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Resolution Summary of Acceptance Review
Results (RVI integrity - IASCC and Swelling)
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Background

® 13t PARM (Feb. 10 ~ 11, 2014)

— (NRC) The evaluation on the effects of irradiation assisted stress
corrosion cracking (IASCC) and v0|d swelllng on the design of the
core supports and reactor mternals to address the operating
experience for these envlronmental degradatlon mechanisms will
be given in APR140| DCD Section 4.5.2.

- (KHNP) The RVI parts are evaluated for the susceptibility to IASCC
and void swelllng
« Using MCNP code for neutron fluence calculation
» Considering the temperature due to the coolant and gamma ray
« Considering the stresses due to thermal and other source of loading

» Using the screening criteria which is defined in EPRI MRP-191
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Resolution Summary

NON-PROPRIETARY

No

Description

Resolution

DCD (TeR)
Section

Remark

67

There is no evaluation
on the effects of
irradiation-assisted
stress-corrosion cracking
(IASCC) and void
swelling on the design
of the core supports

Will be completed before
DCD resubmittal

4.5.2
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Future Plan

® Completion of Evaluation on IASCC and Void Swelling
® Addition of Evaluation Result to the DCD Section 4.5.2
— before DCD resubmittal
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Explanation of Evaluation Method

Briefing on the Methodology Adopted by KHNP
For RVI IASCC and V0|d Swelllng Evaluation
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General Description on Evaluation Approach

= t Screeni o .
s oonng | Categorization RVI Component List
[ . . | | \‘,
Selow Sereening initial -\ ADOVE Sereening YES / Initial Screening using design
Screening : .
No Credible - value of fluences: > 5x10% n/cm?
Damage Issue Likelihood &
Severity
Analysis ) y . . .
ot A e L Hign 1 | Determination of Evaluation Scope
Resolved by [~ Analysis | |\ Radiation Transport
Analysis Functionality N .
Assessment N B I AnalyS|S
. Functionalit
Manggg%ent Aging y I i
1 Strgteqv Management Assessment Computat|ona|
No | e Fluid Dynamics
Additional ! 1 1 Development Yy
Measures ‘ Existing ‘ ‘ Expansion ‘ ‘ Primary |
|—H Structural Analysis (USERMAT)
‘ Existing Programs ‘ ‘ New Requirements ‘ \11

NO
l_ Susceptibility of IASCC/Void swelling

Aging Management Program
I1&E Guidelines

YES

Resolved by Analysis
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APR1400 RVI Components
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Core Shroud, CS Barrel,
Lower Support Structure
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Initial Screening
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® Components Screened: Neutron Fluence > 5 x 10" n/cm?
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Evaluation Scope for Computer Code Analyses
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Functionality Assessment

® Radiation Transport Analysis
— Computer Code

@ MCNP (Monte Carlo N-Particle transport ‘code)
= Version: MCNP5 "
= Cross Section Libnl'éi'ry__aﬁ"qji"i;_e”d';: ENb?/B—VII

e

@ Tally (Output) 5ol
. Calcuiatmn of neutrbn flux and dpa: using F4 Card, [#/s]

. Calculatloh of heat generation rate: using F6 Card, [W/cm?3]
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Functionality Assessment
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® Radiation Transport Analysis
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Functionality Assessment

® Radiation Transport Analysis Fuel Alignment Plate

- Models

17" Pre-application Review Meeting
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Functionality Assessment

Watt Fission Spectrum

® Radiation Transport Analysis

— Source Term

@ Neutron Source

Probability

Watt-Fission Spectrum r“'

t—=t —f—t——+ —t—t—+—1— ——t—+— T
o 1 2 3 4 5 [ 7 8 9 10

Neutron Energy(MeV)

@ Neutron IntenS|ty

. Core Thermal 'Power 3983 MWt
(% Core |T[hermal Power: 995.99 MWt )

. Neutron Intensnty in the Quarter Core: 7.521x1019 [#/s]

@ Delayed Gamma Source
= Using Conservative 8th Cycle, EOC (End of Cycle)

= (Calculated by Origen-ARP

application Review M “I(
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Functionality Assessment

® Radiation Transport Analysis

— Axial Power Distribution Radial Power Distribution
% of Core Helght Fractien 100
98.81 0.28
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03.88 0.77 50 . w |
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5 42.30 110
= 37.82 1.10 a0 -
o 32.82 1.10
§ 27.38 1.10
5 232.38 1.10 30 -
‘& 17.82 1.08
S 12.62 1.04
< 8.89 0.93 20 4
S 6.35 0.81 !
3 5.04 0.73 | \
o 4.38 0.70 10 - . ; \
> 3.18 0.44 Pin by Pin \
i 1.1 0.91 . Assembly—Averaged
0 0.5 1
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Functionality Assessment

® Radiation Transport Analysis
— Activities to be performed

@ To Obtain the Following Outputs
= Neutron Fluence (dpa) for Stfuctural Analysis

= Heat generation ra e for CFB Slmulahon
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Functionality Assessment

® Computational Fluid Dynamics
— Computer Code

@ STAR-CCM+
= Version: 9.02

= Output

e

@ Forthe Surface of Core Ivgroud CS Barrel, Lower Support Structure

. Temperauﬁre Dlstrl_butlon

" Presure Distribution
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Functionality Assessment
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Functionality Assessment

® Computational Fluid Dynamics

- Models (Geometry Models)

Assembled Model Py
with Shroud Ass'y S
inside (colored) €N

LSS + ICI
Guide Ass'y.

A

Upper Guide
Tube bundle

/& /. ¥ &
SV Low Support
¢#°" | Structure

17t Pre-application Review Meeting

CS Plates
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Models (Computational Models
@ Polyhedral elements are used

Functionality Assessment
® Computational Fluid Dynam




Functionality Assessment

® Computational Fluid Dynamics

— Assumptions

@ Amount of heat generatlon by: fuel 3983 MWt

@ Source term of structural heat generatlon

- Use of Output{)ata Z

CED Mapping

application Review M “I(

17" Pre-

€2 KeDCo 2

FEA
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@ Fuel bundle: thermal porous medla methedology is applied

@ Three d|menS|d>naI mapping of the CFD calculation results (pressure
and tempe_rature data) to structure grid for Structural Analysis

i
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Functionality Assessment

® Structural Analysis
— Computer Code

@ ANSYS

= Version: 14.5

— Elements used

e

Q SOLID185ﬁ node brlck
o TARGE17O (qoptaci)
o CONTA173 (contact)
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Evaluation Scope for Computer Code Analyses
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Functionality Assessment

® Structural Analysis

- Models Upper
Plate

Shroud
Plate

Core
Support B
Barrel i

| Core

| Shroud Brace

Ring

Lower
Plate

s
Q
&
s
=]
g
S
2
B
S p
& L

£ Rib

=

i

]

Lower Support

Structure
23 2 ICHNP

@




NON-PROPRIETARY

Functionality Assessment

® Susceptibility of IASCC/ Void Swelling

— By Using the Program ANSYS USER MAT (IRADSS)
@ Input Data

» Displacement per atom (dpa)

= Temperature dlstrlbutloh >
= Pressure dlstrlbutlon N

" Resmual Stress

@ Output (IRADSS State Variables)

application Review M “I(

Degradatlon . .
Mechanism No State Variables Criteria
IASCC 10 IAS_CC* Susceptibility ]

Ratio
i . Effective Irradiation o
Void Swelling | 3 Growth Strain (in/in) 10%

17t Pre-

* JASCC Susceptibility ratio = Effective (Von Mises) Stress/ IASCC Susceptibility Stress
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Aging Management

® Aging Management of Susceptible RVI Components

— In-service Inspection as per ASME Section XI

@ Satisfying the Requirements in EPRI. MRP 227-A, "Pressurized Water
Reactor Internals Inspection andEvaIuatlon Guidelines.”
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r-Your Attention

Thank You ForY
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