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Earthquake Motoring at Nuclear Power Plant Sites

=gy’
Noh, Myunghyun

ABSTRACT

The porvision against earthquakes and aseismic design of nuclear power plants (NPPs) in
Korea are composed of four stages: site-selection, design, construction, and operation
stages. Since regulatory criteria are strictly applied in each stage, the NPPs in Korea
are believed to have a sufficient safety against maximum potential earthquakes. However,
it has been recognized that those regulatory criteria borrowed from U.S. should be replace
by Korea-specific ones by using earthquake data obtained from earthquake observation at
and around NPP sites. Also, the government made a plan after the Yongwol and the Kyongju
earthquakes that the regulatory body operates an independent earthquake network in order
to reinforce the earthquake preparedness of NPPs. In compliance with the government'’s
plan, this project is aiming at deployment of an earthquake motoring network composed of
four seismic stations at NPP sites to record earthquake ground motions at NPP sites, to
derive attenuation formulas of various ground motions and site-specific response spectra,

and to develop structural integrity assesment program.

1. A &

S dde] 23 oA A FALAE DA, dA ©2A, JH € 24 DAY
8o Z DA FA7EY 44T HRLR, AMHE Hol HAA M iy
BEe] glvh. Ty S 8 A ¥ FAEL w2 FE v[FY 7
3H glo] FAFA| A oA AAASZE BT, AFA 2R/ AAFE F7H7]
g7Ee st EFH g g FF A U olF AR dFAALANH

L2 FA FEIBAA SYHL2 AL FBSSEF AA Y ¥t girh

olE #l3te] 47 LARAE FHLE THH YujE Ze AMUARE ASSIIL o|ERH
43 LA B Tpite] He AXF ZHA R FALf SHAYEHS LS,
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olol mel ¥FAAI A &M (ol3t Jled ol )L I 47} LAER (e}, FB,
W, 44)8 JledS dAshe YA AABEY FHL AFstaen, 1998do] T2
R HY ANABHL9 edd AABEAE 3L GEYUE 9P U o BHA 4x
o A F2E AW B W AFAA L YF dAYOT +HY AYo|r},

& FASE AABZLE o) AR (2, 9P, 2P, 44) U
ol 1X1QTh  Z NWBZLols A AA MA(FBA EpiSensor) e} 715 (04128)7} A4 ],
dAl mel W Gy AABZLE FZo] $EW Aefolrt. el U YN BHAY XA

N 2 = .
N - T =
21 E(N) BE(E) 2% (m)
3 g 35° 20 | 129° 18° - Qb Ab & | Al il
o A 35° 43‘ | 129° 43° - Abdwiel | E7rE

2.1 A|AA AA

FBA EpiSensor MM AIANEEE AZsle 7/IGE AMEA Hojdy Hes +4g =+
2g *lg *05g 3 +0.25 g FollA MY 4 g9lony, &AL *£2.5V, £10 V
Single-ended £+ =*5 V, £20 V Differential FofA M=el& 4 gitv}. £z iviatel 23
s FFolA 0.2 g8 233t x7o] UAY BEL2 33| zonz AN Hrjudy He
g +05 gz dAstgen, ZYAALS JSAY AIAY ALY} SAY +20
Differential 8 43} cl.

FBA EpiSensor M 0.5 go] A 7tG ol thste] +20 Vo] Al &Yslnz AAY
RZEE 40 Vgolth  TaU ol& DC(0 Hz) Hiol thy SHEAHolW AM $YSALe =
upg=o] whel Walcl,  EpiSensor?] 3|47 S84, & 2u AY¥<(Transfer Function)
T(s)& tha3} o] 249 Polez2 EPH 4 Yt}

_ V()
) =40y

ky* Ry
(s = p)(s = p)(s — p3)(s — py)
s : Laplace %t 4=
by = 2.46X10", B, = 40 V/g

b1

b3 = -3290 + 1263 7 (Pole 3), p,; = -3290 - 1263 { (Pole 4)

W(s) : &9 A Laplace M, A(s) : g9 714 59| Laplace W3t
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Fourier G &dojA 2L & ALol= Laplace ¥ W4 & 27f(=iw)E X #31d ).
A= ke 4719 Poled] T TomZ FIlg 0 HzollA BY Ao 3 TOE 4
(=40 V/g)ojtt. A4 ke AANY UAEZAM Y Ji&EE HH(= 0.5g)o oj¥ &9 HY
(= 20V)8) wlolc}.

2d Addre= AES B3t 2 SHEELETE U A FHEELEAN A
A SHEAEATE 47y xolst vt RW AL AEI AA S IEHY Aol
0 - 200 Hz 3} HeolA +0.5 dBold, R Aol o4z A4 S ¢4 #
ol 0 - 100 Hz 334 HelollA +2,5° o]31 0 - 200 Hz 34 HeloAE 5% ot}

EpiSensor®} 3% wdr2 Q2 42¥A(Right-Handed Coordinate System)E& uwl=o,
X=channel 1, Y=channel 2, Z=channel 3% dAE o] Ut} A|2AH?&40] EpiSensorE X
oo X o 4o WS FHLE, Y FY 4 U¥S EFLoE, 11 I Fo ¢ W
g AFCR MdAYsPoEg 352 kel iy o= 17 13 Zrh

2] 1. EpiSensor®] 3=(X, Y, Z) %3 HAq gt NE=

2.2 7154

Q4128 7] EAl= ZFvi4Y(Very Broad Band; VBB) RABHE AA®OZA Sampling
TimebaseZ} WIAH 3 ~ 8 AG(HLAFA] A7AHF4e] HLE 8 2A1d ) 2|4t t]xjelo]#]
si7]2], 68030 FHEE ol &F AtgAel U 715X, AA|7H(Real Time) SHA AR, T3]
3l 0S9/680002.2 FAdxE o] olrt.  JIEA A o] Wed HAF(HY 12v Dc, AR
20)& FF3t= A/D olHE = X FH o).

Tz Elo] A ufF| o= 27§2] 24 bit A/D Board7} A&E|o] 9lom 2z} A/D Board:= 47]2)
2 do] A" 4 qlrt. EAAOSZ 3 & A/D Boardoll= Streckeisen, AG, STS-1/VBB E&
STS-28F 2 Huid MAM7 dA=H, thE T % A/D Boardol= ZRAA (IS =AY ¢y
7] MAet 22 B2 AAM7L dAF] AEHTE ¥z AR APS L] HAXNH &
A8l 3% 715 A(FBA ES-T)gto] dZ@Eo] glon ¥ Bl AU AAJZXL ¢3te] ¥
e AME 712 XY AYo|rl.
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ZNEAL A Brle] AMEEE ATAZE AFAAHAA $AE

+ GMT (Greenwich Mean
oaFd ol ARz el §
AELU 2129 =L Alfyo

Time)ol B2 92| Uzl Ao s #Haty ool 9 A2t
AXAEL 9%, A% 9 I=7} GPS UEHUIE E31Y
2 53 4l

Q4128 7] S Aloll= 24 bit A/D BoardZ} 27§ &= o] gith, A/D Board: A A AlA oA
A&Y AYANIZE 423 3t= Fulojtl.  A/D Boardd MEY &L= 32,000 HzolB g
Nyquist F¥pg== 16,000 Hzolth, 2L} 16,000 Hz oj4te] Ful4 HEo 2]ste WAz L=
ofldejo] 4 (Aliasing) E}E WR|317] $lste] HALAIZIL A/D Boardo] AYPE 7] Hof
Nyquist F3t4=2] 1/2¢] 8,000 Hz o] I HES AAS:E old21 133} ALY
(High-Cut Filter)E& #8322 A/D Board& E3lo] £x/3 H 213t 8,000 Hz o] 4
AZof ozt BRI 55 AR Yt MEY SE7) 32,000 Hzol AR Ax] EPFHE =2}
E+& 1,000 Hzolm o] ZH-¥ 500, 400, 250, 200, 125, 100, 50, 20, 10 @ 1 Hz At 2E A
Hyo 258 4 gk o4 aostd I 29 rh. of#e oM miAY &Y
2ol HA dARA AABFS YoM HEHE ABEUS e AT

Analog Digital

Data Data - Long period:

AJD Board 1 He

Differential oar

RAAA | 20V Anti-aliasing || [ Digitizer : Broad band:

4 A - 2 He

= Filter 32,000Hz

High broad
band: 100 Hz

I 2. AEZAe EA

n bit2] tlzxJElolA 7} Vel 4> 9l 4x}(Digital Count X Count)?] ¥l +2"'-q
olB® 24 bit2 Y tRelo|A I} BEAE F Ut £ HeE +8388607 Countojr},
A/D Boardo]l JHEE= Aol Wst £20V0]=ZE A/D Board?] "l ZHE(Sensitivity):
419430 Count/V(=8388607 Count = 20V)o|Tt}. A/D BoardE E3le 4xE HIUY 4 Q=
H4 Y, & MEE UAEY 9524 2.384 pvoltt. (AT ERE Ro] rhalo] Least
Signification Bit®] o}=}Ql LSBE AFE3I7|E ¥ch ) &, At +2.384 uVe 22 +12
U Hcfgho] oJRBTt 22 HYL 022 AL}

2.3 AZRA 4 s

A2 A AWM 2 A/D Boarde EF dFe] HE[0]RZ Laplace QoA o|E2HE &
¥ dYo FLHFE JF3 Zroh  ARSEE, A4 &HAY, A/D Board &Y Fho
Laplace W#g zZtzZt A(s), W), D()E EJ7|8t3 MA W A/D Boarde] AYILZ
T(s) ¥ B(s)Z 78, AIA A &Y AU 48 AANEEe} A Adgst4s
FolB® o2 Pl

V(s) = T(s) X A(s)
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V(s) e ©elE Voltolm XA Ao Adygs T(s)E Ay vt At AN &9
& C}A] A/D Board®] Qo] ERE A/D Board®] &¥-L& M &3} A/D Board YS9
Folct.

D(s) = B(s) % V(s)
= B(s) x T(s) x A(s)

D(s)8 wel:= (Digital) counto]m B(s)= A/D Board?] AW+ ZAM B(s) = 419430
count/Ve]t},

A AA AZH oz RY XNHENEEE ELste AL AV E A (Instrumental
Correction}o]2lil 3o, ol XZ7HA] 7l&d HXF Y FH ot

A(s) = Ts?%slf(—s)_
oA ALH AEIMEE A(s)E ot Laplace FHolA 2 Zholth A& uigt Zo
AAA DAY ALgFE A4t ot Fupgo] Uiyt gpolBR AA AHNMEEE 73
7] 818l A(s)oll ch3t Laplace &¥H #(Inverse Laplace Transform) AAlE $38s]of 31
th. 33Ul Laplace QHH-E Hxe] T2 OWE Fdlo] AUFHEER o] HTo] Ao} &
£¥ct 23y2E ASH AAARERE FA H AANAEKEEE FHSH] YA ok

EREsidets 3] ALY 4 s wWiel Wasith

AARA AAPEPlH AEHE AR F ME FWI Y £ AEE High Broad
BandE A 1%0f 100718 MEZTL 3= % Nyquist F3}%7} 50 Hzolt}, EpiSensor?] ZE A
HEHOZTNE 0 ~ 50 He7tA| 9] SHAHEHL Ao HHJ QJOeER 0 Hzo] IAF o2
HEY e IR R d FZo) ALY 4 olrh. 1 counte 2.384 pVolil Futg 0 Hzoll
A A DA A ALEUsE 40 V/go]BZ, 1 counte] Wde AIMEE, & FA 23
AL =L chE3 Zo] A

_ 2.384 4V /count
A(O) | to 1 count z 3830¥/§0unt

=5.9x10 "%g

1 g= 980 gal(cm/sec?)o]2Z 1 countit 0.0584 mgalel] sIHEHCT}. HoOF 1 gald 17,120
counto] 3 EHC},

3. AA=tRe #z2]

3.1 AAxtE AS
71ed] AJJZNE Y Zt A A JHAL Alo]o] ARAF2 BERE Tt o] Forh
olE ¢35t Zlede ANABZAE, e YW 4 AJUFLo Z4 3HHeT F 93
Ad S st AAARY FEE 7JEH2E TCP/IP Ethernet §4l& o] &3te o]
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FolA o] Ethernetol]l FAlAtolst A% 79 Serial BAILE tiAHrt. HAA o Serial
TAL AN UEFHL ALIZTHAY ol o) gt FAER] 2 AFHL Ethernet B4
o2 stute] - ¥ LAN(Local Area Network) 2B BEAbzol ZZulyl Hgglo] glomg
Tledy] AABZAEE BolA Ui FSY £ AUk wEtd RN AR BSLo) F
43517] $13ted= Serial FAlE o]&&jof 3ic),

Zledd AABFZAH HXH 370 AL F 2yHL g % 4 A
X ¥ Router2}2] Ethernet B4l ALo|rt. Umx| 13 A& Serial AL T A
2A0BHL ALZTIEAY FH 9 dFA o] AEEMW, Ethernet FAloll Aojrst
Z %ol Ethernet BA1& thAIgtct. Serial FAlE AZHHLE of= g A AHFZ2 9
Zulo] 2" Zlo] ol Wl Fulo] MY oE dZAH ] ALEHER, 130 1 o
14Y 4 Ut

7 g AR PELol AXH MY MM F 171 Ethernet FAlo) A2 EHM U
2] 2708] M3HHL Serial Falo] AMEHrl, Ethernet BA1& AIHL A AFZH 49
A A HAXH Routero]] AZAHTE AAFJZAME| oA A HUBZA2 Routero <3
Routeri= Q4128 7| = A 2] TCP/IP Ethernet L Eo] A& 4 Q& sfEc), w, 71EA
o &= Ethernet £ E 2l = M52 Serial FEE A E3IRE o|Xo] 1718 A3 o] a7
Hoh ueA] 171 AEIHE HLFFAA Y Serial TEo| AAF Fx HA W 4
A ofofl AHE-RH Lt

off i
B i
a0k 2 P

oo % r &

3.2 A AAtge] A

04128 71EAY 25 9 AEAee 7IGA UAH £4 LT EQ0] Multi-Sheard] ¢
sto AHoJE ™, Multi-Shear: SEED &FAlell wiz} A A=t2& =Ad3tct.  SEEDE Standard
for the Exchange of Earthquake Data®] olxlZA] #$£x] A Z2}E (Digital Seismological
Data)®] ZE&FH L& ¢I8te] FAH o2 AHUH AAXE 7] Ff4a]olr}

SEED &A1& 7|23 22 & (Header)®} A& (Data)E FAEE U 2R ANE &Fol7 ¢
stel SICiE AT Mini-SEED PN olvh. QAR MABETe WH AABZ L0l
Zledy AABFZAEZ ASHEe AJUARY $A2 Mini-SEED| T},

SEED el mpz} 248 & 2 F2dof whel SEED oA A3 FH o) wiel BR/E
o, o] EfFHS& SEED Y (Name)olg}x ¥tv}. SEED W-2 BGZ, HGE, BHV Sz} Zto] 3719 ot
spe g vetdn R Ha EAle HEY 5 W AAA A4 234 g Uehdd,
F s Exbe A-AA A FF/, A HA Exbe Al Heke Uebdc

2 YAFA AIFEFHANE £ 29} o] 371A] HelY 9G4E EN 4 AAUE4
oA AFEH dth.

X 2. (AFA AJBEYLZRY AZHE AAxE

SEED & 22 8 A4 o
HGZ, HGN, HGE High broad band, Accelerometer, 100 Hz
BGZ, BGN, BGE Broad band, Accelerometer, 20 Hz
LGZ, LGN, LGE Long period, Accelerometer, 1 Hz

_23_



21223 94 4ol 71edY XJAZHE ] xR =23 PCDRS/W3BEe] FE o] £F
o], Netscapel} Explorer$} Z& Internet Web Browser& o]|-&3t AR AEE 7issict, A =]
A2 EMAALE ASHA FEHA] dgtout 19999 14 24¥o ZUE ey Aol Uy
g 212 gl 19999 24 24 A ghultioll A A% AL ASULEA LARA AJAAZY
o] BHH L= dx - AFHo| HUHALL

FF QAR AJFEFYE B3t ASHE AAEE U AW /FHRVFY AR
o} ©A 3tite] dlolE] HolAR FAF o] AT JleH AIGFES £3o HELHT} o]
gle] EAFH o= x| (Earthquake Mechanism) 4, X]Z2& £ (Tectonic
Stress) w4 Fol=E ¥E&H + ddon, IR U J&dy dA ANAGHE HE =Hof of
g el el FEAREERE &Y £ rh

_24_



