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1. Introduction

Q Safety components and seismic inputs for Reactor Assembly for KIRR
e fuel assemblies, CAR/SSR Control and Shutdown mechanisms, Reflector Assemblies and Gamma
Shielding, and Penetration Assembly attached to Grid Plate, Out-core reflector support plate,
CAR/SSR Guide Tube and UGS Flanges
e 18 cases of 3 directions (NS, EW, VT), 3 soil properties (BE, UB, LB), and 2 building conditions
(uncracked, and cracked) at the bottom of Reactor Assembly
v" 18 acceleration time histories provided by SSI analysis resuits
v" 3 enveloped Floor Response Spectra (FRS1)
Q FRS calculations for seismic qualification with two ways.
e 0One is a simplified method to generate FRS2
v" The artificial time histories are generated compatible to the enveloped seismic input
FRS1 at the bottom of the Reactor Assembly, which envelopes 18 cases of seismic
inputs.
v" FRS2 is generated by the transient time history analysis.
e The other is full transient analyses for 6 sets of 18 cases, and then enveloping the FRS results.
v The FRS3 is generated using the conservative time histories linearly amplified by 20% of
the given time histories provided by SSI analysis results and broadening the calculated

spectra by 15-20% to cover uncertainties in modeling and material properties.
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2. Simplified Method [1/4]

O Seismic Analysis Procedure with 2 Ways [Fig.1]
e Path A : The FRS3 is generated using the SSI Analysis FRS & TH Results
. . . . . . 6 sets (EW,NS,VT)
conservative time histories linearly amplified
by 10-20% of the given time histories
provided by SSI analysis results and

. 0 N 1o|cy;, Ai.celergzjt(iiont 6 sets
broadening the calculated spectra by 15-20% Ame) 'Ifi:tg;; Anal;; : FRS Enveloping
to cover uncertainties in modeling and
material properties. [FRS3]

® Path B . FRSZ |S generated DV the tl'anSIeI'lt Maximum 20% Artificial TH Generation
. &
time history analysis using Artificial TH broadening Time History Analyses

compatible to the enveloped seismic input

FRS1 at the bottom location of the Reactor [FRS2]

_ Grid plate Grid plate
Assembly, which envelopes 18 case of 3 Max acceleration Max acceleration

directions (NS, EW, VT), 3 soil properties (BE, Responses Responses

UB, LB), and 2 building conditions (uncracked,
and cracked).

Fig 1 Seismic Analysis Procedure with 2 Ways
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2. Simplified Method [2/4]

Q Seismic Input [FRS1]

e The enveloped seismic input FRS1 at the :
bottom location of the Reactor Assembly
which envelopes 18 case of 3 directions (NS,
EW, VT), 3 soil properties (BE, UB, LB), and 2
building conditions (uncracked, and cracked)
are shown in Fig.2.

e The 3 directional artificial time histories

ACOILERATES W G UTE
EEE BE = % B BEG BE

Fig 2 Enveloped 18

i case FRS1
shown in Fig. 3. i e e e — (EW, NS, VT, and
_ ° _ _ _ 0. f,ﬂ;%@%d_ 23.4,57,10%
e EW direction only is generated using FHH— u damping

o P-CARES [2] compatible to the FRST.

: e = -
- . o i I . .: ‘I-.-u
Z FRECAENCY MOPE
A S— N S———
e B e s e s T
X y e

“ r~ ' 1
-

(HA.33 m x W2.155 m x D2.422 m) A ' : .

: i S il
¥ ."' l"'W I 3
I.' ¥y \ 5 H&""
r /I \ | M f

Fig 4 Reactor Assembly, ) g - W | | I

EW x- direction- Nozzle, y /’ | ,

NS y- perpendicular to Nozzle, e s . . —— oo
VT z-direction Fig 3 Comparison of calculated Spectra (3% damping) with

) given FRS1, its Artificial Time History in EW direction
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2. Simplified Method [3/4]

Q FE Modeling of Reactor Assembly
e Safety Class 3 and Seismic Category | structure
of KJRR,

v

v
v
v

Outlet Plenum Assembly,

Grid Plate,

Core Box,

Upper Guide Structure Assembly (UGS),
Reactor Cover Assembly,

Control Absorber Rod/Second Shutdown
Drive Mechanism (CAR/SSR) Guide tube,
Expansion Joint, and Neutron Detector
Housing Assembly (NDHA).

e Not including the components located under the
pool bottom such as penetration parts and
drive mechanisms of CARS and SSRs.

e FE model using ANSYS.
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2. Simplified Method [4/4]

Q FE Modeling of Reactor Assembly

e External added masses as 7452Kg in x Table 1 Material properties of safety components of
direction and 6791Kg in y direction. Reactor Assembly

e Internal fluid masses as 5693Kg in both x | ooe ] oo | %= [eeae = (58
and y directions, which submerged in leal lo/m?]| (GPa) | 281 kg
Reactor Pool. 1 pcl)eur:luertn 1 (5;1?2340 7900 | 187.8 | 0300 | 7883.3

e The safety components are fuel assemblies, assemoy ——
CAR/SSR Control and Shutdown mechanisms, |~ | """ | © sas0z0ay 0 | T 000 S
Reflector Assemblies and Gamma Shielding, | 3 | Coboc | 1| 00 esso | eas | oses | sae2
and Penetration Assembly, and need to 4 UGs 1 (ﬁfzg; 2713 | 648 | 0330 | 14495
generate FRS (ie, either FRS2 or FRS3) at . cca CLomseost [ e | 1a0
their support positions such as Grid Plate, e | e T T
Out—core reflector support plate, CAR/SSR guide tubes (AL6061)
Guide Tube and UGS Flanges. AR e

e Typical material properties of safety
components are shown in Table 1.
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3. Results [1/2]

Q FRS1 Vs. FRS3 at the Reactor Bottom
e The FRS1 are compared with the FRS3 at
the Reactor Bottom, as shown in Fig 5
resulting that

FRS3 (3% damping) FRS1 (3% damping)
EW NS VT EW NS VT

PSA(g) 2.8 2.8 1.7 1.63 1.6 1.42

flHz21 [5-81 [42- [72- [64- [52- [74-
1.2] 101 131 7 101

ZPAlg)  0.58 0.61 0.5 0.42 043 0424

e PSAs(peak spectral accelerations) of FRS3
are much larger than enveloped FRS1 at
the Reactor Bottom

v" by 72-75% in horizontal direction,

v" by 20% in vertical direction.
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Fig 5 FRS3 at Reactor
Pool Bottom
(EW, NS, VT, and
2,3.4,5,7,10% damping)




3. Results [2/2]

Q FRS2 (Simplified) Vs. FRS3 (Conservative) at the Grid Plate
e Peak Spectral Accel [PSA] of FRS3 are compared " —Gid 2 Xy
with calculated FRS2, . P
e For example, using one set of given time histories '
among six sets before 15-20% broadening
spectral values at the Grid Plate of the Reactor
Assembly as shown in Fig. 6 and Fig. 7.

—Grid_acc.Z_FRS[g]

Freq[Hz]

Fig. 6 FRS3 at Grid Plate of Reactor Assembly

FRS3 [2% damping) FRS2 (2% damping) Grid_sce_XVZ_FRs[g]-2%damp
W NS vT EW NS VT w | e
PSA 3.65 3.78 2.19 213 222 1.99 2 —— Grid_acc_Z_FRsle)

(9]
/PA(g) 0517 0649 0476 047 0478 0.442

Freq[Hz]

Fig. 7 FRS2 at Grid Plate of Reactor Assembly
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e The simplified method is proposed to generate FRS2 to be used for the seismic
qualification for the safety components attached to the Reactor Assembly.

e The artificial time histories generated at the Reactor Assembly Bottom are less
conservative than the 20% amplified time histories.

® At the Reactor Assembly Bottom, Peak spectral accelerations of enveloped FRS1 are
much smaller than those of FRS3 by 72-735% in horizontal directions, and by 20% in
vertical direction.

e At the Grid Plate, Peak spectral accelerations of FRS2 are much less conservative than
those of FARS3 generated from the linearly amplified time histories in most frequency
ranges by 70% in horizontal directions, and less conservative by 10% in vertical direction.

e The simplified method proposed can reduce remarkably computing and post processing
times, and provide with reasonable seismic responses for the seismic qualification for
the safety components in the Reactor Assembly.
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