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ABSTRACT

This paper presents preliminary analysis and results on IASCC sensitivity of a core shroud in the reactor pressure
vessel. First, neutron irradiation flux distribution of the reactor internals was calculated by using the Monte Carlo
simulation code, MCNP6.1 and the nuclear data library, ENDF/B-VIL1. Second, based on the neutron irradiation flux
distribution, temperature and stress distributions of the core shroud during normal operation were determined by performing
finite element analysis using the commercial finite element analysis program, ABAQUS, considering irradiation aging-related
degradation mechanisms. Last, IASCC sensitivity of the core shroud was assessed by using the IASCC sensitivity
definition of EPRI MRP-211 and the finite element analysis results. As a result of the preliminary analysis, it was
found that the point at which the maximum [IASCC sensitivity is derived varies over operating time, initially moving
from the shroud plate located in the center of the core to the top shroud plate-ring connection brace over operating
time. In addition, it was concluded that IASCC will not occur on the core shroud even after 60 years of operation
(40EFPYs) because the maximum IASCC sensitivity is less than 0.5.
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Table 1 Design Features of a Target Reactor.

Design features Value
Electrical power (MWe) 1,000
Core thermal power (MWt) 2,815
Fuel assembly type PLUS7
No. of fuel assmbleies (ea) 177
Inner diamter of RPV (m) 4.1
Height of RPV (m) 14.6
Thickness of baffle (cm) 22
Thickness of barrel (cm) 6.0
Thickness of thermal shield (cm) 8.3
No. of formers (ea) 5

=

(a) (d) (e)

Fig. 1 Three-dimensional Model of the Reactor Assembly:
(a) axial modeling, (b) fuel assembly, (c) reactor
internals, (d) upper support structure, (¢) lower
support structure
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Fig. 2 Radial Distribution of Neutron Irradiation Flux
along the Core Centerline of the Reactor Internals.
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Table 2 Neutron Irradiation Fluxes for Various Locations.

Location Neutron irradiation flux (n/cmzs)
RPV center 2.54x10"
RPV upper 1.03x10"
RPV lower 1.21x10"
Thermal shield center 1.85x10"
Core barrel center 1.27x10"
Core barrel upper 1.50x10"
Core barrel lower 3.34x10"
Former center 2.67x10"
Former upper 6.20x10"
Former lower 3.34x10"
Baffle center 1.32x10"
3. RER 25 W S &y
B dFE g 2oz AAHe Sy
BEe B3] 93 234 FUA ANF maL A
S31Ath AAL 304A|E 2LEHUOlE 2HQIE
2 722 ASME B&PV Code, Sec.Il, Part D'?9}

EPRI MRP-2110l] AN A2 2AXS ALL3HT)

2 AT dn] 40l =4 Age-EE 2xkd
A= e ﬂ*lﬁi} =4 Agke-E 9
HAAsHE BALH FEL B} Heo|x Ak
g4 93 4ges B AFFH =Y Tl 3
A& S8l she] 7 5o E AT
Y3} A #e Bgo|2z AZEY o
748k ok

B AFdAE 7P tiaEA Mol el 7t
4 (heat-up) §Z+ 74 (cool-down)ol T3l 314
Tttt 4 AARAR 7AH AAERA
AASEEILA Aol AAE AAZRAE I8t
ATt

£33

o
=
KN
e

ABAQUSE ©]&3to] €= 7]RF f3ta s 25
1498 Sa3H9ITh Fig. 3& A7k Aste] B2 4]
Ao LERE WHE HFH Ytk 1Y
oA AAIE Ble} o] ARt Aol W} LE7}
AL 9 AZE o Tl URT LE BEE
BT AT e HESE Bl B 257}
WAL= A ol 29 24 9X]3 4
B pdols AARA o) st 1wy
e o 5+ ek

_3_55}1@ AAE A gho= skl TR Al o
W3l g8z 9 Hole ~d8e 133
28542 ABAQUSS |83}

l‘

w3
NT11 NT1L
332.6002
258133 = 328.4443 ™
88755 B
828237 315.5742
252238 311.8176 =
84,3401 — 307.6609
84.4301 3035042
e B
£1.2005 :
80.1207 291.0342
790408 L 2868775 L]
725298 — 282.7208
- =
- =
- =
- =
(a) 1.13 hrs (b) 5.16 hrs
NT11
NT11
e = =
3ac.7241 3357241
3409210
335.1179 335.1179
329.3148 3233148
3235118 L 3235118 L
317.7087 M 317.7087 B
311.9056 311.5056
306.1026 306.1026
300.2995 3002995
294.4364 2944962
268.6934 L 288.6934 L
282.8303 282.8903 ]
— —
— —
= —
(¢) 1027 hrs (d) 13142 hrs

Fig. 3 Temperature Distribution of the Core Shroud.
(unit : °C)
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Fig. 5 TASCC Yield Strength Multiplication Factor as
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Fig. 6 Variation of IASCC Sensitivity Distribution of
the Core Shroud at Steady State during Normal
Operation vs. Operating Time.
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