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The Structural Integrity of Spent Fuel Storage Casks

under Seismic Events

ABSTRACT
By
Jien-Jong Chen

This report describes the seismic analyses performed and results
obtained for the independent spent fuel storage installations (ISFSI) which
could be constructed at the Taiwan Power Company Chinshan Nuclear
site in the northen region of Taiwan. It described the seismic-alaysis
bases, methodology, models, and cases considered in the design analysis
phase and presents the design load envolpes, design values of maximum
response accelerations for ISFSI seismic analysis.

The simulation of the seismic behavior and verification of the
structural integrity of Holtec’s HI-STORM 100® free standing
independent spent fuel storage installations under extremely seismic
loading conditions is executed.

The time-history is generated by STARDYNE® from design
earthquake of safety shutdown for ChinShan’s Site. Then, the dynamic
soil properties under seismic loading are calculated by SHAKE91®. The
soil-structural interaction of pad with ISFSI is study by using the NRC
generally accepted SASSI program with employing the dynamic soil data
obtained from SHAKE91. The dynamic behaviors of Holtec’s free
standing storage cask are analyzed with envolped maximum time-history
which obtained from SASSI® by using ANSYS/LS-DYNA®, a famous
explicit code for nonlinear dynamic simulation. The various coefficients
and seismic input level are also studied.

From the above analyses, the storage cask will slide but not



collide to the neighboring cask under two types of cask arrangement
during medium and highest seismic input level, and the overturning will
not occur while exetremely seismic conditions. Such that, the structural
integrity is still remain during and after earthquake without any further
analysis.

The comparison of dynamic stability of NUHOMS® and Holtec
HI-STORM-100® during seismic event by using quasi-static method is
studied in this report, by the way, the seismic stability of
HI-STORM-100" cask is also compared.

The newly regulation development on the probobalistic risk
analysis for determining the design earthquake of ISFSI are reviewed.
For a general licensee, ChinShan site, the dynamic soil-structural

interaction between pad and cask is compulsory by 10CFR72.

Keywords: time-history, dynamic soil properties, soil-structural interaction,
transient dynamic analysis, independent spent fuel storage

installtions, seismic analysis.
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et BERT SR EPASTRERE c R FIHEET FREM

SRR R SR I ETAE I 5 YT g

e
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24 B EAFHA
24.1 ¥ BF R

F JECELTES § 3 SRS § N BN
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B-RECE D RBHY LA P AEREY 253 4
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mii + ctl + ku = —mii, (2-1)

He
m: iR
Ci o EEIER o
k@ 4 i -
~a~u s d T B PR RIoip B o
b~ ~u ¥ RN RE 208 X GHEHS L u=uty, o
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|k
®=,—
m (2-2)

FE Rt (damping ratio), &

. C
2mow (2-3)
AT (2-1)7NF =
ii + 2Eoi + o™u = —ii, (2-4)

Bkt Bl At e A ER T pF s B K R0 h B ERP 0 P

(2-4)5% 2_ {37 & # ;% 4 (Duhamel integral) 18 :

ua)=—;}Jy@emﬂ—gwa—rﬂgnwDa—ryh- (2-5)

D

HY g =0f1-& » BAcfE R W %] (<0.2) 0 Blo,= @ » F(2-5)5"

A= =RY

umzéwm (2-6)

W(t)=—| i, exp[- Ew(t — 7)]sinw, (t - 7)d 7 (2-7)

NN LTS 7 () MR E S S ¥ - R L
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(spectral displacement) ©

(2-8)

max

S, =0}, = W ()

FEHE R R F o o A p RED T T ORI B R

(displacement response spectrum) o § FE A (@i ] FF o> K (2-4)78 7 v

(ii +ii,) = @’u (2-9)

Bl ko sz B x 8 4 B o fiti| 0 ¥ % A FF 4e i R (spectral
max
acceleration) » S, %k % 7+
e | 2 _ 2 i
S, =lii+ii,| =o'y  =oS, (2-10)

M RS BT o 0 A R T TR DRI
i B & &3 (acceleration response spectrum) * 1% — Fi i B F 4o B
2.10 -

¥ - £ & S48 S, # 5 # BaE & (spectral pseudo velocity) © H @

&ArT ol

S, =W (1)

=S, (2-11)

max
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() 4p ¥ =4 & J&#% (relative displacement response spectrum)

(2Q)4p $F:# & F J& ¥ (relative velocity response spectrum)

(3)% $F+4v ik B F J& ¥ (absolute acceleration response spectrum)

(4)# Bk B F ¥ (pseudo velocity response spectrum)

(5)4p ¥t +4c & B & J& ¥ (relative acceleration response spectrum)
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§N AR A ) AR AL R A B e

RRARE LAY B AEE R BB AN AAFERE ) H A
EE B enZ B2 5 2 -S43 4117 * (soil-structure interaction, SSI)
Mok o AR AR AN LD - SHE® PP B ARG s RILZ 2472 % o
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(free-field) F M3 % »afh it 5+ L 445 112 % 2 d SASSI it (7 4
RO SRR I FIE 245 AL WHEEN AL R RE2

ZEE 2 AR
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d R BARE T 3 nF e AR o &R R T
-SRI A ST - AT E M) 2 U h S
o2 ARFFFNPE S d B A (freefield) & gl o i &
SSI &k S| 2 F s~ 477 I

SERPE P pd R E R R - BE R
Wb 2 A 2 - s Rk iR 19T 76425 SHAKE 91 kit M
edB o Gofp IS R 7 o 2 W NUREG-0800 % 3.7.2
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A2V eiE B AL R AN B 2 258 (wave equation ) i §fE 0 3%
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i & > ® @ (Fast Fourier Transform » FFT ) #37 o imejg * >
20 AR E AP TR e 4 SHAKE @ * £ @ o
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SHAKE 91 #25% & 3755018 anE 38 & 45 ¢
o FI1E 1 F HEH A M

oiE I 2 d I i AL
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0 IE 4 % T EiFH
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A
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%78 9! K &3 (response spectrum)
e:E 78 10 : *x+ & 3 (amplification spectrum )

eiF3F 11 ¢ % = ¥ 2% % »z & (Fourier amplitudes )

SHAKE 91 i * M %2 MU M > o d w1 4 g ~ 4
BHEE T4 -3 P REME L -G R METF
Fogd N AR Ad B AFRH > FENS BT 22 LF
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‘M*‘«

24



& B Brdy it

@a])‘ FmEFA
j‘F‘l‘/‘"‘

ﬁg?J% B
Yo i

Option 1

P4 R% vs G/Gmax
T4 % vs LR

Option 2

P ~ 22 kA E
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£ ATHRPA 3 jE 4o L EJE o

SASSI A 47258 “H4k ¥ hfk h RIL o T AR S F LA 2

(Flexible-Volumem Method ) 7% # 28k d# s Hi% > Bdf 18 p 4e 14
.[.

ji e 4RSS A GG AR Bl BB 5 AT se i
A

et  TEFFIPpI A IE/BRFLEIFATTHE > J &
fa a4k (Green) Snfic (3L %64 R 5 o L sp Bhim £ 9718 B

B HREE) ik Karp d B & 2 e (soil impedance ) & #k

\

(320 4 BB AR LA chandic) » SSI 4 s de 4 £2° f2 30

-

2_fR¥ * g F-F Ji (frequency-response ) ;= BHE F B¢ K F o AAp
POUAFHOE S -F BT, N NI T % do foehihig i 2 E ‘
2R B RS g s 5 R RIFEY
gk TR E AR L EY 4 o
Mo sk ¢ REE MR R {8 LR F R % [E L (constant-

hysteresis damping ratio) » 1 4§ #;3% k £ 7 4o N ¢

G =G(1-2f] +2if\1-B]) (3-1)
E;:EAL¢ﬁ+%ﬂfh—ﬁb (3-2)

t’l—\/_’ﬂ ﬂ f l»thf?"J,ﬁ\ﬁﬁifiJ/ﬂ?ﬁm j\m%

IR R > @ FET 4 R SE

G=pV; (3-3)

2
E,=pV, (3-4)
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0 ¢ % & (density) o
Vet 34 e

vV, B4 L o

ERERY GV RLE P EERTIANE YL =8,=0"
L 4p 1L (Poisson’s ratio) #-=¢ 5 F #k o
AERFE B2 DA AL > 4oB] 3.3 o 0 REBEHE AT
fede B3 IS G = B0k bi(subsystem) -
(HXaXzFpd A IEAFT(F e ZHRFIZING) o
QA FEINA 1t 3 o

(3) 1 R RASE(F P L)

BipZ B kALY o pd e A EATRA B B e
$ud Be(impedance functions) 1 % » 3% @i d KT KK - f2 TRF
RGP vt £ m g WS A TR R AR LI il R T
3-DF®3 L FZ o7 & » £ 5 7f "(negative)# 4 4F|E 7 G AF
Pl SHE K A fhd R D 3-D F ARG A F A
F 0 B AF R cEc -

Epd B AIEATERBER I EDE L I IF* (dynamic
interaction) » % & S ALH 37 2 MM A TG B S A RHEERE R
R b i 3 F% o 4 A 2 G Ty BR Y i

LA AHGHE R 2 E TR 2 B
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{g”(m C, (o) Hl_fs(a»}: {_ 0 }(3_5)
Co(®) [Ci(@)-C (@) + X (0)]||U, (@) | X (@)U ()

# o @t A kA7 F (circular frequency) » T ks, i f A W & BT K
S AP B d B(2L B 33) F ¢ 7 AARH/IEA G PR
A/ AN G D BB S AP R A B

"L

Lﬂ:.
o B C(w) - BAFBCE s+ DREE > B T H 4o

C@)=K -o’M (3-6)

N
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DAk a Reny ﬁ'{?f—g.’rﬁ@_ °
K :d 2= ksim kiif e R L o
D REL K24 4§ e R LA 2R

B S ¥ b U () 2 Up(w) @ e &4 5] 5 & A7 B E i

<

B d o X, (0) R LA KEN BEREL > U (0) AT
»epd AR RERRTIESE

SASSI #% 3¢ B 2 N G5)mfE o AT B U () 2
U, (o) 4 5 F i Sfic > BI#TR hid 8 P e e i o A Bl 5 F
& S Bk 1 > 3§ # 3 (inverse Fourier transfer) 1% -

e Afi=> A2 (3-5)2 mo v AT RIEIEELX (0) % p o
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e
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(a) fh¥tfLp d 3 2R3 2R HCR ik B BIR g 2%
@R 02 R B # AL+ S Bik(dynamic Green’s function)
£ #5* (compliance matrix) 1% o
(D) d 3 % 234 Fenst REF+ RU (0) > 9 ()T if
) S I N
Q)3 EF etk d MBI I MPMAB PN - H T (FF 4 B
BBl o A7 Bhehp d R3EE A koo
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MR R e R i F R Sk kR E s ¥ o
A A S E M (R &5 S iy » T

PRAEETH e RNRREEFRETIE ARE P
Buin BF i 51245 0 A %2 SIMQKE 2 STARDYNE # = frpFic

(1)2 SIMQKE & = enffFfFzedr o eid B EZ 03 g GL 1 g
SEA R R) FRFIES 0.017]/‘"/"4":4)320003_?
P %2t 20 ¥ F}"/‘”‘*f Beg LA RS WANE B R

Eﬂ

B P 2o d4o @) 3.10 12 23 o

(2) 2 STARDYNE 2 * enffrpfiogs > B * 4eig R B 5 03 g(GL:
giaEd R FEFFIES 00054 > £ F 2048 £ FoHL
PR AN 10 4 5 d 2R E - A R < o AT R4

¥R PR 301 kg .

f SHAKE O1 4 {7 p¥ > 45 4p e B4 iy » TR % AL (UL
Lo AR o aE 3 FRIERTAMR A SRR
3P e R JLT)’“:i.gn;#F}—ruzﬁﬁﬁ/\& i % &l
TR AT LD B AR

&ﬁ REE SR AR & SRIPC Y L A e P
Md AP e oo 24 * Sunetal, 1988 [18]~Idriss, 1990 [19]~ Seed & Idriss
1970 [20] ~ Schnabel et al, 1972 [21]% F= 3 3R £ #7iF engF o 50 > o 4
Bl4c-®@ 3.12 ©

AN At R R B TR W] R T RS M Gl & N F
"f’é/ﬂ\v}'—’rb’ﬁi%] 2o B E A e SRR A W AcE] 3.13 2 3.14 5o o

HRRRTRE AL TR R M % BET B
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%ﬁ Ah e 0 B3R LAEA B 5 Outputl.txt 2 Output2.txt: H 4o !
(1) Outputl.txt fHE P F ¢ FEHEEZ v 13,_@‘] Ny - AL gk

o B R AR TR cHEE AT RS TR

@

RS R WS R B2 EF R kxR
FHE o

(2) Output2.txt & 3573 & ROFRFFH > dodei@ B ~ B4 ~ &
REFRETR -

Outputl.txt » = R i€ * § f iy » TR Al > dos)
B2 BA SRS S At REA S PRALTHIREY AT 4
WOFEANA R RIHGT S N REAVBEINAS NI EE 2B

FEIRA T AApM e T EH AR BT T REK
T4 T IEL RN AL BT 2 TR LR

o

> L

>
P~

\\\?{r

Output2.txt » 1 £ 5 FREF - @ R TR LET 5 2 hFE=x
oy
Tn 40960 FALERIF v F A A VIEH T IR AR L
PR RO L ROTE A T Y R - BB B TE
RRFTFELHAR

RS R N A i REE Sl B

SRR S ER TR SoF € NN S T Rt e 4

* (4r 1024,2048,4096... % ) fv Flf 8 & £ 2 24

*ﬂ%

HAPM AR S R0 FdE
(1)r2 SIMQKE % = chffr a4 55 SHAKE 91 A 455 #7118 & % -
(a)F Bi¥ 4ok & Bl4cR 3.15 -
(b)3+ 5 t5 4k B F i 4-B 3.16 -
(C):: & t53% L F 2 B4-®) 3.17 o
(d)=3t 3 T 6.8 ft T i 4 FrPF B4k 3.18
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(€)=t T 6.8 ft T % PB4 @ 3.19 -

ES R SR S SRR B L
()W 3153 Hissed RF ¥ g dl > 53h 588 # &
FRERRBASCERF B2 ES > B4R FER

SO BRI TEHY AR R B EFOrS T 5
- RS R RAR LD Lo iRt Gk £ L
?oo

(b) 2B 3.17 © Bgo7 - »t#E &iE 50 Hz pF > 4+ b (s iR bpfc
23 1 R FIML R TLE S0OHz B &2 o

(C)F 3.18~3.19 A %] 4 % = & 2 R 2208 T 5 T 6.8 ft)
TR ZTREFERFR  TERYE RAN TR S
(Bdede = F Bd#4ed B 5 01g o 308 T 201t w) AP #R
BAMABABEYEEH 12 BENABSEYLE /4
FEEHER

do b s BT MR AR R T > R eh
B b R RS 0 4 AR BT KRR il R F

T

(2)72 STARDYNE & = ehffppzed 3 £ p S8 v g 4 K 2 Kk
o X MR IR s R RS L I0K(FET
K)o il ~ 2R TR 1 g AR R
& SHAKE 91 A 45 4 #7118 & %

(a)F i 4cid B Bl4- @] 3.20 -
(b)z- & t54eit B F Bid4-@ 3.21 o
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()5 {83~ F Bz B4-® 3.22 -
(d)iz*t ™ 796 ft T &+ FFPFRl4-®] 3.23 -
(e)i=*v 4 T 7.96 ft T & % F P Bl 4B 3.24 -

A% 0 A L AT
()M 321 - H s+t R F e v 50 5381
i BRERR A RF LB 0 RS AT

v o 2

G

SIMQKE #72& = & 459718 WL i ™ > X 4ok B Bz 70
TR AR RREROEEPY FE Lk FT
BHT & e

(D) 3.23°3.24 A %] 5 5 = K FETEIN( 30 TG T 6.81t)
T 2V RSHER > TE SR RN TS %
(Bdode* F afseid B 5 0.1g 08 T 20 ft ) Ap#
BAMA B BEYEH 34 BENABSEYLEHE 3/4
FEEHER

332 3 -3 FIA4 4

11 SASSI g2 2 E-B 4T 41445 0 A LE 2 A X L seh
ﬁy’ﬂﬁﬁﬁﬁmmwhﬁgﬂgﬁ%@%ﬁﬁ»ﬁﬁﬂ’@%@
STARDYNE #72L3] #1 2. Fllf 5 52 » & 2 H 4o w g 2 K oK T
ﬁ%%%m@éw%’ﬁﬁﬁﬁﬁﬁ%%ﬁx&wﬂﬂaﬁ ¥ m
AT SR 2

Bom g 20 SSLeha 4T AN - he THE AR5 o T 4
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3w A A R AT R SRR L R
R C AR E i

Bk 3 AN AT e R AR AR R b 2 RR © E5
F g BF il o 8% SSASI TSN > ATk R IEF Tl gk
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4.HI-STORM 100 P75 3% *6 i # {rfn i 4 47

Holtec * 142+ %4l HpPr 3w 28 8 = 3 2B Y pF 3 597 o
BRTICH R E Fh A Aok 4 R B)IEF A BT REHE A MR A
g
FIE P ERE R A S BA A A R 2 EIFL AR
e

HI-STORM 100°p¥35 3% 5 2 = N FHLR B4 > © 4 % 5

‘.

=

ZOpEG AR A L R B S LR £ iE N AR o

o

$3.37 x 6.08 m H (¢132.5" x 239.5" H) » 2. # ¥ 5 161 #¢(354,431 lbs) -
4oB) 4.1 2 B 4.2 #7575 HI-STORM P+ 5% % :f-mni ~1 2 & 8 5%
P Bchcd 41 T o A B AF BT 3R ETl B F) b4 (T @

2t qrdsh oo 2 R AT NIRRT G T 2 o

4.1 LS-DYNA % 7

% 7 3% HI-STORM 100" 75 3% * chfE 21 » & F -4 *
ANSYS/LS-DYNA"i& {7 p¥ 15 3% % i > {rfw | 4 47 °LS-DYNA" 5 -
LM E S STl P e B E R 3B ™4 P g (car crash)
#3731 ¥ (deep drawing) ~ 42 %’ = 2} (superplastic forming) ~ ;% #* (rolling) ~
# % (extrusion) ~ H % ¥ % (drop test) ~ EH-4& F 3% &L 3% (penetrative
failure) ~ + %3 (large deformation)™ % Ly 3 7R 5 B 5 # 4 B Egen
AT B3 ARG A S AP REEE AT 0 R 2T E R R o

LS-DYNA®# * ;% = ;# (explicit method) % i& {72+ & » § w|** i@

o4 B2k B rE 82 (implicit method) © A BN 3 242 > R4 BV

P A e

tay =1 (B2 - ™) @.1)
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M) P R R AR .
(FA) 125 Se 3t 3 48+ envh 4 (external force)w € fod» 48 & £ el 4
(body force)w & o
(F"y © 4 (internal force)+ & o
(A58 F T g R o PR A Er T L HR R S R

BVl T AN R

Wevaerat =W ma ) +a b A, 4.2)
Wop b =+ Vi ari23 A4 p0)2 (4.3)
part = %05+t a} (4.4)

Hov R R A, =054t + Aty ) 0 Aty gn =0.5(4t, — Aty ) ° (4.4)
PR LF e SR AL

J| '% kﬁjﬁ;’ﬁ‘&ﬁl&i{gﬁ%

i

17 B R AR B

PR TRR P R AT e

At £ Al‘crit = 2/0)max (4 5)
B (457 P o @ 5 B~ B R FI#E & (maximum natural circular

frequency) » # b p RAF S o HUWE R L LefEAE o HEA AR
B E R 0, =2c/L » B ® ¢ & @i & (wave propagation velocity) » 4o

AL o

c=NE/p (4.6)
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3P E S N R #k(Young's modulus) 0 p 5 % & (density) e
it E A % 0 Pk & (characteristic length) L il 1 :# & ¢ T_&

e T

A

LA RAE Lo 4.7
B Ao max(Ly, Ly, Ly, Ly) (472)
A ERAE D L= 4 (4.7b)

maX(Ll > LZ > L3 )
E
==
pA=v7) (4.8)

(4.7a);8 2 (4.70)° A B~ F e o AL, L, Ly, fris &

FERAFEFDFE o (4.8)58 ¢ v L F o (Poisson's ratio)

42 F e Rt 4 A4

PR A AP T3P g2 e AXF2ph 7
EA B o W43 5P Bt P RERT G H L R KT B R 4
EREFR 7
=10f s> B A0 REBFRIF d W) A hERE
HAd e PRDFEfpRI T AR KhRFr R4

P Bemn 10 e A 4vid B ETE 0 4eB] 4.3 (b)Hror o

)

rivd PFRF S 10~204) o d Bl43 ()7 4v #= Bt

%‘;

FEF 17 3K 6 m,ﬁfrﬁrwﬁfr;‘f FHHR R & iR

’ ,

éé%ﬁﬁﬁ%?%iﬁﬁ%%gwﬂﬂ%%ﬁﬁﬁﬁﬁﬂﬁﬁﬁ

=1

oot huld EE R%AE L 032-05¢-08g% 1.0gh;
BT 3K % &2 % 2ok 2L A (concrete pad) B en B BB 4 B S R S
0204 % 0.6 F=faH7; - LafiEtes ™ f|* LS-DYNA &

FEA4 27 WA R AL AFE T e 2 R



Ao hipEEd AR L0 B 0 BB 43(0b) i REERE
B MHERT R R T i R

4.3 HI-STORM 100 # 4 4 45 #3345 it

¢ Fl 4.1 % B 42 ¥ 5> d *> HI-STORM 100 b7 3% 3 % 44 F
PER LB T AR R R AR FIF £ R R
EH R IR T MPT TR G - BRBI AT SR T G
1RSSR R T BFFF R RGEE R TS 163293 kg
(360,000 Ibs) > ™ & A 45 5% &7 5 F L Mg a5 o

WRAIEHD IR @I KA A RN S
P

W % ANSYS #7122 = ¥ K % F LA % A 15 A ho B 4.4 07

-

H ¢ HI-STORM 100 p+333% * 12 SOLID 164 & = > -Kik 2 A B 1o
SHELL163 ¥ — ~ % f45 5 o *0 B 4.3 o RRrpzeks ¥ 5 2 H—
I r o BT L B R R N Tk BT
FAIEHR BT S B AP R R

PP R W R AR e iE 2k 25 2% % (Node To
Surface, NTS) » p¥ 7% % % % £&fF & (contact surface) » @ ¥ % % P &5
(target surface) o 5 7 f§ i* 38 » PP 3K E 82Kk 2 A B ends B ik
2 EBEGENR Y- Ko

e d ST NiE L RSB I AlE a RFORGHE R IER
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AR T PP RS AT PR A BIFr T 2 € Aok
L e Hi}i:m«ﬁv S LT A EF AR od A 4147 v
PPk s A 1 g® e B2 BEGH 02 HiEET > B &t
FEEEHE > 5 378 mm o

d HOLTEC & % % > & $74F £ (FSAR) [1]¥ 4> HI-STORM 100
PRk et g 8RS 0 & 20 B 2N & NxN 03 557 > 4eff]
4.5(a) ~ 4.5(b)#77F o F PFFEAEEE T 2xN 3 N EEA|EF S P K b
% ¥RE3E 5 Pl = P2 =41148 mm, P3 = 11582 mm (P1 =P2 = 13.5',
P3=38"); % NxN = sV 7| g p¥ 35 2% 2% [ ek S5pedp 5 P =5689.6
mm (P=18'-8") « 2xN 2 NxN p¥ i & ;% g 4% (2 b7 75 3 & 22 gk
T ED T EPPF LT ERTAL 0 PFFRE T RATAA e
J&% Jg » & 10 (out-of-phase)if &> » F|pt » P73 K DF FFIF B RS
w5 2058 mm (2xN £ 7])r2 2 2845 mm (NxN £ 7)) o d 4 4.14 4
PR EF Ao IRk L U R IR L 378 mm (fa,=1g 0 pu=
0.2 FF) » JL e ] 3 B 3F R B BEAE 0 BT RE e BOEF T gt 2
L B e % gl nal A
4.5 %

AF AR A RIE® T oA d 22 5 HI-STORM 100 b7 3%

-

WHETARIMIER A1 E R LS-DYNA: &2 L A% %

FREAFEH N ER Y WRTFEERITFHE T RE Y B R
BEY¥KF 03g-05¢g-08¢g% 1.0gSw fala) apraRkwss i
’J\/f Zaj»_\}j_

EiEw LT
® = E e

R GED Y RF 02042 06 F=fHFT - L2
s —f]
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Q) AFEET I PR A PR BIFY TN § AKT
et A RRERGFEF e o TR gF 2R o d & 4147 o

Pri3 k% f mlilg;}:’i#«;&%i@,f 48 0.2 RIS T 5 g B
1 §F

i
FEAE 2058 mm (2xN £t 7))z 2 2845 mm (NxN £ 7)) BT 75 % %6 A

\

= 378 mm o F|pt ,ﬁ‘*ﬁvﬁhgptj PF T 3K ¥ enE 3F )

=
b

8 SN SUE S A Je 5 i

(3)id A 177 v e 2 HI-STORM 100 7 is 3% % st BiE* T 17 ¢
AR RFEALFE 0 Z ORI FRG DL 2 IR
BOREABRFRMEFHI NI UHT > ULFA B o
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5.NUHOMS®{r HOLTEC B 3 3% % 4& 224 47

NUHOMS" 4= HOLTEC A % Ie 3|38 cht 53 2k ¢ 8 p7 i3 &
*%5 » NUHOMS® % £ = #84] » @ HOLTEC R 5 Fl44] - NUHOMS & %
L EP S Y TR EE LR he e g §r3t 503 A fr 4 (Dry
Shielded Canister, DSC) ~ -k - p¥ 13 #- % (Horizontal Storage Module,
HSM) ~ i& % 4 (Transfer Cask, TC) ~ & i% 2% % (Transport System) - ’
NUHOMS® £ ( pFr5 2k % & & & 21 2 W 4o@ 5.1 2 B 5.4 #77 > @ -k
T T B el R % < Ao B] 5.5 #7oF o BTt BWR 2L enpT i3 3k %6 H £ x
ExB 52 6mx29mx4.6m(238inx 1161in x 180 in) o 7 7 [ 3 &5
8 5 NUHOMS® B i3 Aok TpEG RS RIERF - 24in Bl
B jeth(end shielding wall) » ¥ {82 7 XK 5 — 24 in & i B jic it (rear
shielding wall)# 12 %2 > M IE P FIHE B P54 R FPTF R G 973 & 0
B
HI-STORM 100 pr 33k * 41 & ¢ £ =30 1 (D)¥ T d + 2 7 F
(Multi-Purpose Canister, MPC) > (2) p7 5 * ¢ & % pF 13 # 3 (Holtec
International Storage and Transfer Operation Reinforced Module,
HI-STORM) » fr(3)i& i¥ * ¢ % §71% % 48 (Hi-TRAC) - HI-STORM 100 ¢~
Tk H 4 40 503.37mx6.08mH (¢p132.5" x239.5"H) -

PR s AR SRR P F ey RIEY T BT g A f 2
%ufﬁ;g.{— e RS rrri,‘g\,f’\)ﬂ—‘l-g_l,:}@ﬁuﬁ@ T b o UG
AR BGEES AR D 2 PSR %Lﬁmﬁﬁ,

PEPTERE FEY RS LT A AR FHE S THERLE 2
B R | R > PR ABRKF RS E T EARR AT BT
(anchor) i 7 A w2 NUHOMS®4r HOLTEC % & 87 I cp¥ 1 3%
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5.1 Ffofm izt

gt pd e RIEY T e RS R A
A~ F RSB UE BEGEEFE T M wBSF AT g K2
PR RAEET A2

P F o R oRER o A& g d 22 P RE HRSK
%";‘ fe FAKXRT 2 &8 3 '%”}“3{' Eﬁﬁﬁé El’_’] - ’ij’:l/g'ﬁﬂ’ff'éﬂ%.

FE 22 RAEERT géiéﬁ{ﬁ?,l‘z .

TR o it 4T

(1) KT8 24 B
FALA R G KT S A s B Y S MentEa) « 51— F h A b

P RAd AR A PR PR AR TR AR REEY T 4B 5.6

NS

T RETTR o JLPFE o P RE T e 4 ATig A en B gRIE 4
S =mgu (5.1)
PRAY ma PO E (gidd w2 A us BEEGE 5 R
#

T{E)}"E'E)h’fjv%\,g ’4-—7}\_14E1§)§ah7f}__§§’
P

BRE T - Foa ok T Aok B AR o g pE

F:mah (52)
spe 4 RIS A2 BB L - &d (502 (52)

Ry
A
\m\
/\‘
o
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&
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an > H8 (5.3)

d v I EALFR ol AL T EEMN 0 A e
PR AR T AR B M 0 B BT A e Ak T B A NS
Rfow 6 BB GERF > P EAL FHR % -

PRAF RIEYT > F A FEn LT BE 2 i o] 5.6 Ao
PMEARSE2Z S B4 JH et & ek 4 %E(overturning
moment) 7 :

Mozmahh/Z (54)

Flf 8 p €8 A ST A 4 off ¥ 4 4B(stabilizing moment) 5

FRRAEANETS EF O FHEALPBRRY > &d (5412

a, > g(b/h)

d(ONT e AR O] AP E SR TTERA
FoAAR Gl g b E SR

i
W MR AT R B4 S SRR LR 5.6 97T - A
W ABA A T2 T o - b BB B KT 4id B,
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X : J—may =-ma, (5.72)
Y : —-mg+N =ma, (5.7b)

Az man(h12)=mg(b/2)=may(h/2)+may(bID+Iea (57

SRR LB INFE A Pl
Ic=(1/12)mb* +h?) » kT % 2 Seg B A B 5 a, =(h/2a ~a, =0b/2a °

g2 (5.7a) ~ (5.7b) ~ (5.70)= 3 > 7 FfRZ B A fole N~ ffros 40T 9557

(gb* +4gh* +3a,bh)

m

TS

(5.8a)
_m (4ayb® +a,h? + 3a,bh)

Uy % +h?)

(5.8b)
_ 3 (-azh+gb)

2 (b +n?) (5.8¢)

Fa>0 R e A2 > g Rt e d (5.8c): 4

BhHe 7% F(5.6)5 °

(2) kT o ¥ 4 4eiE B
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f=m(g—2a,/3)u
A REFMATE S hEadn s 5

F =ma,

A A BRI R

. 2 . . 2 2, v
BT R

It .

ay, > u(g =24, /3)

FPWa AL Fe o At ABLA 2 R

S A ST

M, =may(h/2)+m(2a; /3)(b/2)

<

(‘F«}

(5.10)

(5.11)

B¢ A2 R IR %o wd (5.10)58 2 (5.11)

(5.12)

PUR 14 4 0 i

(5.13)

Vb Bl EH AR A L SRR B

M, =mgb/2

YR B RS B B A
(5.14);8 7 {8 fu F % 14

ok Y e
ms= s
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3gb
(3h +2b) (5.15)

a, >

fe 32 o JﬁFﬂ%{ﬁ?[,{fé%é&% —%ikéfljév\’ffr , ‘%E-&p]’%} 56 ﬁq;}%
W g ARE 2 g@g2 % d 4 byt

X : J—may =-ma, (5.16a)

v —mg+ N =ma, +m(2a; /3) (5.16b)
mah(ﬁj—mg(éjer[gah]é:ma (ﬁj%rma (2)+1Ga
A 2 2 377)2 2 2 (5.16¢)

B2 (5.16a) ~ (5.16b) ~ (5.160)= 5 » 7 K fR = & 4ol N~ ffro »

Yo F Hron

_m (3gb® +12gh* +9a,bh + 14a,b> +8a,h’)

12 (b” +h?) (5.17a)
om (4a,b* +a,h* +3gbh —2a,bh)
4 (b” +h7) (5.17b)
__1(3a,h+3gb—2a,b)
2 @Y (5.17¢)

Fo>0MRang AL i b s 2 R 2T (51705

3gb
(3h +2b) (5.18)

ah>
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BT A 4 % (5.15) 5 o

d(5.3) ~ (5.6) ~ (5.12)% (5.15) 5% 60t ¥ 4o 0 088 B fe PR KT
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Shz A2 2 B ¥tk R BEGHGK L s 0.6 FRwmihs 7 F R
’r’:lz/{ﬁ‘-o

5.2 NUHOMS®p¥ i 3% % i & foin B A 1
(1) i # A 45
A o 2> I NUHOMS®BF 5 3% %6 % |3 B (7% p& > &

\rmL
‘\gz
yad

:&

%ﬁWJg%@NWMMﬁﬁﬁﬁﬁﬁwﬁﬁﬁjﬁﬁiﬁ@’ﬁﬁ
Ffuf bt o R FRFE O ER5

FSIZ(MHD+2M6+Mr)(g_aV)':u (519)

gl T4 i B o
: NUHOMS"¢ PR 2(F ¢ g HFafTE) Myp=
146963.93 kg -
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M, R 0 M,=40505.80 kg e
M, PSR RheTE 0 M,=29937.10 kg -
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5
5
o
¢
-

=0.6 °

8 b Bz 4 Fy =121 MN -
Aok T R E G g ¢ 18 NUHOMS®p¥ 3 3% % £

eSS TR R

R A
Fhs:(MHD+2Me+Mr)ah (520)

P BRI RERER 0 0,=03g Myp > M, 3 M, 5T EF® o
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X » ¥ 18 F,.=0.76 MN -

b

POk 4] 3t 45§ NUHOMS B 3%
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b o o Ech® 2 FHE 160
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FTRA D22 AREG AR E RS B gl e
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EoERRHIERG T g SR B TR RS AL L8
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NUHOMS® p+ 5% % F] & & & £ 97258 crfE T4 EM, 5 °

'}l‘J‘Ag&—' : MstA :(MHD+Mr)gd+M€g(W+tg+tS/2) (5213)
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% B 2t Mg =(Mpp +2M,)gL/2 (5.21b)

PRk e G BRI B ek T AL > d= 14732 m (58
in) °

L:pra%enE & - L=6m (238 1n) -

ty * Bt fr HSM g o chR7 IS > 1,=0.1524 m (6 in) -

t, P Bt b R 0 =0.61lm(24in)

N

wWIBFFRWOER > w=29m(1161n) °

g‘MHD‘MeaMrﬁji%’Pﬁﬁ °

#et F e fE i ~ (5.21a)% (5.21b)5 > T AR E A B M =391 M »
M,z=6.75MJ -

1

PEHIE GRS S Gt B

s A m s Mou=Mpp +M,)ay,d +Ma,(w+t, +1,/2)
+Mpypayh, +(2M, + M, )a,h/?2 (5.222)

B ak : Mo =WMpyp+2M)a,L/2+Mppayh, +Maph (5.22b)

HY hipraE%F3 R h=180in; A a, ~a,~d L w~ My, ~ M, ~
M, ~t, 2 t, EEFD o Sd 3HE > 7 L0 BT TR G TS S
B4 EM,,=2.62M) M, ;=299 MJ o pL i 4 B0 B0 3T 3R S A L
XA B My * Mo % NUHOMS B 53k %5 2 ¢ Fl o ¥ B Jr it
AEABR P BROT 2T AR 5 149 HBREL 226

g PR T F o B RS AREOT ABERE A2 4 k0 4 (5.21a)
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;% (5.22a);8 7 v

Fhot KT Bl B a,=045g B o T K 0
WHRAEE ANHE AL g B mE o
5.3 HOLTEC pr 3 &K % iF & o i 4 47

(1) i $ A 45

% B d x2S HI-STORM 100 % 313 R (F* pF o> L8 v | oo RIF
* 4 ¢ 1 (7 HI-SSTORM 100 (% 35 45 b end § 9 0 ¢ 0 2 fSgif &

[

4§

B RSt et B S

Fsl=M(g—av)'/1 (5.23)

1 5%¢ M % HI-STORM 100 p¥ 75 3% % e £ » M=163293kg 5 a, ~ g

Zusg e o Sd 3 E o v EFE AR F;=0.77 MN -

e A

¢ @ 9 HI-STORM 100 & § i # et % » #7424 &
SES I

Eys = May, (5.24)

Ve g, 2 Mz gl e Sd 2t E 7 @R =048 MN o Lk T H
| ** 4 # HI-STORM 100 #7% #-] 4+ £ F,; > # HI-STORM 100 # ¢ 7]
W REFEY & o ok HI-STORM 100 i & ¢h% 2 Fli#c i 1.6

d (5.12);8F & g KT & 4eig B %3 0429 g BF > HOLTEC p7 3
,:'i,?fugé.ﬁ?f“ﬁé °

(2) #hA AT

HI-STORM 100 pF % 3% % F] & £ & £ 973, 2 ef 7.4 B M, 5
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My, = Mgr (5.25)

H¢ % HI-STORM 100 ¥ % 3% % e /= > r=1.6827m; @ g ~ M ¢
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% 4.1 HI-STORM 100%pF 75 2% ¥ 2% 2+ 43

Component MPCs HI-STORM 100

HI-STORM 100

Overall Height (in.) 190,31 239.5 w/lid, 227.25 w/o lid
HI-STORM 100S

231.25 w/lid, 211.125 w/o lid

O.D. (in.) 68.375 132.5

Cavity 1.D. (in.) 67.375 69.5

Cavity Height (in.) 178.0 (MPC-68) 191.5

Empty Weight (Ibs.) 39,641 (MPC-68) 267,190

Max. Loaded Weight (Ibs.) | 88,000 (MPC-68) 354,431

HI-STORM Overpack Datasheet

Height (in.)

HI-STORM 100S 239.5 w/lid, 227.25 w/o lid
HI-STORM 100 231.25 w/lid, 211.125 w/o lid
Shell O.D. (in.) 132.5

Cavity LI.D. (in.) 69.5

Weight, empty (1bs) 267,190

Weight loaded with heaviest MPC (1bs) 354,431

Number of bottom ducts 4

Bottom duct size (in.) 15x10

Number of top ducts 4

Top-duct size (in.) 25%6
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% 4.2 HI-STORM 100%p¥ 2% %> q, =03 g ~ n=0.2 A 45 fr ¥ 24

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_UXT BODY_UXB BODY UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0023
0.2000 0.0000 0.0006 -0.0154 -0.0154 0.0009 0.0429
0.4000 0.0185 0.0001 -0.0429 -0.0429 0.0028 0.1112
0.6000 0.0666 0.0215 -0.0395 -0.0392 0.0038 -0.3184
0.8000 0.0352 0.0300 -0.0709 -0.0709 -0.0002 -0.0375
1.0000 0.0285 0.0295 -0.0738 -0.0738 -0.0022 0.1911
1.2000 0.0302 0.0303 -0.0729 -0.0729 0.0030 -0.2397
1.4000 0.0355 0.0355 -0.0686 -0.0686 0.0096 -1.1617
1.6000 0.0355 0.0356 -0.0687 -0.0687 0.0095 -0.2627
1.8000 0.0408 0.0408 -0.0639 -0.0639 0.0166 0.5428
2.0000 0.0475 0.0475 -0.0579 -0.0579 0.0256 1.9342
2.2000 0.0591 0.0591 -0.0485 -0.0485 0.0397 -0.7302
2.4000 0.0657 0.0657 -0.0444 -0.0444 0.0458 -0.0226
2.6000 0.0683 0.0683 -0.0432 -0.0432 0.0477 0.2853
2.8000 0.0747 0.0748 -0.0359 -0.0359 0.0587 1.1890
3.0000 0.1015 0.1016 -0.0177 -0.0177 0.0860 0.4027
3.2000 0.1240 0.1240 -0.0050 -0.0050 0.1050 0.2506
3.4000 0.1481 0.1481 0.0125 0.0125 0.1312 0.4499
3.6000 0.1770 0.1770 0.0310 0.0310 0.1590 1.6950
3.8000 0.2036 0.2037 0.0472 0.0472 0.1834 1.1081
4.0000 0.2194 0.2195 0.0583 0.0583 0.2000 -0.1973
4.2000 0.2494 0.2494 0.0803 0.0803 0.2329 -1.7426
4.4000 0.2870 0.2870 0.1062 0.1062 0.2718 -0.2561
4.6000 0.3351 0.3351 0.1387 0.1387 0.3205 0.6018
4.8000 0.3771 0.3772 0.1654 0.1654 0.3606 -0.4654
5.0000 0.4102 0.4103 0.1869 0.1869 0.3929 -0.1496
5.2000 0.4587 0.4587 0.2187 0.2187 0.4405 0.1702
5.4000 0.5001 0.5002 0.2471 0.2471 0.4832 -0.0647
5.6000 0.5585 0.5586 0.2865 0.2865 0.5423 1.0337
5.8000 0.6129 0.6129 0.3211 0.3211 0.5941 -2.3002
6.0000 0.6691 0.6691 0.3582 0.3583 0.6499 0.1903
6.2000 0.7189 0.7190 0.3906 0.3906 0.6984 -0.2287
6.4000 0.7652 0.7653 0.4217 0.4218 0.7452 0.7430
6.6000 0.8089 0.8089 0.4480 0.4480 0.7845 -0.3994
6.8000 0.8285 0.8285 0.4585 0.4585 0.8002 -0.1158
7.0000 0.8329 0.8328 0.4612 0.4612 0.8042 -0.8214
7.2000 0.8353 0.8354 0.4642 0.4642 0.8087 -1.0825
7.4000 0.8434 0.8436 0.4695 0.4696 0.8168 1.1039
7.6000 0.8575 0.8575 0.4789 0.4790 0.8309 -0.4095
7.8000 0.8696 0.8695 0.4869 0.4869 0.8429 -0.0825
8.0000 0.8817 0.8818 0.4951 0.4952 0.8552 0.2614
8.2000 0.8957 0.8957 0.5044 0.5044 0.8691 -0.1207
8.4000 0.9036 0.9035 0.5095 0.5096 0.8768 -0.2715
8.6000 0.9038 0.9038 0.5098 0.5098 0.8772 -0.0631
8.8000 0.9016 0.9016 0.5081 0.5081 0.8749 0.0428
9.0000 0.8997 0.9000 0.5069 0.5070 0.8734 -0.0117
9.2000 0.8986 0.8988 0.5061 0.5061 0.8721 0.0551
9.4000 0.8986 0.8987 0.5061 0.5061 0.8721 -0.0089
9.6000 0.8986 0.8987 0.5061 0.5061 0.8721 0.0146
9.8000 0.8987 0.8987 0.5061 0.5061 0.8721 -0.0023
10.0000 0.8987 0.8987 0.5061 0.5061 0.8721 -0.0026
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% 4.3 HI-STORM 100%p¥ 2% %2 q,= 0.3 g ~ u=0.4 A 7 frp¥ 2 dr

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0023
0.2000 0.0000 0.0006 -0.0150 -0.0151 0.0009 0.0429
0.4000 0.0185 0.0007 -0.0432 -0.0431 0.0028 0.1111
0.6000 0.0738 -0.0013 -0.0280 -0.0270 0.0039 -0.3184
0.8000 -0.0247 -0.0067 -0.0623 -0.0622 -0.0002 -0.0375
1.0000 -0.0639 -0.0109 -0.0560 -0.0556 -0.0022 0.1912
1.2000 0.0337 -0.0032 -0.0593 -0.0591 0.0030 -0.2396
1.4000 0.0120 0.0051 -0.0662 -0.0661 0.0096 -1.1616
1.6000 -0.0148 0.0001 -0.0634 -0.0633 0.0095 -0.2628
1.8000 0.0163 0.0089 -0.0613 -0.0612 0.0166 0.5428
2.0000 0.0203 0.0169 -0.0566 -0.0565 0.0256 1.9343
2.2000 0.0297 0.0318 -0.0478 -0.0477 0.0397 -0.7303
2.4000 0.0391 0.0380 -0.0440 -0.0439 0.0458 -0.0227
2.6000 0.0425 0.0420 -0.0430 -0.0430 0.0476 0.2848
2.8000 0.0521 0.0522 -0.0358 -0.0358 0.0586 1.1891
3.0000 0.0795 0.0795 -0.0177 -0.0177 0.0859 0.4029
3.2000 0.0991 0.0991 -0.0051 -0.0050 0.1049 0.2506
3.4000 0.1252 0.1252 0.0124 0.0124 0.1311 0.4500
3.6000 0.1535 0.1535 0.0309 0.0309 0.1589 1.6950
3.8000 0.1786 0.1787 0.0472 0.0472 0.1833 1.1079
4.0000 0.1945 0.1946 0.0583 0.0583 0.2000 -0.1966
4.2000 0.2276 0.2276 0.0802 0.0802 0.2328 -1.7425
4.4000 0.2669 0.2669 0.1062 0.1062 0.2718 -0.2556
4.6000 0.3156 0.3156 0.1386 0.1386 0.3204 0.6016
4.8000 0.3560 0.3560 0.1653 0.1653 0.3605 -0.4649
5.0000 0.3892 0.3892 0.1869 0.1869 0.3929 -0.1495
5.2000 0.4378 0.4377 0.2186 0.2186 0.4404 0.1706
5.4000 0.4801 0.4801 0.2471 0.2471 0.4831 -0.0647
5.6000 0.5392 0.5391 0.2865 0.2865 0.5422 1.0340
5.8000 0.5922 0.5922 0.3211 0.3211 0.5941 -2.3005
6.0000 0.6486 0.6486 0.3582 0.3582 0.6498 0.1900
6.2000 0.6972 0.6971 0.3905 0.3905 0.6983 -0.2288
6.4000 0.7439 0.7439 0.4217 0.4217 0.7451 0.7428
6.6000 0.7839 0.7838 0.4480 0.4480 0.7844 -0.3993
6.8000 0.8004 0.8003 0.4584 0.4584 0.8001 -0.1160
7.0000 0.8043 0.8042 0.4611 0.4611 0.8041 -0.8213
7.2000 0.8086 0.8085 0.4642 0.4642 0.8086 -1.0825
7.4000 0.8165 0.8165 0.4695 0.4695 0.8167 1.1039
7.6000 0.8307 0.8307 0.4789 0.4789 0.8308 -0.4095
7.8000 0.8427 0.8427 0.4868 0.4868 0.8428 -0.0825
8.0000 0.8549 0.8550 0.4951 0.4951 0.8551 0.2614
8.2000 0.8687 0.8688 0.5043 0.5043 0.8689 -0.1207
8.4000 0.8764 0.8766 0.5095 0.5095 0.8767 -0.2715
8.6000 0.8768 0.8770 0.5098 0.5098 0.8771 -0.0631
8.8000 0.8746 0.8747 0.5080 0.5080 0.8748 0.0428
9.0000 0.8730 0.8731 0.5069 0.5069 0.8732 -0.0117
9.2000 0.8718 0.8719 0.5060 0.5061 0.8720 0.0551
9.4000 0.8716 0.8718 0.5060 0.5060 0.8720 -0.0089
9.6000 0.8717 0.8718 0.5060 0.5060 0.8720 0.0146
9.8000 0.8718 0.8718 0.5060 0.5060 0.8720 -0.0023
10.0000 0.8716 0.8718 0.5060 0.5060 0.8720 -0.0026
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% 4.4 HI-STORM 100°p+ 75 3% %632 ¢, =03 g ~ u = 0.6 A 7 fr P& 2045

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0023
0.2000 0.0000 0.0006 -0.0149 -0.0150 0.0009 0.0429
0.4000 0.0188 0.0007 -0.0434 -0.0434 0.0028 0.1111
0.6000 0.0762 -0.0032 -0.0269 -0.0259 0.0039 -0.3184
0.8000 -0.0210 -0.0129 -0.0668 -0.0668 -0.0002 -0.0375
1.0000 -0.0503 -0.0177 -0.0570 -0.0568 -0.0022 0.1911
1.2000 0.0030 -0.0073 -0.0656 -0.0655 0.0030 -0.2397
1.4000 -0.0102 -0.0012 -0.0659 -0.0659 0.0096 -1.1616
1.6000 0.0117 -0.0029 -0.0633 -0.0632 0.0095 -0.2628
1.8000 -0.0167 0.0038 -0.0564 -0.0564 0.0166 0.5425
2.0000 0.0344 0.0129 -0.0502 -0.0501 0.0256 1.9343
2.2000 0.0130 0.0270 -0.0435 -0.0434 0.0397 -0.7302
2.4000 0.0457 0.0333 -0.0401 -0.0400 0.0458 -0.0226
2.6000 0.0326 0.0350 -0.0422 -0.0421 0.0476 0.2848
2.8000 0.0353 0.0459 -0.0325 -0.0324 0.0586 1.1890
3.0000 0.0748 0.0732 -0.0169 -0.0169 0.0859 0.4029
3.2000 0.0980 0.0923 -0.0018 -0.0018 0.1049 0.2506
3.4000 0.1155 0.1182 0.0134 0.0135 0.1311 0.4501
3.6000 0.1405 0.1460 0.0327 0.0327 0.1588 1.6950
3.8000 0.1783 0.1705 0.0503 0.0504 0.1832 1.1080
4.0000 0.1882 0.1871 0.0591 0.0591 0.1999 -0.1974
4.2000 0.2223 0.2200 0.0810 0.0810 0.2327 -1.7425
4.4000 0.2607 0.2589 0.1069 0.1069 0.2716 -0.2556
4.6000 0.3096 0.3082 0.1390 0.1390 0.3203 0.6016
4.8000 0.3454 0.3476 0.1670 0.1670 0.3603 -0.4648
5.0000 0.3684 0.3811 0.1909 0.1910 0.3927 -0.1494
5.2000 0.4472 0.4285 0.2251 0.2252 0.4402 0.1702
5.4000 0.4539 0.4708 0.2541 0.2542 0.4828 -0.0647
5.6000 0.5498 0.5299 0.2935 0.2936 0.5419 1.0341
5.8000 0.5633 0.5818 0.3276 0.3276 0.5937 -2.3005
6.0000 0.6478 0.6375 0.3619 0.3619 0.6494 0.1901
6.2000 0.6912 0.6859 0.3922 0.3922 0.6978 -0.2286
6.4000 0.7270 0.7327 0.4234 0.4235 0.7446 0.7429
6.6000 0.7717 0.7722 0.4482 0.4482 0.7839 -0.3993
6.8000 0.8027 0.7882 0.4639 0.4640 0.7996 -0.1165
7.0000 0.7767 0.7922 0.4665 0.4666 0.8036 -0.8210
7.2000 0.7915 0.7969 0.4657 0.4657 0.8081 -1.0826
7.4000 0.8130 0.8049 0.4718 0.4718 0.8162 1.1040
7.6000 0.8275 0.8190 0.4814 0.4814 0.8303 -0.4095
7.8000 0.8272 0.8310 0.4884 0.4884 0.8423 -0.0824
8.0000 0.8385 0.8433 0.4973 0.4973 0.8546 0.2614
8.2000 0.8522 0.8571 0.5057 0.5057 0.8684 -0.1207
8.4000 0.8606 0.8649 0.5106 0.5107 0.8762 -0.2715
8.6000 0.8655 0.8652 0.5099 0.5099 0.8766 -0.0631
8.8000 0.8636 0.8629 0.5081 0.5082 0.8743 0.0428
9.0000 0.8626 0.8614 0.5071 0.5072 0.8727 -0.0117
9.2000 0.8607 0.8602 0.5060 0.5060 0.8715 0.0551
9.4000 0.8605 0.8601 0.5059 0.5059 0.8715 -0.0089
9.6000 0.8601 0.8601 0.5058 0.5058 0.8715 0.0146
9.8000 0.8603 0.8601 0.5058 0.5058 0.8715 -0.0023
10.0000 0.8600 0.8601 0.5058 0.5058 0.8715 -0.0026
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% 4.5 HI-STORM 100%p¥ 2% %> q,= 0.5 g ~ n=0.2 A 45 frp¥ 24

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0038
0.2000 -0.0001 0.0010 -0.0150 -0.0150 0.0015 0.0715
0.4000 0.0263 -0.0016 -0.0451 -0.0450 0.0047 0.1852
0.6000 0.0990 0.0188 -0.0391 -0.0381 0.0064 -0.5307
0.8000 0.0653 0.0485 -0.0701 -0.0700 -0.0004 -0.0625
1.0000 0.0281 0.0352 -0.0744 -0.0744 -0.0036 0.3185
1.2000 0.0349 0.0348 -0.0716 -0.0716 0.0050 -0.3997
1.4000 0.0444 0.0444 -0.0643 -0.0643 0.0161 -1.9360
1.6000 0.0465 0.0465 -0.0645 -0.0645 0.0158 -0.4380
1.8000 0.0574 0.0574 -0.0566 -0.0566 0.0277 0.9045
2.0000 0.0716 0.0717 -0.0465 -0.0465 0.0427 3.2238
2.2000 0.0942 0.0942 -0.0309 -0.0309 0.0662 -1.2173
2.4000 0.1097 0.1097 -0.0241 -0.0241 0.0764 -0.0375
2.6000 0.1156 0.1156 -0.0220 -0.0220 0.0795 0.4751
2.8000 0.1270 0.1270 -0.0098 -0.0098 0.0978 1.9817
3.0000 0.1692 0.1692 0.0205 0.0205 0.1433 0.6714
3.2000 0.2108 0.2108 0.0416 0.0416 0.1749 0.4176
3.4000 0.2496 0.2496 0.0708 0.0708 0.2186 0.7501
3.6000 0.3016 0.3017 0.1016 0.1016 0.2649 2.8249
3.8000 0.3478 0.3478 0.1287 0.1287 0.3056 1.8469
4.0000 0.3731 0.3732 0.1472 0.1472 0.3333 -0.3283
4.2000 0.4168 0.4168 0.1837 0.1837 0.3881 -2.9043
4.4000 0.4804 0.4804 0.2270 0.2270 0.4530 -0.4270
4.6000 0.5582 0.5582 0.2811 0.2811 0.5341 1.0030
4.8000 0.6289 0.6289 0.3256 0.3256 0.6009 -0.7757
5.0000 0.6869 0.6869 0.3615 0.3616 0.6549 -0.2493
5.2000 0.7654 0.7654 0.4144 0.4144 0.7342 0.2845
5.4000 0.8344 0.8344 0.4618 0.4618 0.8053 -0.1078
5.6000 0.9309 0.9310 0.5275 0.5275 0.9038 1.7236
5.8000 1.0251 1.0250 0.5851 0.5851 0.9903 -3.8338
6.0000 1.1186 1.1184 0.6471 0.6471 1.0831 0.3178
6.2000 1.2018 1.2015 0.7010 0.7010 1.1640 -0.3813
6.4000 1.2787 1.2786 0.7530 0.7530 1.2419 1.2379
6.6000 1.3562 1.3559 0.7967 0.7967 1.3075 -0.6655
6.8000 1.3928 1.3923 0.8142 0.8142 1.3339 -0.1935
7.0000 1.4026 1.4020 0.8185 0.8185 1.3405 -1.3688
7.2000 1.4062 1.4058 0.8236 0.8236 1.3481 -1.8038
7.4000 1.4215 1.4211 0.8325 0.8325 1.3615 1.8400
7.6000 1.4451 1.4444 0.8482 0.8482 1.3851 -0.6824
7.8000 1.4653 1.4646 0.8615 0.8615 1.4050 -0.1373
8.0000 1.4857 1.4852 0.8753 0.8753 1.4256 0.4356
8.2000 1.5090 1.5083 0.8907 0.8907 1.4487 -0.2012
8.4000 1.5223 1.5216 0.8993 0.8994 1.4617 -0.4525
8.6000 1.5232 1.5225 0.8997 0.8998 1.4622 -0.1052
8.8000 1.5193 1.5186 0.8969 0.8969 1.4581 0.0713
9.0000 1.5168 1.5159 0.8951 0.8951 1.4554 -0.0194
9.2000 1.5151 1.5141 0.8938 0.8938 1.4536 0.0918
9.4000 1.5151 1.5141 0.8937 0.8937 1.4536 -0.0149
9.6000 1.5140 1.5141 0.8937 0.8937 1.4536 0.0244
9.8000 1.5147 1.5141 0.8937 0.8937 1.4536 -0.0038
10.0000 1.5144 1.5141 0.8937 0.8937 1.4536 -0.0044
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% 4.6 HI-STORM 100%p¥ 2% %62 q,= 0.5 g ~ u=0.4 A 7 frp¥ 24

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0038
0.2000 -0.0001 0.0011 -0.0146 -0.0147 0.0015 0.0715
0.4000 0.0268 0.0021 -0.0442 -0.0441 0.0047 0.1853
0.6000 0.1174 0.0020 -0.0257 -0.0236 0.0064 -0.5306
0.8000 0.0396 -0.0054 -0.0585 -0.0583 -0.0004 -0.0624
1.0000 -0.0956 -0.0188 -0.0481 -0.0472 -0.0036 0.3186
1.2000 -0.0680 -0.0159 -0.0524 -0.0521 0.0050 -0.3993
1.4000 0.0517 -0.0025 -0.0443 -0.0438 0.0161 -1.9360
1.6000 0.0264 0.0074 -0.0576 -0.0576 0.0158 -0.4380
1.8000 -0.0328 0.0151 -0.0390 -0.0386 0.0277 0.9042
2.0000 0.0548 0.0268 -0.0363 -0.0361 0.0427 3.2238
2.2000 0.0419 0.0562 -0.0258 -0.0256 0.0661 -1.2173
2.4000 0.0823 0.0664 -0.0185 -0.0184 0.0763 -0.0379
2.6000 0.0595 0.0700 -0.0184 -0.0183 0.0794 0.4766
2.8000 0.0860 0.0872 -0.0093 -0.0093 0.0977 1.9818
3.0000 0.1272 0.1328 0.0222 0.0222 0.1431 0.6711
3.2000 0.1781 0.1667 0.0449 0.0449 0.1748 0.4177
3.4000 0.2010 0.2014 0.0711 0.0711 0.2184 0.7499
3.6000 0.2468 0.2478 0.1021 0.1021 0.2647 2.8251
3.8000 0.2973 0.2955 0.1292 0.1293 0.3053 1.8468
4.0000 0.3102 0.3217 0.1506 0.1507 0.3331 -0.3285
4.2000 0.3720 0.3732 0.1840 0.1840 0.3878 -2.9043
4.4000 0.4369 0.4361 0.2275 0.2275 0.4527 -0.4267
4.6000 0.5153 0.5155 0.2819 0.2819 0.5337 1.0030
4.8000 0.5797 0.5864 0.3273 0.3273 0.6005 -0.7743
5.0000 0.6290 0.6422 0.3659 0.3659 0.6544 -0.2494
5.2000 0.7310 0.7213 0.4176 0.4176 0.7336 0.2837
5.4000 0.7954 0.7956 0.4619 0.4619 0.8047 -0.1079
5.6000 0.8936 0.8947 0.5276 0.5276 0.9031 1.7233
5.8000 0.9875 0.9870 0.5850 0.5850 0.9895 -3.8341
6.0000 1.0832 1.0783 0.6482 0.6482 1.0824 0.3171
6.2000 1.1632 1.1607 0.7012 0.7012 1.1631 -0.3812
6.4000 1.2375 1.2378 0.7526 0.7525 1.2410 1.2378
6.6000 1.3067 1.3066 0.7962 0.7962 1.3066 -0.6657
6.8000 1.3369 1.3361 0.8139 0.8138 1.3329 -0.1931
7.0000 1.3421 1.3418 0.8181 0.8180 1.3394 -1.3690
7.2000 1.3492 1.3483 0.8233 0.8232 1.3470 -1.8042
7.4000 1.3620 1.3623 0.8321 0.8319 1.3604 1.8399
7.6000 1.3859 1.3858 0.8476 0.8475 1.3839 -0.6825
7.8000 1.4059 1.4057 0.8609 0.8607 1.4038 -0.1374
8.0000 1.4263 1.4262 0.8747 0.8745 1.4244 0.4356
8.2000 1.4495 1.4493 0.8900 0.8899 1.4474 -0.2012
8.4000 1.4626 1.4623 0.8986 0.8985 1.4604 -0.4524
8.6000 1.4633 1.4629 0.8990 0.8989 1.4609 -0.1052
8.8000 1.4589 1.4587 0.8961 0.8960 1.4568 0.0714
9.0000 1.4562 1.4560 0.8944 0.8942 1.4541 -0.0194
9.2000 1.4544 1.4542 0.8930 0.8929 1.4523 0.0918
9.4000 1.4543 1.4542 0.8929 0.8928 1.4523 -0.0149
9.6000 1.4545 1.4542 0.8929 0.8928 1.4523 0.0244
9.8000 1.4544 1.4542 0.8929 0.8928 1.4523 -0.0038
10.0000 1.4547 1.4542 0.8930 0.8928 1.4523 -0.0044
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% 4.7 HI-STORM 100%p¥ 2% %> q,= 0.5 g ~ u=0.6 A 7 fr ¥ 245

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0038
0.2000 -0.0001 0.0011 -0.0145 -0.0146 0.0015 0.0715
0.4000 0.0267 0.0021 -0.0443 -0.0442 0.0047 0.1852
0.6000 0.1181 -0.0004 -0.0250 -0.0227 0.0064 -0.5306
0.8000 0.0408 -0.0091 -0.0569 -0.0565 -0.0004 -0.0624
1.0000 -0.1017 -0.0183 -0.0468 -0.0457 -0.0036 0.3185
1.2000 -0.0823 -0.0098 -0.0450 -0.0442 0.0050 -0.3995
1.4000 0.0581 0.0039 -0.0436 -0.0431 0.0161 -1.9362
1.6000 0.0765 0.0051 -0.0383 -0.0376 0.0158 -0.4380
1.8000 -0.0360 0.0168 -0.0364 -0.0359 0.0277 0.9042
2.0000 -0.0213 0.0311 -0.0273 -0.0269 0.0427 3.2238
2.2000 0.1050 0.0551 -0.0124 -0.0120 0.0661 -1.2172
2.4000 0.0949 0.0655 -0.0135 -0.0133 0.0763 -0.0376
2.6000 0.0241 0.0682 -0.0059 -0.0055 0.0794 0.4751
2.8000 0.1037 0.0862 -0.0036 -0.0034 0.0977 1.9816
3.0000 0.1169 0.1317 0.0257 0.0259 0.1431 0.6717
3.2000 0.1842 0.1634 0.0490 0.0492 0.1748 0.4177
3.4000 0.1766 0.2069 0.0817 0.0819 0.2184 0.7498
3.6000 0.2816 0.2532 0.1117 0.1120 0.2647 2.8251
3.8000 0.2860 0.2940 0.1314 0.1316 0.3053 1.8470
4.0000 0.3197 0.3216 0.1480 0.1481 0.3330 -0.3278
4.2000 0.3694 0.3763 0.1859 0.1860 0.3878 -2.9042
4.4000 0.4329 0.4412 0.2296 0.2297 0.4526 -0.4263
4.6000 0.5286 0.5222 0.2828 0.2829 0.5337 1.0028
4.8000 0.5867 0.5890 0.3261 0.3262 0.6005 -0.7759
5.0000 0.6276 0.6427 0.3656 0.3657 0.6544 -0.2493
5.2000 0.7453 0.7214 0.4219 0.4220 0.7336 0.2844
5.4000 0.7728 0.7919 0.4705 0.4707 0.8047 -0.1079
5.6000 0.8906 0.8904 0.5278 0.5278 0.9031 1.7235
5.8000 1.0038 0.9799 0.5973 0.5976 0.9895 -3.8342
6.0000 1.0213 1.0723 0.6656 0.6660 1.0823 0.3172
6.2000 1.1639 1.1530 0.7050 0.7051 1.1630 -0.3814
6.4000 1.2546 1.2305 0.7635 0.7638 1.2409 1.2381
6.6000 1.2891 1.2980 0.8038 0.8040 1.3065 -0.6657
6.8000 1.3545 1.3268 0.8276 0.8279 1.3328 -0.1940
7.0000 1.3116 1.3345 0.8267 0.8268 1.3394 -1.3686
7.2000 1.3452 1.3417 0.8248 0.8249 1.3471 -1.8042
7.4000 1.3619 1.3556 0.8351 0.8352 1.3605 1.8399
7.6000 1.3663 1.3796 0.8548 0.8550 1.3841 -0.6824
7.8000 1.4085 1.3991 0.8678 0.8679 1.4040 -0.1373
8.0000 1.4073 1.4193 0.8806 0.8807 1.4246 0.4356
8.2000 1.4557 1.4426 0.8948 0.8949 1.4477 -0.2012
8.4000 1.4553 1.4554 0.8998 0.8999 1.4607 -0.4524
8.6000 1.4482 1.4562 0.9022 0.9023 1.4613 -0.1052
8.8000 1.4563 1.4521 0.8996 0.8997 1.4572 0.0713
9.0000 1.4503 1.4495 0.8970 0.8971 1.4545 -0.0194
9.2000 1.4485 1.4477 0.8945 0.8946 1.4527 0.0918
9.4000 1.4489 1.4476 0.8947 0.8947 1.4527 -0.0149
9.6000 1.4478 1.4476 0.8939 0.8940 1.4527 0.0244
9.8000 1.4483 1.4478 0.8938 0.8939 1.4527 -0.0038
10.0000 1.4480 1.4478 0.8938 0.8938 1.4527 -0.0044
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% 4.8 HI-STORM 100%p¥ 2% % v q,=0.8 g ~ u=0.2 A 7 frp¥ 245

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0061
0.2000 -0.0001 0.0017 -0.0144 -0.0144 0.0025 0.1144
0.4000 0.0326 -0.0060 -0.0474 -0.0472 0.0075 0.2963
0.6000 0.1053 0.0277 -0.0396 -0.0387 0.0103 -0.8489
0.8000 0.0737 0.0771 -0.0713 -0.0713 -0.0006 -0.1001
1.0000 0.0716 0.0760 -0.0766 -0.0766 -0.0058 0.5097
1.2000 0.0882 0.0883 -0.0696 -0.0696 0.0080 -0.6394
1.4000 0.1048 0.1048 -0.0579 -0.0579 0.0257 -3.0977
1.6000 0.1136 0.1136 -0.0582 -0.0582 0.0253 -0.7007
1.8000 0.1344 0.1344 -0.0455 -0.0455 0.0443 1.4473
2.0000 0.1585 0.1585 -0.0294 -0.0294 0.0684 5.1581
2.2000 0.1919 0.1919 -0.0044 -0.0044 0.1059 -1.9477
2.4000 0.2141 0.2141 0.0065 0.0065 0.1222 -0.0600
2.6000 0.2270 0.2270 0.0097 0.0097 0.1271 0.7599
2.8000 0.2449 0.2449 0.0293 0.0293 0.1564 3.1707
3.0000 0.3049 0.3050 0.0778 0.0778 0.2292 1.0742
3.2000 0.3727 0.3727 0.1116 0.1116 0.2799 0.6682
3.4000 0.4349 0.4349 0.1582 0.1582 0.3498 1.2001
3.6000 0.5209 0.5209 0.2076 0.2076 0.4239 4.5200
3.8000 0.5986 0.5986 0.2510 0.2510 0.4889 2.9551
4.0000 0.6454 0.6454 0.2806 0.2806 0.5334 -0.5261
4.2000 0.7112 0.7113 0.3390 0.3390 0.6210 -4.6467
4.4000 0.8084 0.8084 0.4082 0.4082 0.7248 -0.6821
4.6000 0.9313 0.9312 0.4947 0.4947 0.8546 1.6045
4.8000 1.0458 1.0460 0.5660 0.5660 0.9614 -1.2404
5.0000 1.1450 1.1452 0.6235 0.6235 1.0477 -0.3988
5.2000 1.2714 1.2713 0.7081 0.7081 1.1746 0.4534
5.4000 1.3840 1.3840 0.7839 0.7839 1.2884 -0.1726
5.6000 1.5312 1.5313 0.8890 0.8890 1.4460 2.7572
5.8000 1.6830 1.6828 0.9813 0.9812 1.5843 -6.1347
6.0000 1.8308 1.8307 1.0803 1.0803 1.7329 0.5080
6.2000 1.9670 1.9670 1.1665 1.1665 1.8622 -0.6103
6.4000 2.0895 2.0894 1.2497 1.2497 1.9869 1.9804
6.6000 2.2208 2.2205 1.3197 1.3198 2.0920 -1.0655
6.8000 2.3028 2.3024 1.3477 1.3478 2.1337 -0.3087
7.0000 2.3330 2.3327 1.3548 1.3549 2.1446 -2.1896
7.2000 2.3379 2.3378 1.3630 1.3631 2.1567 -2.8865
7.4000 2.3608 2.3605 1.3772 1.3773 2.1781 2.9439
7.6000 2.3951 2.3949 1.4023 1.4024 2.2156 -1.0919
7.8000 24271 2.4269 1.4235 1.4236 2.2474 -0.2198
8.0000 2.4599 2.4596 1.4456 1.4458 2.2804 0.6970
8.2000 2.4975 2.4970 1.4703 1.4705 23174 -0.3219
8.4000 2.5188 2.5184 1.4841 1.4843 2.3382 -0.7239
8.6000 2.5202 2.5204 1.4848 1.4850 2.3392 -0.1683
8.8000 2.5125 2.5137 1.4805 1.4807 2.3322 0.1141
9.0000 2.5080 2.5089 1.4777 1.4779 2.3276 -0.0311
9.2000 2.5054 2.5055 1.4756 1.4759 2.3243 0.1469
9.4000 2.5061 2.5055 1.4756 1.4758 2.3243 -0.0238
9.6000 2.5074 2.5055 1.4756 1.4758 2.3243 0.0390
9.8000 2.5074 2.5055 1.4756 1.4758 2.3243 -0.0061
10.0000 2.5061 2.5055 1.4756 1.4758 2.3243 -0.0070
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% 4.9 HI-STORM 100%p¥ 2% %>+ q,= 0.8 g ~ n= 0.4 A 7 frp¥ 24

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0061
0.2000 -0.0001 0.0018 -0.0140 -0.0141 0.0025 0.1145
0.4000 0.0305 0.0049 -0.0437 -0.0436 0.0075 0.2963
0.6000 0.1333 0.0077 -0.0214 -0.0189 0.0103 -0.8489
0.8000 0.0690 -0.0027 -0.0490 -0.0483 -0.0006 -0.0999
1.0000 -0.0907 -0.0177 -0.0497 -0.0489 -0.0058 0.5096
1.2000 -0.1027 -0.0179 -0.0386 -0.0376 0.0080 -0.6389
1.4000 0.0334 -0.0003 -0.0458 -0.0455 0.0257 -3.0977
1.6000 0.0833 0.0227 -0.0359 -0.0353 0.0253 -0.7006
1.8000 -0.0015 0.0420 -0.0295 -0.0291 0.0443 1.4470
2.0000 0.0412 0.0547 -0.0248 -0.0247 0.0683 5.1581
2.2000 0.1184 0.1048 0.0003 0.0005 0.1058 -1.9474
2.4000 0.1274 0.1225 0.0082 0.0083 0.1221 -0.0603
2.6000 0.1344 0.1288 0.0118 0.0118 0.1270 0.7620
2.8000 0.1197 0.1543 0.0410 0.0412 0.1563 3.1707
3.0000 0.2276 0.2145 0.0823 0.0824 0.2290 1.0747
3.2000 0.2640 0.2673 0.1125 0.1126 0.2796 0.6682
3.4000 0.3381 0.3368 0.1585 0.1586 0.3495 1.1998
3.6000 0.4274 0.4228 0.2090 0.2090 0.4236 4.5199
3.8000 0.5023 0.4864 0.2563 0.2563 0.4886 2.9551
4.0000 0.5291 0.5299 0.2807 0.2807 0.5330 -0.5270
4.2000 0.5951 0.6088 0.3438 0.3439 0.6206 -4.6469
4.4000 0.7109 0.7123 0.4085 0.4085 0.7243 -0.6815
4.6000 0.8454 0.8381 0.4968 0.4968 0.8541 1.6046
4.8000 0.9479 0.9489 0.5661 0.5661 0.9609 -1.2409
5.0000 1.0440 1.0453 0.6237 0.6237 1.0471 -0.3990
5.2000 1.1769 1.1765 0.7079 0.7079 1.1740 0.4542
5.4000 1.2849 1.2868 0.7844 0.7844 1.2877 -0.1726
5.6000 1.4438 1.4445 0.8889 0.8889 1.4453 2.7577
5.8000 1.5949 1.5959 0.9814 0.9814 1.5836 -6.1345
6.0000 1.7395 1.7467 1.0856 1.0856 1.7321 0.5082
6.2000 1.8895 1.8853 1.1702 1.1702 1.8614 -0.6103
6.4000 2.0116 2.0102 1.2500 1.2500 1.9860 1.9808
6.6000 2.1269 2.1273 1.3195 1.3195 2.0910 -1.0659
6.8000 2.1837 2.1804 1.3483 1.3483 2.1328 -0.3101
7.0000 2.1955 2.1958 1.3545 1.3545 2.1437 -2.1898
7.2000 2.2010 2.2010 1.3626 1.3626 2.1558 -2.8863
7.4000 2.2212 2.2225 1.3774 1.3774 2.1772 2.9441
7.6000 2.2556 2.2570 1.4027 1.4027 2.2147 -1.0919
7.8000 2.2909 2.2886 1.4236 1.4236 2.2465 -0.2198
8.0000 2.3219 2.3210 1.4453 1.4452 2.2795 0.6970
8.2000 2.3588 2.3580 1.4698 1.4697 2.3164 -0.3219
8.4000 2.3802 2.3790 1.4836 1.4835 2.3372 -0.7239
8.6000 2.3814 2.3802 1.4842 1.4842 2.3382 -0.1683
8.8000 2.3740 2.3732 1.4800 1.4799 2.3313 0.1141
9.0000 2.3702 2.3686 1.4771 1.4771 2.3267 -0.0311
9.2000 2.3666 2.3652 1.4751 1.4750 2.3233 0.1469
9.4000 2.3666 2.3652 1.4750 1.4750 2.3233 -0.0238
9.6000 2.3671 2.3652 1.4751 1.4750 2.3233 0.0390
9.8000 2.3667 2.3652 1.4751 1.4750 2.3233 -0.0061
10.0000 2.3668 2.3652 1.4751 1.4750 2.3233 -0.0070
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% 4.10 HI-STORM 100%p¥ 7 2% %63t a,= 0.8 g ~ u= 0.6 A 45 fr P& 22 4%

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0061
0.2000 -0.0001 0.0018 -0.0139 -0.0140 0.0025 0.1144
0.4000 0.0304 0.0049 -0.0438 -0.0437 0.0075 0.2964
0.6000 0.1340 0.0057 -0.0206 -0.0180 0.0103 -0.8489
0.8000 0.0702 -0.0057 -0.0475 -0.0467 -0.0006 -0.1000
1.0000 -0.0926 -0.0173 -0.0469 -0.0460 -0.0058 0.5097
1.2000 -0.1142 -0.0051 -0.0300 -0.0282 0.0080 -0.6387
1.4000 0.0261 0.0133 -0.0506 -0.0505 0.0257 -3.0978
1.6000 0.1274 0.0218 -0.0195 -0.0178 0.0253 -0.7005
1.8000 0.0561 0.0409 -0.0401 -0.0400 0.0443 1.4474
2.0000 -0.0219 0.0625 0.0021 0.0034 0.0683 5.1582
2.2000 0.0633 0.0986 0.0084 0.0086 0.1058 -1.9478
2.4000 0.2041 0.1172 0.0383 0.0396 0.1221 -0.0602
2.6000 0.1856 0.1266 0.0313 0.0319 0.1270 0.7602
2.8000 0.0601 0.1532 0.0640 0.0655 0.1562 3.1706
3.0000 0.0724 0.2236 0.1316 0.1352 0.2289 1.0746
3.2000 0.2442 0.2746 0.1225 0.1226 0.2795 0.6682
3.4000 0.4207 0.3433 0.1871 0.1882 0.3493 1.1998
3.6000 0.4341 04184 0.2128 0.2130 0.4232 4.5201
3.8000 0.4230 0.4846 0.2732 0.2740 0.4882 2.9544
4.0000 0.5445 0.5282 0.2858 0.2860 0.5325 -0.5255
4.2000 0.5826 0.6167 0.3508 0.3511 0.6199 -4.6467
4.4000 0.7171 0.7202 0.4092 0.4094 0.7236 -0.6827
4.6000 0.8474 0.8498 0.4952 0.4954 0.8531 1.6051
4.8000 0.9559 0.9566 0.5659 0.5660 0.9597 -1.2404
5.0000 1.0316 1.0424 0.6258 0.6259 1.0459 -0.3984
5.2000 1.1917 1.1695 0.7149 0.7150 1.1725 0.4536
5.4000 1.2594 1.2828 0.7919 0.7921 1.2862 -0.1726
5.6000 1.3981 1.4395 0.9030 0.9034 1.4436 2.7566
5.8000 1.6280 1.5798 0.9971 0.9975 1.5817 -6.1345
6.0000 1.7052 1.7332 1.0895 1.0897 1.7300 0.5078
6.2000 1.8609 1.8624 1.1657 1.1658 1.8591 -0.6099
6.4000 2.0011 1.9870 1.2525 1.2526 1.9836 1.9804
6.6000 2.0914 2.0911 1.3183 1.3183 2.0884 -1.0651
6.8000 2.1875 2.1383 1.3624 1.3627 2.1302 -0.3089
7.0000 2.1299 2.1495 1.3606 1.3607 2.1411 -2.1904
7.2000 2.1458 2.1609 1.3659 1.3660 2.1532 -2.8867
7.4000 2.2128 2.1826 1.3839 1.3841 2.1745 2.9437
7.6000 2.1849 2.2201 1.4100 1.4103 2.2120 -1.0920
7.8000 2.2747 2.2516 1.4283 1.4285 2.2438 -0.2199
8.0000 2.2689 2.2844 1.4488 1.4490 2.2767 0.6970
8.2000 2.3370 2.3213 1.4728 1.4729 2.3136 -0.3219
8.4000 2.3420 2.3419 1.4829 1.4830 2.3344 -0.7239
8.6000 2.3370 2.3428 1.4848 1.4849 2.3355 -0.1683
8.8000 2.3436 2.3359 1.4807 1.4809 2.3285 0.1142
9.0000 2.3368 2.3312 1.4774 1.4776 2.3239 -0.0311
9.2000 2.3302 2.3279 1.4745 1.4746 2.3206 0.1469
9.4000 2.3302 2.3282 1.4743 1.4744 2.3206 -0.0238
9.6000 2.3277 2.3283 1.4740 1.4741 2.3206 0.0390
9.8000 2.3279 2.3284 1.4740 1.4741 2.3206 -0.0061
10.0000 2.3282 2.3284 1.4740 1.4741 2.3206 -0.0070
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o

% 4.11 HI-STORM 100%F% % 2% % a,= 1.0 g ~ p= 0.2 A 15 fr P 2045

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0077
0.2000 -0.0001 0.0021 -0.0139 -0.0140 0.0031 0.1430
0.4000 0.0347 -0.0072 -0.0480 -0.0478 0.0094 0.3706
0.6000 0.1053 0.0288 -0.0382 -0.0374 0.0128 -1.0613
0.8000 0.0738 0.0768 -0.0716 -0.0716 -0.0008 -0.1249
1.0000 0.0678 0.0734 -0.0778 -0.0778 -0.0072 0.6371
1.2000 0.0835 0.0835 -0.0683 -0.0683 0.0100 -0.7990
1.4000 0.1039 0.1039 -0.0536 -0.0536 0.0321 -3.8724
1.6000 0.1150 0.1150 -0.0539 -0.0539 0.0316 -0.8756
1.8000 0.1401 0.1401 -0.0381 -0.0381 0.0554 1.8095
2.0000 0.1698 0.1698 -0.0180 -0.0180 0.0855 6.4477
2.2000 0.2105 0.2105 0.0133 0.0133 0.1324 -2.4342
2.4000 0.2384 0.2384 0.0268 0.0269 0.1528 -0.0752
2.6000 0.2557 0.2557 0.0309 0.0309 0.1589 0.9512
2.8000 0.2767 0.2768 0.0553 0.0553 0.1955 3.9632
3.0000 0.3479 0.3479 0.1160 0.1160 0.2865 1.3422
3.2000 0.4341 0.4341 0.1582 0.1583 0.3499 0.8354
3.4000 0.5080 0.5080 0.2165 0.2165 0.4373 1.4997
3.6000 0.6148 0.6148 0.2782 0.2782 0.5298 5.6500
3.8000 0.7142 0.7142 0.3325 0.3325 0.6112 3.6932
4.0000 0.7809 0.7810 0.3695 0.3695 0.6667 -0.6593
4.2000 0.8641 0.8642 0.4425 0.4425 0.7762 -5.8085
4.4000 0.9819 0.9819 0.5290 0.5290 0.9060 -0.8542
4.6000 1.1301 1.1301 0.6372 0.6372 1.0682 2.0062
4.8000 1.2748 1.2749 0.7262 0.7262 1.2018 -1.5507
5.0000 1.4017 1.4019 0.7981 0.7981 1.3097 -0.4979
5.2000 1.5562 1.5564 0.9038 0.9038 1.4682 0.5681
5.4000 1.6974 1.6976 0.9986 0.9986 1.6105 -0.2157
5.6000 1.8750 1.8751 1.1299 1.1300 1.8075 3.4459
5.8000 2.0649 2.0649 1.2451 1.2453 1.9804 -7.6678
6.0000 2.2498 2.2499 1.3689 1.3691 2.1662 0.6352
6.2000 2.4229 2.4230 1.4767 1.4769 2.3278 -0.7623
6.4000 2.5771 2.5772 1.5807 1.5809 2.4837 2.4755
6.6000 2.7435 2.7436 1.6682 1.6684 2.6150 -1.3314
6.8000 2.8621 2.8626 1.7032 1.7034 2.6676 -0.3878
7.0000 2.9275 2.9280 1.7119 1.7121 2.6808 -2.7368
7.2000 2.9521 2.9523 1.7220 1.7222 2.6961 -3.6078
7.4000 2.9814 2.9816 1.7398 1.7400 2.7230 3.6800
7.6000 3.0239 3.0238 1.7713 1.7715 2.7701 -1.3648
7.8000 3.0642 3.0640 1.7979 1.7981 2.8099 -0.2747
8.0000 3.1052 3.1049 1.8256 1.8258 2.8511 0.8712
8.2000 3.1520 3.1518 1.8563 1.8565 2.8972 -0.4023
8.4000 3.1785 3.1781 1.8736 1.8738 2.9232 -0.9049
8.6000 3.1804 3.1804 1.8745 1.8747 2.9244 -0.2103
8.8000 3.1728 3.1723 1.8687 1.8689 29161 0.1427
9.0000 3.1683 3.1669 1.8653 1.8655 2.9107 -0.0389
9.2000 3.1649 3.1633 1.8626 1.8628 2.9072 0.1836
9.4000 3.1635 3.1632 1.8625 1.8627 2.9072 -0.0298
9.6000 3.1660 3.1632 1.8625 1.8627 2.9072 0.0487
9.8000 3.1642 3.1632 1.8625 1.8627 2.9072 -0.0076
10.0000 3.1656 3.1632 1.8625 1.8627 2.9072 -0.0087
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% 4.12 HI-STORM 1008+ 7 % %t q,= 1.0 g ~ n=0.4 » 45 Fr ¥ 204

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0077
0.2000 -0.0002 0.0022 -0.0136 -0.0136 0.0031 0.1430
0.4000 0.0318 0.0071 -0.0430 -0.0429 0.0094 0.3706
0.6000 0.1375 0.0121 -0.0187 -0.0162 0.0128 -1.0612
0.8000 0.0785 -0.0001 -0.0466 -0.0457 -0.0008 -0.1250
1.0000 -0.0866 -0.0164 -0.0511 -0.0503 -0.0072 0.6372
1.2000 -0.1104 -0.0177 -0.0344 -0.0332 0.0100 -0.7985
1.4000 0.0222 0.0009 -0.0432 -0.0431 0.0321 -3.8728
1.6000 0.0980 0.0279 -0.0282 -0.0275 0.0316 -0.8758
1.8000 0.0197 0.0525 -0.0258 -0.0256 0.0553 1.8095
2.0000 0.0491 0.0657 -0.0123 -0.0122 0.0854 6.4477
2.2000 0.1314 0.1278 0.0147 0.0148 0.1323 -2.4347
2.4000 0.1512 0.1492 0.0276 0.0277 0.1526 -0.0750
2.6000 0.1740 0.1670 0.0333 0.0334 0.1587 0.9499
2.8000 0.1848 0.1998 0.0606 0.0607 0.1953 3.9633
3.0000 0.2772 0.2824 0.1177 0.1177 0.2862 1.3434
3.2000 0.3723 0.3592 0.1628 0.1629 0.3495 0.8353
3.4000 0.4175 0.4285 0.2202 0.2202 0.4369 1.5000
3.6000 0.5332 0.5326 0.2783 0.2783 0.5293 5.6500
3.8000 0.6393 0.6204 0.3390 0.3391 0.6106 3.6930
4.0000 0.6745 0.6761 0.3697 0.3697 0.6661 -0.6559
4.2000 0.7561 0.7695 0.4470 0.4471 0.7755 -5.8084
4.4000 0.8990 0.8991 0.5292 0.5292 0.9052 -0.8541
4.6000 1.0646 1.0611 0.6377 0.6378 1.0674 2.0059
4.8000 1.1974 1.2018 0.7270 0.7271 1.2009 -1.5513
5.0000 1.3023 1.3211 0.8036 0.8036 1.3087 -0.4988
5.2000 1.4728 1.4602 0.9079 0.9079 1.4671 0.5670
5.4000 1.5842 1.6051 1.0056 1.0057 1.6092 -0.2158
5.6000 1.7633 1.7820 1.1357 1.1358 1.8060 3.4459
5.8000 2.0043 1.9773 1.2541 1.2542 1.9787 -7.6679
6.0000 2.1444 2.1722 1.3783 1.3785 2.1643 0.6337
6.2000 2.3731 2.3413 1.4874 1.4876 2.3259 -0.7626
6.4000 2.4788 2.5003 1.5875 1.5876 2.4816 2.4762
6.6000 2.6542 2.6294 1.6765 1.6767 2.6128 -1.3311
6.8000 2.7391 2.7290 1.7057 1.7057 2.6655 -0.3865
7.0000 2.7582 2.7585 1.7114 1.7114 2.6789 -2.7377
7.2000 2.7506 2.7646 1.7266 1.7267 2.6943 -3.6081
7.4000 2.8028 2.7960 1.7426 1.7427 2.7213 3.6801
7.6000 2.8431 2.8438 1.7712 1.7713 2.7685 -1.3648
7.8000 2.8816 2.8844 1.8002 1.8003 2.8084 -0.2749
8.0000 2.9314 2.9251 1.8279 1.8280 2.8497 0.8712
8.2000 2.9739 29717 1.8580 1.8581 2.8959 -0.4023
8.4000 2.9976 2.9988 1.8742 1.8743 2.9220 -0.9049
8.6000 2.9999 3.0015 1.8754 1.8755 2.9234 -0.2104
8.8000 2.9938 2.9935 1.8688 1.8689 29152 0.1426
9.0000 2.9883 2.9881 1.8653 1.8653 2.9099 -0.0388
9.2000 2.9850 2.9847 1.8626 1.8626 2.9064 0.1836
9.4000 2.9844 2.9847 1.8626 1.8626 2.9064 -0.0298
9.6000 2.9839 2.9847 1.8626 1.8625 2.9064 0.0487
9.8000 2.9839 2.9847 1.8625 1.8625 2.9064 -0.0076
10.0000 2.9843 2.9847 1.8625 1.8625 2.9064 -0.0087
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% 4.13 HI-STORM 100%p% 7 % %3t a,= 1.0 g ~ n= 0.6 A 45 fr p& 22 4%

TIME 49 UX 5UX 49UZ 50Z 30X 3AX
BODY_ UXT BODY_ UXB BODY_UZT BODY UZB GROUND_UX
GROUND_AX
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 -0.0077
0.2000 -0.0002 0.0022 -0.0135 -0.0135 0.0031 0.1431
0.4000 0.0316 0.0071 -0.0431 -0.0430 0.0094 0.3706
0.6000 0.1381 0.0102 -0.0179 -0.0153 0.0128 -1.0614
0.8000 0.0797 -0.0033 -0.0450 -0.0441 -0.0008 -0.1250
1.0000 -0.0891 -0.0166 -0.0496 -0.0487 -0.0072 0.6371
1.2000 -0.1223 -0.0010 -0.0244 -0.0222 0.0100 -0.7987
1.4000 0.0091 0.0214 -0.0491 -0.0491 0.0321 -3.8720
1.6000 0.1326 0.0284 -0.0159 -0.0142 0.0316 -0.8757
1.8000 0.0803 0.0522 -0.0279 -0.0278 0.0553 1.8092
2.0000 -0.0092 0.0828 0.0154 0.0168 0.0854 6.4476
2.2000 0.0694 0.1296 0.0353 0.0359 0.1323 -2.4342
2.4000 0.2390 0.1536 0.0581 0.0594 0.1527 -0.0751
2.6000 0.2623 0.1697 0.0645 0.0659 0.1588 0.9525
2.8000 0.1403 0.2038 0.0795 0.0803 0.1954 3.9635
3.0000 0.1272 0.2920 0.1748 0.1793 0.2863 1.3431
3.2000 0.2706 0.3549 0.1887 0.1898 0.3496 0.8352
3.4000 0.5075 0.4413 0.2411 0.2420 0.4369 1.4998
3.6000 0.6039 0.5393 0.3014 0.3021 0.5294 5.6499
3.8000 0.5865 0.6284 0.3480 0.3485 0.6106 3.6930
4.0000 0.6857 0.6840 0.3705 0.3707 0.6661 -0.6559
4.2000 0.7667 0.7952 0.4524 0.4526 0.7755 -5.8085
4.4000 0.9428 0.9250 0.5349 0.5351 0.9051 -0.8539
4.6000 1.0668 1.0876 0.6438 0.6440 1.0671 2.0064
4.8000 1.2495 1.2214 0.7356 0.7358 1.2005 -1.5492
5.0000 1.3096 1.3383 0.8077 0.8079 1.3083 -0.4985
5.2000 1.4489 1.4965 0.9201 0.9205 1.4665 0.5687
5.4000 1.6785 1.6388 1.0119 1.0123 1.6086 -0.2158
5.6000 1.7889 1.8363 1.1458 1.1463 1.8053 3.4462
5.8000 2.0326 2.0170 1.2494 1.2495 1.9779 -7.6679
6.0000 2.2235 2.2111 1.3719 1.3721 2.1634 0.6346
6.2000 2.3712 2.3720 1.4759 1.4760 2.3248 -0.7625
6.4000 2.5143 2.5275 1.5836 1.5837 2.4805 2.4762
6.6000 2.6947 2.6600 1.6782 1.6785 2.6116 -1.3314
6.8000 2.7639 2.7219 1.7163 1.7166 2.6642 -0.3860
7.0000 2.7046 2.7376 1.7211 1.7214 2.6775 -2.7379
7.2000 2.7557 2.7525 1.7216 1.7217 2.6929 -3.6085
7.4000 2.7925 2.7794 1.7428 1.7430 2.7198 3.6797
7.6000 2.7882 2.8258 1.7828 1.7830 2.7669 -1.3650
7.8000 2.8997 2.8658 1.8066 1.8068 2.8067 -0.2749
8.0000 2.8839 2.9070 1.8316 1.8317 2.8479 0.8712
8.2000 2.9722 2.9532 1.8612 1.8614 2.8940 -0.4023
8.4000 2.9839 2.9796 1.8737 1.8738 2.9201 -0.9048
8.6000 2.9872 2.9808 1.8749 1.8750 2.9214 -0.2104
8.8000 2.9643 2.9729 1.8699 1.8700 29132 0.1427
9.0000 2.9783 2.9675 1.8672 1.8672 2.9078 -0.0388
9.2000 2.9607 2.9641 1.8623 1.8623 2.9043 0.1836
9.4000 2.9582 2.9642 1.8629 1.8630 2.9043 -0.0298
9.6000 2.9602 2.9642 1.8623 1.8624 2.9043 0.0487
9.8000 2.9644 2.9641 1.8613 1.8614 2.9043 -0.0076
10.0000 2.9640 2.9639 1.8612 1.8613 2.9043 -0.0087
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% 4.14 HI-STORM 100%p¥ % 3% % & & fE 1% i 7 chif b fofp B 1)

Loxiaontl Coefficient of Friction
Earthquake Type
Acceleration 0.2 0.4 0.6
Sliding Yes Yes Yes
Overturning No No No
03g
AX (mm) 67 44 23
0 (deg) 0.70 0.78 0.85
Sliding Yes Yes Yes
Overturning No No No
05¢g
AX (mm) 92 60 31
0 (deg) 0.93 1.09 1.17
Sliding Yes Yes Yes
Overturning No No No
08¢g
AX (mm) 275 79 48
0 (deg) 0.97 1.20 1.47
Sliding Yes Yes Yes
Overturning No No No
1.0g
AX (mm) 378 115 85
0 (deg) 1.05 1.21 1.59

AX : Maximum sliding distance

6 : Maximum wavered angle
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] 2. IHI-STORM 100%p+ % 25(3~ i Holtec SUMMARYS)
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COMTINUOUE FULL-
LENGHT ‘WELDS

O ALL CORMER
JOmMTE

HMPC BRSKET PLATES

PARTIAL CUT-AWAY WIEW

N

COMPLETE MPC-68 HBASKET

WENT PORT

FUEL BASKET

5
CLOSURE RING MPL LIFT HOLE:

o MPC SHELL

MPC DOWNCOMERS
MPC LID /

DRAIN PORT

MPLC TOP PLEWUM

DEAIN PLINE

LIFTING LUG

/ MPC BASEFLATE
MPC BOTTOM PLEMLM

i

\‘\___// \\__’,/) \‘a"!g‘g ) ARy

EAPLODED WIE'W ASSEMBLED WIE'W CUT-f&WAYT WIEW

Bl 2.2 MPC #:¢ 7 & Bl(® p Holtec SUMMARYS)
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POET

BOLTED CLOSURE PLATE

TOP FLANGE LIFTING TRUNMION

NHER SHELL
-
/,Q.YEEED
INTERMEDIATE
% SHELLS (53

NEUTROM SHIELD \ h

SHOWM WITH PARTIALLY
INSTALLETD MPC

BOTTOM PLATE \

o=y

¢TI TN

A AT AT

POCKET TRUMMION

ENLOZURE =HELL —/

DRAIM PORT

B 2.3 HI-STORM 100 % & 215 7 & B(® i Holtec SUMMARYS)
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Bl 24 HI-TRAC % %8 ®l(®p Holtec SUMMARYS)
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RSS90
EiATE

TRANZFER
LID

B 2.5 HI-TRAC® i3 7+ & Bl(®~§ Holtec SUMMARY3)
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. IWNETALL THE EMPTY MPC IN £. PLACE THE HI-TRAC IM THE
HI-TRAC. SPENT FUEL POOL.

OWERHEAD CRAKWE
— SPEMT FUEL POOL

LIFT YORE
MPC RIGGING

EFPTY MPC

3. LOAD THE SPENT FUEL 4, IMSTALL THE MPC LID IN THE
ASSEMBLIES IN THE MPC, MPLC.

FUEL GEAPPLE

LIFT YOKE MPC LID

FUEL

/_ ASTEMELY

B 2.6 HI-STORM 100® # ¥ & B(1)(®# Holtec SUMMARY?)
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> PERFORM MPC WELDING 6, PERFORM BOTTOM LID
AD CLOSURE OPERATIONS. REPLACEMENT.

AUTOMATED
WELDING
TTETEM

MPC LID

7o TRANSPORT THE HI-TRAC 8. PREPARE FOR MFC TRANSFER
TO THE ISFSL WITH THE CASE TRAMNSFER
FACILITY,

% 2.7 HI-STORM 100® 3 ¥ & B(2)(® # Holtec SUMMARY?)
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9, TRAMSFER THE MPC INTO 10, INSTALL THE HI-STORM
HI-STORM. LID.

Rl Iy

11, POSITION THE HI-STORM AT 12, EEMOWE THE AIR PAT
THE ISFSI USING AM AIR PAD,

% HI-ETORM LIFT JACKES

% 2.8 HI-STORM 100® # ¥ & B(3)(® A Holtec SUMMARY?)
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&

DESIGN BASIS EARTHOUAKE
DESIGN RESPONSE SPECTRA

FIG. 3.7-40
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low-frequency €— |€— mid-frequency —p| — high-frequency

(Transition from out-of- (In-phase, pseudo-
phase to in-phase static response)
Tesponse)

(Predominately out-of-
phase response)

Spectral Acceleration Sa (g)

. ! zpA
“
fe fo fea Frequency (Hz)

fop=F|E F Mzl seid BB BRF ool & Al duz A/ B & Bk AN

fZPA: 3 ),’%;'H‘%“i)i?”fq?4“i}ifﬁﬁp (ZPA)E’?"EF‘—:?‘ ’

fip= #F K X3t pipE > B p d A (SDOF)RRE F izt £ 40 (in
phase) » “ ¥ pF R % 1 J‘lﬁs?lf\ e BEA A2 T RF B -
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coordinate
system

For Each Sublaver, m:
shear modulus = Gm

: damping ratlo = \_
. mass density = p_

,,, -

incident wave

m+1 "ﬁ‘“l"- -2
(h r?;f y -el-‘r:- particle motian
alf-space

Bl 3.1 —adig-kTd EgmiitaMdE (B p SHAKE 91 USER'S

MANUAL )

93



MAIN
Al
Bl
Cl

Each module contains several subroutines as follows:

MODULE SUBROUTINE
MAIN "EARTHOQ
A-1 CURVEG
STEPG
RESP
DRCTSP
CMPMAX
FFT
RFFT
"RFSN
XMX
B-1 AMP
UTPR
"REDUCE
INCR
MOTION
CXSOIL
STRAIN
C-1 SHAKIT
STRET
SOILIAN
CG

Bl 3.2 SHAKE 91%f5% 31 & 2% Tﬁ_( P~p SHAKE 91 USER'S MANUAL )
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EXPLANATION

§ = Superstructure: Node

i = Foundation Node

f = Excavated Soil Volume Node ',
= Excavated Soil Volume

(a) (b) (@
Total System Free-Field Site Excavated Soil Volume
) to be subtracted

B13.3 SASSI®Z Paff = S4i 7 L H
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& B ¥ A 0 =n
g L R O 4 4k B &
TATWAIN POWER COMPANY GEOLOGIC LOG OF DRILL HOLE

TELE: ATATHE RGBS R R H SR IR TSR N Lk k THEe IERAMISHE—&
PROJECT t Oootechaical Investigation For Taiwain Power Company Speat Fuel Interim STATE ——
Storage Pacility At Chinshan Candidate Gite

RARD o9 B %+ M:2518.93 \ R:2817.1S5 S XA EL. 28.07 HGEA 0
HOLE NO.—— COORDINATES GROUND ELEVATION ————-= ANGLE FROH VERTICAL
MGG ERE 81.6.27 FEAEM  81.7.2 ARHEEWERE 9.00 HKERE 45.00 #RF@ —
BEGUN  ~————— FINISHED ————— DEPTH OF OVERBURDEN ————— TOTAL DEPTH - BEARING OF ANGLE HOLE
TG EL. 21.72 HREER RAKETEEARNAT firdo2 BKATHEAT
ELEV. OF WATER TABLE HOLE LOGIED BY 7/7{) vy Drilledsr—;—ul———-——;
%ﬁi’ A / L TIRAE I
x| XE |8k (SR E O RER | G | B4t
RE R | B8] BEH B OEIBR|y 2|8 RIE R F & & 2R |BEZ RE|EEK
v oore @ | ser ’ # B | BE
= FWL | RQD | Recovery | Depth Blow | Sample Petrographical o8 . | &
poR |ocod | (%) | (%) (%)’ (m) Log Bo. | Mo Desariptioa DOJ | JOE | DOW
27415 4o RRERE KORRE
a4 14.%.% w2 | §0 | subsolls,dark brown,with little
s e gravels. 2.10a
Al B "ol we14 | st
Vo4
Vo4 3 TARE
60 /9/ ] ¥-33 | s-2 | -3.00~5.30m HBEHFEY
o4 Andesite cobbles and boulders
/771 B »100| 8§-3 -3.00~5.30m ocoarse sands with
YOV 5 organia matters.
S
. /S B 6 w100 | s-0
X S/
YOV 7 4
Y4 BAER
YOV B 8 -
v S/ . w100 | §-0 9.00a
— -\ S 9
/ o4 ] w92 | §0 |REBDHR, FEBE. -
/ 7L 10 . w3
85 /100 /
ARTR: IV 11 A £2 .
/ Yoo o4 Sandstone,gray,moderately cemeated
/ o4 12 A w1
/ %31 /95/[
/ Vo4 13
/ YOL 04
an S 14 4
v / 12| /100 /
00K ¢ Diameter of Hole f1t Complete core oc with leagth more than 20 <.
SNt Casing or Sealing Hethod £2t Core brokea into pieces with size ranging from Sca to 20cm. -
EWL ¢ Flush Water Losses £3t Core brokea into picoes with size ranging from 3cm to Scm. L -
SPT ¢ Standard Pesetratioa Test f4t Core broken into pieces with less than 3 in size.
RQO t Rock Quality Desigaatioa Wl Presh oore =
008 . 0OJ ¢ Dip of Bed . Dip of Joint W2t Slightly weathered, stained with limoaits material or some cocataminatioms | .
Jo€ ¢t Jointing or Fragmentatioca W3t Moderately weathered, core becoming friable or easily crumbled by fingecrs
OOW ! Degrea of Weathering W4t Highly weatherd, core decomposed or altered, soft, loose and frisble.

Cc-20

Bl 3.5COgF & ke B (1) (Zp cTPi- R FAEER
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& B & A4 = 7
g 3L ¥ W O HE R ¥ &
TATWATN POWER COMPANY GEDLOGIG LOG OF DRILL HOLE

IEEE: ARATBIR R SR I SRR R TRIS K ¥ T ik THEN RGNS &
PROJECT ¢ Geotechnical Investigatioa For Taiwain Power Company Speat Fuel Intecrim STATE —_—
. Storage Facility At Chinshan Candidate Site

PR o9  HL £{:r | M12518.93 \ E12817.15 HmEeE EL. 28.07 JESA ]
HOLE NO. COORDINATES GROUND ELEVATION ———— ANCLE FROY VERTICAL
MEM 81.6.27 FRHM 81.7.2 HEMHETHRE 9.00 HRE 45.00 $FHRFE —
BEGUN ———— FINISHED ———— DEPTH OF OVERBURDEN TOTAL DETTH BEARING OF ANGLE HOLE
HFAGE EL. 21.72 HWREREE HARBTEENAT ®EE BATEAT
ELEV. OF WATER TABLE HOLE LOGGED BY brilled By ———————
B 18 I
A [ EX |BK|&ER|E © RER | &8 | Bk
RE|E (X @R & K g RE F & & # 2 |58 RE|ER
ki) ocore . H o &8
R EWL | R{D | Recovery | Depth Sazple Petrographical o8 . |
por | oo | (%) -] (%) (%) (m) No. Descriptioa DOJ | JoF | DoR
s
% /100
N Rs|rrr| | 161
/ 7 /95/ XEDE, FERE
an’ S 17 4
N s _
so| Yl 25| /// 4 184
anz /100 /
ZNB s 194
/ /95/
|/ k /S 2 £2
/18 4| 100 /] Sandstoane, gray, moderately cemeated
A ERV2Z24BE T
|/ oo o4
/ NS 224 370
X / i 5\ s/
aud 95/ 23 A
/ YO
/ /77 244 -
/ S 24.80a
/ SIS 25 :
/ S/ KEDE BEER, BoRRDN. &
/ Yoov4 26 RER w3
/ /100 / :
7/ SSSS 27
/ Yoo o4 .| 8andstoae,gray,poorly cemeated, £3
/ S/ 28 4 easy beccme loose sands,occasioa-
/ YO 4 ally with ocore.
/ Yoo o4 29 4
/ S
00H ! Diameter of Hole £~ —owplete core or with leagth wore than 20 cu.
QOY: Casing or Sealing Hethod £2t Core brokea into pieces with aize ranging from Sca to 20cm.
WL ! Plush Water Losses £3t Core brokea into pieces with size ranging from 3cu to Sca. - -
SPT ¢ Standard Pesetratioa Test £4t Core brokea lato pieces with less than 3cm in size.
RO t Rock Quality Designatica Wit fresh oore .
D08 . DOJ t Oip of Bod . Dip of Joint W2t §lightly weathered, staioed with limonite material or scwe coataminatiocs
JOg t Joiating oc¢ Fragmeatatioa W3t Hoderately weathered, core becoaing frisble or easily cxrumbled by fingecs
DOW t Degree of Weathering W4t Highly weatherd, coce decowposed or altered, soft, locse and friable.

c-21
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& B & 1 o=w 3
g IL ¥ W A& Ok 3 &'
TAIWAIN POWER COMPANY GEOLOGIC LOG OF DRILL HOLE

IRER: 'é?ﬂi&}E&ﬁt—&ﬂii&&ﬂAHCPmH#&K?fﬂﬁ}Eﬁ&IMﬂ:ﬂﬁIﬂE TR SIREMSE—&
PROJECT t Geotechnical Investigation For Taiwain Power Company Spent Fuel Ianterim STATE
Storage Pacility At chinshan Candidate Site

TR -9 & N:2518.93 \ E:2817.1S p: At o EL. 28.07 HTHA 0
HOLE NO- COORDINATES CROUND ELEVATION ——————— ANGLE FROM VERTICAL
MSSER 81.6.27 MEN 81.7.2 AMBEBEUNREK 9.00 MRE 45.00 $FF@ =
BEGUN ~ —————— FINISHED - DEPTH OF OVERBURDEN TOTAL DEPTH BEARING OF ANGLE HOLE
TG EL. 21.72 WREEE BATIRAMAT fptas: BRAXRELTE
ELEV. OF WATER TABLE HOLE, LOGGED BY / 7? Orilled By —4‘:———-
%wM/O%? TAR A o5
A | BEF |8k |ER |4 O RER | E | Bt
R R || SKE (R F|IBR|y A8 RE B ¥ K & X |DEZ| RK| EE
_E core & | ser #H @ ER
= EWL | RQD | Recovery | Depth Blow | Sample Petrographical oos . |
Do | oom | (%) (%) (%) (m) No. No. Descriptioa DOJ | Jog | ooR
/ S
/ S 31 4
/ S S
/ SIS 32
/s /100 / Reapk BERR ERRDN. A
/ S 33 4 P
/ S S
/ S S 34 A
80 oL 4 £3 | w3
L/ S 35
/ S/ S | Sandstone,gray,poorly cemented,
7/ YO 36 easy become loose sands,ococasion-
7 /95/ ally with intact core.
/s S 3
X / Vo4
/ S/
7/ VoL 04
/ o4 39 _ .
s/ Yoo 4 J70
7/ IS 40
7/ S
7/ YOO 4 41 41.50m
/ SIS i
/ /100 / 42 KEDE, BEAKF
7/ % YOV Sendstone, gray, well cemented. 1| w2
/s Yo o4 43
/ SSSS
7/ oo 4 44
/ YO v4 End of boring 45.00m
OOH t Diameter of Hole f1t Complete core or with length more than 20 ca.
oSt Casing or Sealing Method £2: Core broken into pieces with size ranging from Sca to 20cm.
FWL ¢ Flush Water Losses £3: Core broken into pieces with size ranging froa 3am to Sca.
SPT t Standard Penetration Test f4: Oore broken into pieces with less than Jcm la size.
RQD ¢ Rock Quality Oesignation W1t Fresh ocore =
DOB . DOJ t Dip of Bod - Dip of Joint W2: Slightly weathered, stained with limonite material or some coataminatioas
JOF t Jointing or Pragmentation W3t Moderately weathered, core becoming frisble or easily crumbled by fingers
DOW ¢ Degree of Weathering w4t Highly vweatherd, core decomposed or altered, soft, locee and frieble.

c-22
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CTMILMB . MRREBEEAHRY 7. R K. L5 HE

AOE| MERE | REGRE | BRYIEK| BREAEE | & £
Depth(m) | Vp(m/sec) | Vs(m/sec) Gd (kg/cm®) Bd (kg/cm®) Poisson ratio
0~8.2 1464 348 2471 7266 0.47
8.2~26 1647 536 5951 17148 0.44
E3 (- =te
gl-y pal \
CoALMIE . MARREZAMRY V. HAEK, €A H 1
R OE| WERE | BokE BRYIRH | MRBAMEEK | & £ 1
Depth(m) | Vp(m/sec) | Vs(m/sec) Gd(kg/cm®) Ed(kg/cm®) | Poisson ratio
o~4 776 270 1383 3960 0.431
4~10 1504 502 5142 14784 0.437
10~44 2230 641 8972 26108 0.454
~ 2 2 3 2 l 91"5'10
X 3t f?% 8-? % %
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Option 1 - dynamic soil properties - (max is thirteen):

1

3

11
0.0001

1.000
0.438
0.238
11
0.0001

0.24
15.5
21.

11
0.0001

1.000
0.180
0.080
11
0.0001

0.24
15.5
21.

.0001
1.0

#1 modulus for clay (seed & sun 1989) upper range

0.0003 0.001 0.003 0.01 0.03 0.1 0.3
3. 10.
1.000 1.000 0.981 0.941 0.847 0.656
0.144 0.110

damping for clay (Idriss 1990) -
0.0003 0.001 0.003 0.01 0.03 0.1 0.3
3.16 10.
0.42 0.8 1.4 2.8 5.1 9.8
25. 28.
#2 modulus for sand (seed & idriss 1970) - upper Range
0.0003 0.001 0.003 0.01 0.03 0.1 0.3
3. 10.
1.000 0.990 0.960 0.850 0.640 0.370
0.050 0.035

damping for sand (Idriss 1990) - (about LRng from SI 1970)
0.0003 0.001 0.003 0.01 0.03 0.1 0.3
3. 10.
0.42 0.8 1.4 2.8 5.1 9.8
25. 28.

#3 ATTENUATION OF ROCK AVERAGE
0.0003 0.001 0.003 0.01 0.03 0.1
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1.000 1.000 0.9875 0.9525 0.900 0.810 0.725
0.550
5 DAMPING IN ROCK
.0001 0.001 0.01 0.1 I.
0.4 0.8 1.5 3.0 4.6
3 1 2 3
Option 2 -- Soil Profile
2
1 10 Example -- 143-ft layer; input:Diam @ .3g
1 1 3.28 .050 116 886.
2 1 4.68 .050 116 886.
3 1 5.00 .050 116 886.
4 1 5.00 .050 116 886.
5 1 5.00 .050 116 886.
6 2 5.00 .050 125 1647.
7 2 5.00 .050 125 1647.
8 2 5.00 .050 125 1647.
9 2 4.68 .050 125 1647.
10 3 .010 134 2103.
Option 3 -- input motion:
3
2048 4096  .005 diam3.acc (8£10.6)
.30 100. 3 8

Option 4 -- sublayer for input motion {within (1) or outcropping (0):
4
10 0
Option 5 -- number of iterations & ratio of avg strain to max strain
5
0 8 0.50

Option 6 -- sublayers for which accn time histories are computed & saved:

6
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1 2 3 4 5 6 7 8 9 10 10

1 1 1 1 1 1 1 1 1 1 0

1 0 0 0 0 0 0 0 0 1 0
Option 7 -- sublayer for which shear stress or strain are computed & saved:

7

3 1 1 02048 -- stress in level 3

3 0 1 02048 -- strain in level 3

Option 9 -- compute & save response spectrum:

9

1 0

1 0 32.2
0.05

Option 10 -- compute & save amplification spectrum:
10
10 0 1 0 0.50 - surface/rock outcrop

execution will stop when program encounters 0
0
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SUMMARY

The Chin-Shan Nuclear Power Plant (CSNPP) of Taipower is planning to
design and construct an Independent Spent fuel Storage Installation (ISFSI) on
site. This project consists of free standing concrete storage casks with metal
storage canister inside with spent fuel and a concrete mat foundation to support
the casks. The ISFSI is located right next to the power plant. It is required to
be designed to the same safety standard as the plant. The stability of the free
standing cask during strong earthquake is essential to the ISFSI safe operation.

The mat foundation of the installation is below the grade with the
foundation top at ground surface level. It is subject to the seismic surface
waves caused by the interaction of the longer period component of the earth
body waves with the surface, embedded structures and internal boundaries.
The interaction between the soil waves with the embedded structure is known as
Soil-Structure-Interaction (SSI). It has been a general public concern on the
effects of such interaction to the free field design earthquake load and the
effects on the stability of the free standing casks. Such effects can be analyzed
by using the computer code SASSI (a System for Analysis of Soil Structure
Interaction)

The purpose of this report is to demonstrate the program SASSI analysis
procedures and evaluate the results of the SSI analysis of the ISFSI. The mass
and stiffness of the structure are the factors in the interaction process. The
analyses have considered different cask layout from a few cases to full
installation. The results show that the mat foundation has the required stiffness
in the horizontal plane to modify the less firm soil free field motion. In order
to reduce the SSI effects, the existing soil and backfill underlying the foundation
shall be firmly compacted.

The design data and parameters used in this study may not reflect the actual
final design of the ISFSI project.
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1.0 INTRODUCTION

The Chin-Shan Nuclear Power Plant (CSNPP) of the Taiwan Power Company is planning to
design and construct a Independent Spent Fuel Storage Installation (ISFSI) at the Chin-Shan site.

The type of design of the installation has not been finalized. The possible
licensed designs of the installation include concrete cask, concrete module and
concrete vault. The type of design considered in this report is concrete cask.

The reason for selecting the concrete cask in this report because the stability of the
free standing cask 1s more susceptible to the earthquake load than other types.

The concrete cask installation consists of four main components; spent fuel, metal canister with
baskets, concrete cask and concrete mat foundation. The spent fuel rods are storage inside the
metal canister baskets. The concrete casks are installed on the mat foundation with canister
inside. The concrete cask provides radiation shielding protection and cooling ventilation chimney
shaft effect for the canister.

The stability of the free standing cask during earthquake are essential to the safe operation of the
installation. The possible accident scenario of cask capsize from overturning or Impact between
the cask from sliding caused by earthquake shall be considered and investigated.

Taiwan is located in an active seismic zone. The earthquake load is the major dynamic load for
design consideration. The objectives of the analysis are to demonstrate the application
procedures of the computer code SASSI and evaluate the analysis results.

Section 2 of this report provides the description of the soil condition and design load of the
project site and description of the ISFSI structures. Section 3 provides a detailed description of
the methodology used in the analyses. Section 4 of this report provides the evaluation results.
Section 5 is a list of the references used in the report.
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DESCRIPTION OF SITE, DESGIN LOAD AND STRUCTURES

2.1 Proposed ISFSI Site

The proposed ISFSI site is located inside Chin-Shan Nuclear Power Plant restricted area
right at other the Chan-Hwa Creek from the plant. (see Figure 2-1). A detailed soil test report
was issued in September of 1992 (Ref. 1) for the proposed ISFSI site. The soil report provides
the soil layer properties needed for the SSI analysis.

The soil properties used in the analysis is based on the test hole no. C9. The soil property
profile is provided in page K-6 of the soil report. On page M-5 of the soil report recommends 3
meters back fill of the existing site for the ISFSI foundation. The SSI analysis assumed the back
fill has the same soil properties as the existing first layer. Figure 2-2 shows the profile of soil
sublayers and properties used in the analysis. The thickness of the each sublayer is based on the
recommendation to limit the layer thickness not exceed 1/5 of the wave length at the highest
frequency of analysis.

2.2 CSNPP Design Seismic Load

The design load is based on the design spectra of the CSNPP provided by Taipower as
shown in Table 2-1.  Only one set of load for 5% damping was used for the analysis. The
absolute acceleration values are calculated by assuming a harmonic relationship between
displacement, velocity and acceleration. Inverse shock spectrum conversion was perform to
generate a arbitrary set of time history. A time step of 0.005 second and about 10 second
duration was selected for generating the time history. Figure 2-3 shows the input and output
design spectra at 5% damping. The output spectra is the inverse of the generated time history to
compare with the input spectra for verification. Figure 2-4 shows the generated design time
history

2.3 ISFSI Structure

There are three types of ISFSI systems are proposed to the CSNPP.  Only the concrete
cask type is selected for the analysis because the free standing cask system is more vulnerable
when subject to earthquake load than other system.

The concrete casks are installed on a concrete mat foundation. The thickness of the mat

slab is assumed to be 3.28 feet. The size of the mat is 149 ft x 212 ft. The top of the mat is at
the elevation +26m of the back fill. The weight of each loaded cask is assumed to be 360 kips.
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Figure 2-2

INPUT SOIL PROFILE

Depth (ft) Vs (fps) w (kcf) Gpax(ksf)

=2
% 1 3.28 886 0.116 2828
&
2 4.68 886 0.116 2828
A 4
A
3 5.0 886 0.116 2828
E 4 5.0 886 0.116 2828
=
—
5 5.0 886 0.116 2828
v
6 5.0 1647 0.125 10530
. 7 5.0 1647 0.125 10530
5]
g
8 5.0 1647 0.125 10530
9
4.68 1647 0.125 10530
v
- 103 2103 0.134 18405
B
2
—
Where: Gyax = (W/g) Vs®
v
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Table 2-1

CSNPP SEISMIC DESIGN RESPONSE SPECTRA

Design Response Spectrum for CSNPP :

0.5% 1% 2% 5% 7% 10%

Un-damp Relative Un-damp | Relative | Un-damp | Relative | Un-damp | Relative | Un-damp | Relative | Un-damp | Relative
Period velocity Period velocity Period velocity Period velocity Period velocity Period velocity
(sec) (in/sec) (sec) (in/sec) (sec) (in/sec) (sec) (in/sec) (sec) (in/sec) (sec) (in/sec)
0.009969814 | 0.181909 0.00997 | 0.181909 | 0.00997 | 0.181909 | 0.00997 | 0.181909 | 0.00997 | 0.181909 | 0.00997 | 0.181909
0.029427266 | 0.534594 | 0.029427 | 0.534594 | 0.029427 | 0.534594 | 0.029427 | 0.534594 | 0.029427 | 0.534594 | 0.029427 | 0.534594
0.060269812 | 1.873137 | 0.061067 | 1.690825 | 0.060564 | 1.534915 | 0.06059 1.40975 | 0.061571 | 1.265261 | 0.061617 | 1.092373
0.099719355 | 9.822602 | 0.102453 | 8.255679 | 0.101892 | 6.395907 | 0.101286 | 4.481142 | 0.10378 | 3.637435 | 0.100775 | 2.628044
0.345126883 | 33.57643 | 0.369257 | 29.25714 | 0.424815 | 26.23437 | 0.438954 | 18.67291 | 0.467454 | 15.75971 | 0.47172 | 12.11687
4109388236 | 33.47847 | 4.112038 | 29.46756 | 4.090297 | 26.5194 | 4.161549 | 18.72801 | 4.101179 | 15.6745 | 4.10647 | 12.14415
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Figure 2-3

CSNPP INPUT AND OUTPUT DESIGN RESPONSE SPECTRUM @ 5%
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Figure 2-4

CSNPP DESIGN TIME HISTORY

Acceleration Time History

0.3

0.2
-0.1
-0.2

(s,p) uoneisjadoy

-0.3

-0.4

000l
09'6
0C'6
08'8
ov's
00’8
092
0c’.
089
01’9
009
09'g
0c's
08y
or'y
00%
09'¢
0ce
08¢
ov'e
00'¢
091
oc'L
080
(0} 4]
000

Time (sec.)

167



3.0 METHODS OF SSI ANALYSIS

The methods of SSI analysis employed to develop the ISFSI site response spectra due to a
postulated design earthquake are described in this section. Since the analytical technique
involves the evaluation of the coupled behavior of the ISFSI mat foundation and the underlying
soil for dynamic loadings, it will be necessary to first evaluate the dynamic soil properties and
soil seismic response before describing the soil-structure interaction (SSI) model used in this
evaluation.

3.1 SHAKE91 Analysis

A one dimensional shear wave propagation analysis was performed using the computer code
SHAKEDO91 (Ref. 2). The control earthquake motion of CSNPP was specified for a rock outcrop
at the free field ground surface and the response of the entire profile was obtained by the
equivalent linear method using the soil data shown in Figure 2-2. The soil profile was divided
into sub-layers. The low strain shear modulus, Gyax 0of each sub-layer was calculated from the
following equation in SHAKE

G = (W] W2 weeereesrees e (3.1)

max

where W, g and V; are the unit weight, acceleration of gravity and low strain shear wave velocity
of the corresponding sub-layer, respectively.

The SHAKEI1 analysis was performed for the one horizontal time histories of ground motion, as
defined in Section 2.2. The results analysis provided the strain compatible free-field soil
properties. The SHAKEO91 analysis also provided the motions at the surface of the soil profile
to be used in the SSI analysis as shown in Figure 3-1.

3.2 SASSI Analysis

One of the important factors that must be considered when defining the response of a structure to
an earthquake is that the motions of the structure itself may influence the ground motions at the
base of the structure. In other words, the motion introduced at the base of the structure may be
different from the free field motions that would have been observed at the site

This modification of the free field motion in the area of a structure foundation is known as
Soil-Structure Interaction. The effect of SSI can be significant if the soil underlying the
foundation is firm and the structure is relatively stiff. In this case, the structure will have the
required stiffness to modify the free motions of the underlying soil.

The SASSI ( System for Analysis of Soil Structure Interaction) computer program was used to
perform the SSI evaluation of the ISFSI. The program is described in Ref. 3 Some of the key

capabilities and limitations of the SASSI computer program are listed below:

1. The structure and the soil can be modeled in three dimensions (i.e., the model is not limited to
being two dimensional or axisymmetric).
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2.Embedment of the structure in surrounding soil can be adequately modeled.
3.The SSI analysis is accomplished in the frequency domain.

4.In addition to seismic loads it is also possible to evaluate the effects of impact loads, wave
forces or loads from rotating machinery on the structure and foundation.

The theoretical background of SASSI is described in Ref. 4. The basic method of analysis
adopted by SASSI is called the flexible volume substructuring method. The method is
formulated in the frequency domain using the complex response method and the finite element
technique.

In the flexible volume method, the complete soil-structure system is partitioned into two
substructures, namely, the foundation and the structure. In this partitioning, the structure
consists of the superstructure plus the basement minus the excavated soil; i.e., the soil to be
excavated is retained with the foundation. Interaction between the structure and the foundation
occurs at all basement nodes.

The equations of motion for the flexible volume method are developed by combining the
equations of motion for the structure with those of the soil in the frequency domain using
concepts of substructuring, thus leading to

C, o Ul O (3.2)
c, (C,-C,+x)|u, || x, U,

s

from which the final total motions of the structure can be determined. In these equations, the
subscripts s, 1, and f refer to degrees of freedom associated with the nodes on the superstructure,
basement, and excavated soil, respectively (see Figure in the Ref. 3). C is the complex
frequency-dependent stiffness matrix

where M and k are the total mass and complex stiffness matrices, respectively, and o is the
frequency of vibration. u is the vector of complex nodal point displacements. uy is the free field
motions. X¢is a frequency-dependent matrix which represents the dynamic stiffness of the
foundation at the interaction nodes. Xy will be referred to as the impedance matrix. The
displacement response quantity u(w) is in the frequency domain. u is transformed back to the
time domain by taking the inverse Fourier transform of u(w).

Equation (3.2) considers only seismic forces. External loads at the superstructure and basement
nodes can be considered simply by adding the amplitudes of these forces to the load vector
(right-hand side of Equation (3.2)) at each frequency. Thus the final motions of the structure
can be determined from the following equations:
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Css Csi Us EF; (3 4)
C, (C,—C,+X)|U,| |EF,

A

where EF and EF; are the amplitudes of external forces at the superstructure and basement nodes,
respectively.

According to this formulation, the solution of the soil-structure interaction problem reduces to
three steps (for each frequency):

1.Solve the site response problem to determine the free field motions u¢ within the embedded
part of the structure.

2.Solve the impedance problem to determine -lie matrix Xs.

3.Solve the structural problem. This involves forming the complex stiffness matrices and load
vector shown in Equations (4.3) and (4.5) and solving this equation for the final displacements.

3.3 Site Response Analysis

The original site is assumed to consist of horizontal soil layers overlying a uniform half space.
All material properties are assumed to be elastic.

With the proposed system, only the free field displacements of the soil layer interfaces where the
structure is connected are of interest. Accordingly, displacement amplitudes will be expressed
in the form

Uf (x) = Uf SR (3.5

where Uy is a vector (mode shapes) which contains the interface amplitudes at and below the
control point (k=O) and k is a complex wave number which expresses how fast the wave
propagates and decays in the horizontal x-direction. Effective discrete methods have been
developed for determining appropriate mode shapes and wave numbers corresponding to control
motions at any layer interface for P, Sy, Sy, Rayleigh and Love waves. Any combination of
such waves can be applied simultaneously.

3.4 Impedance Analysis

As previously stated, the impedance matrix represents the dynamic stiffness of the foundation at
the interaction nodes ("i" nodes in Figure 4.3-1(c)). Thus it can be determined as the inverse of
the dynamic flexibility matrix Ff for these nodes:

xf = F}:l ............................................... (3 6)

The columns of F¢ can be calculated by successively applying unit amplitude loads at each of the
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interaction nodes. Fris a full symmetric complex matrix, the SASSI currently uses an efficient
in-place inversion subroutine in the program.

3.5 Structural Analysis

With the exception of forming the load vector and modifying the complex stiffness matrix for the
structure by subtracting the corresponding matrix for the excavated soil and adding the
impedance matrix as shown in Equation (3.2). The structural analysis is standard process and the
computational effort is essentially the same as for a complex response analysis of the unmodified
structure on a rigid foundation.

The soil-structure interaction structural model is shown in Figures 3-2. The mat foundation is
modeled by 8 nodes brick element with three translational freedom per node. There are two
symmetry plans used to reduce the number of nodes and elements. Therefore, the model is only
Y4 of the actual mat foundation. There are two cask layout are considered in the analysis, with 1
or 17 casks layout in the 4 model which represent 2 and 62 casks on the full foundation model.
Figure 3-3 illustrates the SASSI runs for seismic interaction analysis.

The excavated soil elements are also modeled by the 8 nodes brick elements with three
translational degrees of freedom per node. The weight of the casks are lumped to nodes, these
nodes are tied to foundation nodes with factitious beam elements to distribute the cask mass to
the foundation.

Based on the mass and stiffness properties of the ISFSI, the input free field motions will be
modified in the area of the under the foundation. Earthquake acceleration time history will be
generated for selected locations (nodes 8, 11, 37 and 45, see Figure 3-2) of the mat foundation.
The results also provide the acceleration response spectra with 5% of critical damping for each
time history.
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Figure 3-1
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Figure 3-3

SASSI RUNS FOR SEISMIC INTERACTION ANALYSIS
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4.0 RESULTS
In this section the results of the SASSI evaluation of the ISFSI will be presented and discussed.
4.1 Design Time History

None-linear dynamic analysis will be performed to evaluate the stability of the free standing cask
for sliding and overturning due to seismic load. SASSI generates the seismic load acceleration
time histories and response spectra for nodes 1, 8, 11, 37 and 45 and for two cask layout
conditions. The plots are shown in Figures 4-1 through 4-10 show.

The results of the response spectra show the SSI has significant effects to the ISFSI site seismic
load.

For 2 cakes case, the ZPA value are increased from 0.3g to 0.5~0.8 range. At lower frequency,
5~15Hz range, the accelerations are increased significantly.

For 62 cases case, the ZPA value are increased from 0.3g to 0.7~1.1g range. At lower
frequency, the accelerations are also increased.

The results show that the mat foundation is relatively stiff structure in the horizontal plane. The
existing top soil and assumed backfill soil underlying the foundation is less firm soil. The
foundation has the required stiffness to modify the motions of the underlying soil from the free
field motion.
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Figure 4-1
SASSI Output Time History at Node 1 — 2 Casks
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Figure 4-2
SASSI Output Time History at Node 8 — 2 Casks
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Figure 4-3
SASSI Output Time History at Node 11 — 2 Casks
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Figure 4-4
SASSI Output Time History at Node 37 — 2 Casks
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Figure 4-5
SASSI Output Time History at Node 45 — 2 Casks
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Figure 4-6
SASSI Output Time History at Node 1 — 62 Casks
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Figure 4-7
SASSI Output Time History at Node 8 — 62 Casks
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Figure 4-8
SASSI Output Time History at Node 11 — 62 Casks
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Figure 4-9
SASSI Output Time History at Node 37 — 62 Casks
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Figure 4-10
SASSI Output Time History at Node 45 — 62 Casks
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VII. Summary of Final Revisions

This final rule will make the following changes to 10 CFR part 72:
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Section 72.9 Information collection requirements: OMB approval
In § 72.9, the list of sections where approved information collection

requirements appear is amended to add § 72.103.

Section 72.102 Geological and seismological characteristics (Current Heading)

Section 72.102 Geological and seismological characteristics for applications
before October 16, 2003 and applications for other than dry cask modes of storage
(New Heading)

The heading of § 72.102 is revised because § 72.103 is added for ISFSI or
MRS applications after the effective date of the rule. Section 72.103 will only
apply to dry cask modes of storage. Therefore, the heading of § 72.102 is being
modified to show the revised applicability of this section. The requirements of §
72.102 will continue to apply for an ISFSI or MRS using wet modes of storage or
dry modes of storage that do not use casks.

The NRC does not intend for existing part 72 licensees to re-evaluate the
geological and seismological characteristics for siting and design using the revised
criteria in the changes to the regulations. These existing facilities are considered
safe because the criteria used in their evaluation have been determined to be safe
for NPP licensing, and the seismically induced risk of an ISFSI or MRS is
significantly lower than that of an NPP. The change leaves the current § 72.102 in

place to preserve the licensing bases of present ISFSIs.

Section 72.103 Geological and seismological characteristics for applications for
dry cask modes of storage on or after October 16, 2003
The trend towards dry cask storage has resulted in the need for applicants

for new licenses to request exemptions from § 72.102(f)(1), which requires that for
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sites evaluated under the criteria of Appendix A to Part 100, the DE must be
equivalent to the SSE for an NPP. By making § 72.102 applicable only to
existing ISFSIs and by providing a new § 72.103, the revised rule is intended to
preclude the need for exemption requests from new specific-license applicants.

The new requirements in § 72.103 parallel the requirements in § 72.102.
However, new specific-license applicants for sites located in either the western U.S.
or in the eastern U.S. in areas of known seismic activity, and not co-located with
an NPP, for dry cask storage applications, on or after the effective date of this rule,
will be required to address the uncertainties in seismic hazard analysis by using a
PSHA or sensitivity analyses instead of using the deterministic methods of
Appendix A to Part 100 without sensitivity analyses. Applicants located in either
the western U.S. or in areas of known seismic activity in the eastern U.S., and
co-located with an NPP, have the option of using the PSHA methodology or
suitable sensitivity analyses for determining the DE, or using the existing design
criteria for the NPP. This change to require an understanding of the uncertainties
in the determination of the DE will make the regulations compatible with 10 CFR
100.23 for NPPs and will allow the geological and seismological criteria for ISFSI
or MRS dry cask storage facilities to be risk-informed.

New § 72.103(a)(1) provides that sites located in eastern U.S. and not in
areas of known seismic activity, will be acceptable if the results from onsite
foundation and geological investigation, literature review, and regional geological
reconnaissance show no unstable geological characteristics, soil stability problems,
or potential for vibratory ground motion at the site in excess of an appropriate
response spectrum anchored at 0.2 g. Section 72.103(a)(1) will parallel the
requirements currently included in § 72.102(a)(1).

New § 72.103(a)(2) provides that applicants conducting evaluations in
accordance with § 72.103(a)(1) may use a standardized DE described by an

206



appropriate response spectrum anchored at 0.25 g. These requirements parallel the
requirements currently included in § 72.102(a)(2). Section 72.102(a)(2) provides
an alternative to determine a site-specific DE using the criteria and level of
investigations required by Appendix A to Part 100. New § 72.103(a)(2) also
provides, as an alternative, that a site-specific DE may be determined by using the
criteria and level of investigations in new § 72.103(f). Section 72.103(f) is a new
provision that requires certain new ISFSI or MRS license applicants to address
uncertainties in seismic hazard analysis by using appropriate analyses, such as a
PSHA or suitable sensitivity analyses, in determining the DE instead of the current
deterministic approach in Appendix A to Part 100.

New § 72.103(a)(2) also provides that if an ISFSI or MRS is located at an
NPP site, the existing geological and seismological design criteria for the NPP may
be used instead of PSHA techniques or suitable sensitivity analyses because the
risk due to a seismic event at an ISFSI or MRS is less than that of an NPP. If the
existing design criteria for the NPP is used and the site has multiple NPPs, then the
criteria for the most recent NPP must be used to ensure that the seismic design
criteria used is based on the latest seismic hazard information at the site.

New § 72.103(b) provides that applicants for licenses for sites located in
either the western U.S. or in the eastern U.S. in areas of known seismic activity,
must investigate the geological, seismological, and engineering characteristics of
the site using the PSHA techniques or suitable sensitivity analyses of new §
72.103(f). If an ISFSI or MRS is located at an NPP site, the existing geological and
seismological design criteria for the NPP may be used instead of PSHA techniques
or suitable sensitivity analyses because the risk due to a seismic event at an ISFSI
or MRS is less than that of an NPP. If the existing design criteria for the NPP is
used and the site has multiple NPPs, then the criteria for the most recent NPP must

be used to ensure that the seismic design criteria used is based on the latest seismic
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hazard information at the site.

New § 72.103(c) is identical to § 72.102(c). Section 72.103(c) requires that
sites, other than bedrock sites, must be evaluated for the liquefaction potential or
other soil instability due to vibratory ground motion. This is to ensure that an ISFSI
or MRS will be adequately supported on a stable foundation during a seismic
event.New § 72.103(d) is identical to

§ 72.102(d). Section 72.103(d) requires that site specific investigation and
laboratory analysis must show that soil conditions are adequate for the proposed
foundation loading. This is to ensure that an ISFSI or MRS will be adequately
supported on a stable foundation during a seismic event.

New § 72.103(e) is identical to § 72.102(e). Section 72.103(e) requires that
in an evaluation of alternative sites, those which require a minimum of engineered
provisions to correct site deficiencies are preferred, and that sites with unstable
geologic characteristics should be avoided. This is to ensure that sites with
minimum deficiencies are selected and that an ISFSI or MRS will be adequately
supported on a stable foundation during a seismic event.

New § 72.103(f) describes the steps required for seismic hazard analysis to
determine the DE for use in the design of structures, systems, and components of
an ISFSI or MRS. The scope of site investigations to determine the geological,
seismological, and engineering characteristics of a site and its environs is similar to
§ 100.23 requirements. Unlike § 72.102(f), which requires the use of the
deterministic method of Appendix A to Part 100, new § 72.103(f) requires
evaluating uncertainty in seismic hazard analysis by using a probabilistic method,
such as the PSHA, or suitable sensitivity analyses, similar to § 100.23 requirements
for an NPP.

New § 72.103(f)(1) requires that the geological, seismological, and

engineering characteristics of a site and its environs must be investigated in
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sufficient scope and detail to permit an adequate evaluation of the proposed site
and to determine the DE. These requirements track existing requirements in §
100.23(c).

New §§ 72.103(f)(2)(i) through (iv) specify criteria for determining the DE
for the site, the potential for surface tectonic and nontectonic deformations, the
design basis for seismically induced floods and water waves, and other design
conditions. In particular, § 72.103(f)(2)(1) provides that a specificlicense applicant
must address uncertainties in seismic hazard analysis by using appropriate analyses,
such as a PSHA or suitable sensitivity analyses, for determining the DE. Sections
72.103(f)(2)(i1) through (iv) track the corresponding requirements in § 100.23(d).

Finally, the new § 72.103(f)(3) provides that regardless of the results of the
investigations anywhere in the continental U.S., the DE must have a value for the
horizontal ground motion of no less than 0.10 g with the appropriate response
spectrum. This provision is identical to the requirement currently included in §

72.102(H)(2).

Section 72.212 Conditions of general license issued under § 72.210

Section 72.212(b)(2)(1)(B) is revised to require general licensees to address
the dynamic loads of the stored casks in addition to the static loads. The
requirements are changed because during a seismic event the cask experiences
dynamic inertia loads in addition to the static loads, which are supported by the
concrete pad. The dynamic loads depend on the interaction of the casks, the pad,
and the foundation. Consideration of the dynamic loads, in addition to the static
loads, of the stored casks will ensure that the pad would perform satisfactorily
during a seismic event.

The new paragraph also requires consideration of potential amplification of

earthquakes through soil-structure interaction, and soil liquefaction potential or
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other soil instability due to vibratory ground motion. Depending on the properties
of soil and structures, the free-field earthquake acceleration input loads may be
amplified at the top of the storage pad. These amplified acceleration input values
must be bound by the design bases seismic acceleration values for the cask,
specified in the Certificate of Compliance. Liquefaction of the soil and instability
during a vibratory motion due to an earthquake may affect the cask stability, and
thus must be addressed.

The changes to § 72.212 are intended to require that general licensees
perform appropriate load evaluations of cask storage pads and areas to ensure that
casks are not placed in an unanalyzed condition. Similar requirements currently

exist in § 72.102(c) for an ISFSI specific license and are now in § 72.103(c).

VIII. Criminal Penalties

e

IX. Agreement State Compatibility
=

X. Voluntary Consensus Standards
v

XI. Finding of No Significant Environmental Impact: Availability

4
e

XII. Paperwork Reduction Act Statement
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