plant walk downs.

« Determination of HELB paths and compartment volumes.

« Analysis of piping systems.

= Structural analysis of HELB boundaries.

= Evaluation of structures/components for jet forces or pipe whip effects.

= Evaluation/Design of pipe supports and/or pipe whip restraints.

= Development of HELB boundary control and surveillance procedures.

« GOTHIC ™ Analysis for compartment & sub-compartment response to high energy line breaks.
« RELAP™ Analysis for transient simulations during postulated accidents.

« TRACE ™ Analysis for 3D Thermal-Hydraulic accident assessments.

Turbion & Resctor Aux Buldings -

Compartment pressure
flow model
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Stevenson & Associates

SERVICES FOR DESIGN BASIS THREAT (DBT)

Stevenson & Associates (S&A) has performed complete engineering designs for nuclear plant sites to
deter and withstand design basis threats (DBT) that have been imposed by 10CFR Part 73. As such, S&A
has performed walkdowns to determine vulnerabilities, participated in conceptual designs, and
executed designs to withstand postulated malevolent acts of terrorism against nuclear power plants.

Areas of expertise include detailed blast analysis, evaluation of facilities and buried utilities to blast
effects, design of vehicle barriers and gates, missile impact, and design of blast and bullet-resistant
facilities and enclosures. S&A has performed complete site DBT engineering projects from the
conceptual design phase through on-site construction management of the new installations. S&A has
implemented these DBT designs for more than 10 nuclear plant sites.

Consulting services include:

Blast Evaluations (TNT, ANFO, H))

Determination of Minimum Safe Standoff Distance (MMSD)
Vehicle Impact, Barge (Ship) impact

Intake Structure Hardening (waterfront defenses)

CAS Hardening

Facility Hardening

Gate and Barrier Design

Tower Design

Ballistic-Resistant Enclosure Design

Cratering Analysis

B5B Evaluations

Communication, Alarm, Detection, Surveillance Systems
Construction Management

Perimeter Design, Delay Obstacles

Ballistic-Resistant Enclosure being installed
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Stevenson & Associates

SEISMIC & EXTERNAL EVENT
PROBABILISTIC RISK ASSESSMENT (PRA)

Stevenson & Associates (S&A) has provided seismic and external event Level 1 and 2 PRA services for
nuclear power plant assessment of core damage frequency and large early release frequency since
1991. The majority of seismic PRAs performed in the 1990s for compliance with the requirements of
IPEEE (Individual Plant External Event Examination) and NUREG-1407 are performed by S&A. S&A has
been involved in numerous international SPRAs as well. S&A has provided SPRA consulting services for
FPL, Entergy, OPPD, Xcel, and Dominion plants, and the Department of Energy and the US Military
among others.

S&A provides the following services in support of SPRAs:

= Walkdowns to categorize, screen and collect engineering information in support of fragility
determinations

= Calculations of equipment fragilities using Separation of Variables (SV) and Conservative
Deterministic Failure Method (CDFM) approaches

= Development of seismic (and external event wind) fragilities including CDFM (HCLPF) and
median capacities and associated variability’s

= Quantification of seismic risk to determine Frequencies of Core Damage (CDF) and Large
Early Release (LERF) using in-house and commercially available software tools

« Determination of major contributcrs to seismic risk at the system and component level

S&A is also performs numerous Seismic Margin studies for its clients in accordance with EPRI Report
NP-6041. S&A has performed Seismic Margins studies for Exelon, Entergy, FPL, NMC, First Energy,
NPPD and Constellation plants among others.
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