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OH AAHI(2)

The Criticality Effects of Fuel

Reconfiguration
EPRI Report 1015050: o
« Impact to criticality due L
to change of fuel rod =
pitch ] e
 Impact to criticality due =
to percentage of broken
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OH QI ALI(3)

SF TN-GT 22| =X| A}

NRC letter to Duke Energy, August 2008:
v' Systems containing modified, SCC susceptible fuel
assemblies loaded for storage are not transportable
until an analysis demonstrating the assemblies meet Part

| ' I “ 4 71 requirements is reviewed and approved by the NRC.
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I SF J|&StE WY

- Cora Design/Safety Evaluation - FA Irradiation Growth,
Computer Code Analysis Structural Deformation
(Nuclear, Machanizal, (Bewing, Distertion) |
Thermal-Hydraullc, Fuel Red - Fuel Red-Top Nozzle Gap | -
Parformance Analysis) - Fual Red Quter Diamater |

/Oxide Thicknass

Incore Performance
Evaluation Data

- Cladding Wear/Cerrosion

|

of the Nuclear Fuel
Fuel Design/Fabrication
(Incore Integrity Eval)

Deslgn/Fabrication
Characteristics of the Fuel

/

Drawing/Specification

AN

- Transport/HandlIng/Loading

: Fuel Red/Ass'y, Grid, Other Parts, /Unleading Characteristics
(Daesign Load, Transpeort Std., ete.)

Materials

= Dasign Info. : Ass’y Typa/Langth
/Width, Ne. of Fual Red, Burnup
Lavel, Cladding Type, Enrichmant, ete.

Global Leading Nuclear Energy Partner

- Elastlc Modulus/Stiffnass/Strength of the
Cladding, Grid and Cther Compenents
(Consider a Irradiation Growth, Long-Term
Storage Degradation)

= Flaw Size, Hydride Array, Cerresien, Hydragen
Concentration, Temparature, PCL ete.

[ N
/

Initial Conditions of the SF
(Physical/Material Characteristics
of the Irradiated Material)

\

Physical/Material
Characteristic & Status
Analysis of the SF

[ Incore Operating ]
Information /
/ ‘S::,'I-':"I: osfl le . Selection of the
- Incora Performance (Use In Establish SF Representative SF
Data(Qutput Hllto?f, Deallvery/Accaptance —
Burnup, FR Interna Terms M OAR 0T iadel o S
Prassure, Initial = L i % é é
R =
Enrichmant, ate) ! % ﬁi % C %
EPRI Method (VSH?)
L. Define SF Froperties/Evaluation
Conditions
2. Evaluation of SF Dynamic Response
Computer Moclsl
3. Select the Worst SF Asssmbly as a
Representative SF
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SF Integrity Evaluation Scheme (2)

- Select the Model(Conservative Preliminary e - SFIntegrity Evaluation - SF Integrity Evaluation
Evaluation/Final Evaluation) [ Bes| | (Normal Condition) (Hypothetical Accident Condition)
- Define Geometry & Physical/Material Shommiir Sk Impact & Vibration, 0.3m Drop, : 9m Drop, 1m Drop onto a Steel Bar,

Characteristic S 38°C Ambient Temperature 800°C Engulfing Fire

- Define Transport Environment(Road, Rail, etc.) \ /

\ . The Application of 10CFR71 Requirements]
[ Define a Cask (Consider External Load Transfer, Cask—SF)

(SF-Cask Model)
\ SF-Cask System

/' /‘ Global Analysis

[ SF-Cask Modeling ] [ SF-Cask Model Analysis ] 2
A - Single Fuel Rod/Fuel Assembly Model / :
- Cask & Multi-Fuel Assembly Model - Finite Element Analysis Evaluation of the SF
(Drop/Vibration/Impact/Thermal, etc.) Transport/Storage

Detailed Characteristic Model

~--- KEPCONF
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I SF J|&StE WY
__SF Integrity Evaluation Scheme (3) |

r=—=p = PIE(Post Irradiation Examination) T i = i

e Key Evaluation Point

: Oxide Layer, Hydrogen Comosion, ete. tumu::lﬂnnlsﬁhuﬂon I I“*’ — The Worst Condlition of
F -SED/CSED P D ) T
\ (Mn::o Cn:iﬂli?r{:ﬂlﬂﬂl) Fn:t:ln?ou;::x Damage Probabllity-8traln SF Trnmp?r'tfitcmge
- " Long-Term Storage D.g"d.ﬂnn -
/ / Characteristic Model
==»- PSE(Pocl Side BExamination) - Statistical Processing & \ 4 - = - \
: Oudde Layer, stc. Development of the Define Fallure Criterla SF Integrity Evaluation
Probablilistic Model Equation (CSED, Ky, ) ; e
IIntegnty Evaluation of the Ei
| \  Evaluation SF Long-term
' of the SF Storage Integrity | i
'Transport " Evaluati fth 1
/Handllng ; Evaluauon or the .
. SF Long-Term |}
'(IOCFRH 3l 1 gy orage Degradation. |
| 10CFR7L.55[¢]) | >"Ora9¢ Yed i
» Eval. of the SF Transport —» Applied Load/Stress —» Obtain the Fallure o :
/Storage Detalled {Bending Moment, Axal Criteria Camplrlson e Evaluation of Long-Term Storage Integrity
Characteristic Model Load, Pinch Fores, stc.) Value(SED, K; — Product Model Data for Transpert Integrity Evaluation
{Conslider SF Jegradation/Retrievabllity as Handling
el e /Transperting After Long-Term Storage)
2 === : - Burnup Characteristic/Inltial Condlition/Material
- = Integrity/Thermal Integrity Evaluation
b2 « Storage Regulatory Requirement : 10 CFR 72.122[h), 0]
- : ' = Malntaln under Radlation Dose of Storage System
FR/FA Response Model Obtaln the rlurAnuponu Result of the Fusl Red - Maintaln Subcritical Under Aqy Circumstance
Damage Evaluation - Malntaln Contalnment Capabllity of Storage System

f-om External Environment
- Maintaln Retrievabllity from Storage System
- ICEPCO NF
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Il. SNF 11+ 81 22-2Ht
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DragForce
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MG04

< Dl‘ag force> : ! ! ! ! RF, RF2
! : : : : : : +1.218e+02
+1.034e+02

+8.496e+01
+6.653e+01
+4.809e+01
+2.966e+01
+1.122e+01
-7.214e+00
[0 P LI O O A S J -2.565e+01
' / : : : : - - -4.408e+01

: ; -6.252e+01

-8.095e+01
-9.939e+01

Max: +1.218e+02
MNode: Mid Grid. 727

Min: -9.939e+01
Mode: Mid Grid. 93
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#Create the model

MGModel=mdb.Model (name="
MGPart=MGModel.Part (name:

', dimensionality=THREE D, type=DEFORMABLE BODY)

# datum point 1 ~ 870/ Gr:
H for i in range(1,array_size2+2):

T ifi%2

MEPart.DatunPointByCoordinate (coords= (position[j-1],position[i-1],0.0))

(L,array_size*242):

[ for 1 in range(l,array_size<2+2):
for 3 in range(l,array_size*2+2):
ifivze=1:
MEPart.DatunPointByCoordinate (coords= (position[i-1],position[i-1],0.0))
4 datum point 871 ~ 1410/ Fuel
Ffor 1 in range(l,arzay size+l):
for 3 in range(l,array_size+l):
if FAPattern[i-1][j-1] = I1:
MEPart.DatunPointByCoordinate (coords= (position[i*2-1],position[i*2-1],-FR_length/2))

MGPart.DatunPointByCoordinate (coords= (position[i%2-1],position[§*2-1],0.0))
MEPart.DatunPointByCoordinate (coords= (position[i*2-1],position[j*2-1],FR_length/z))

# datum point 1411 ~ 1290/ Guide ©
Ffor 1 in range(l,arzay size+l):
for 3 in range(l,array_size+l):
if FAPattern[i-1][3-1] == 0:
MEPart.DatunPointByCoordinate (coords= (position[i*2-1],position[i*2-1],-FR_length/2))
MGPart.DatunPointByCoordinate{coords= (position[i*2-1],position[j*2-1] ,-sleeve_length/2)}|
MGPart.DatunPointByCoordinate (coords= (position[i*2-1],position[§*2-1],0.0))
,position[j*2-1],sleeve_length/2))
MEPart.DatunPointByCoordinate (coords= (position[i*2-1],position[j*2-1],FR_length/2))

MEPart.DatunPointByCoordinate (coords= (position[i*

4 datum point 1491 ~ 1570/ welding
H for i in range(1,array_size+l):

for j in range(l,array size+l):

if FAPattern[i-1][j-1] = 0:

MGPart.DatunPointByCoordinate (coords= (position[i*2-1],position[i®2],0.0))  # top
MGPart.DatunPointByCoordinate (coords= (position[i*2-1],position[i*2-2],0.0)) # bottom
MEPart.DatunPointByCoordinate (coords= (position[i # rignt
MEPart.DatunPointByCoordinate (coords= (position] 0.0)) # left

4 Wire generation
ME_datuns_keys=NGPart.datuns. k=vs ()
MG_datuns_keys.soct ()

— = | = Ho

(FET? siM = e £9)

- dF/oIR/2E/E=2 XX 4%}
- AT/ nEH|

~

{3 > chs

WEC
CE/KSNP

il

=l 3

s}

e

R Ejgilcz &

- O
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FALCON results

Peak cladding temperature (C)

&

o 0 0 » 0
Storage time (years)

gg‘g 400°C
"

3 s 380°C
- 160°C
=
TE 330°C
=
= 2 300°C
.E Bl 250°C
-3

=

Hydride reorientation
f Michanical behavior l’
A

200 300

o 100
Applied stress (MPa)

> Define material properties using Abaqus User Subroutine <—

RHs concentration (ppm)

Global Leading Nuclear Energy Partner

ALY A
vmP‘ent fuel behavior | |
Temperature history o z
« Cladding hydride distribution ——— T R

« Caldding creep

Radial position

LI

Stress

o Strain
Applied stress (MPa)
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Il. SNF 11

3D 4H-g 8t

[0

N g=g ol i
T4 o N = yapeul S8HALD Rl
A =1 = Uy
22 (MPa) (MPa) Casel Case?2 Casel Case? AVLY { ,)/
Lf ‘| / \’.‘\
_ . 546 539 . R
Ha - s, (1 1
o| = At Ziy-4 531 710 (433) (484) 795 795 § \

BG Inc. 718 1,034 1,241 1216 11620 1,390 1,390

MG Ziy-4 296.0 379.0 304.7 281 470 466

TG Inc. 718 1,034 1,241 1,117 1,012 1,375 1,377
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o Fuel Rod Model(FE) for integrity evaluation

Stage2: Detailed FR/other fuel

Stagel: Global Analysis

<General/Conservative Model of Transportation Cask> Material properties using Abaqus User Subroutine
S e Geometric condition(gap, cladding thickness...)

component integrity evaluation

(Avg: 75940
+2.975e+08
+2.728e+08
+2.481e+08
+2.233e+08
+1.2986e+08

Failure Evaluation

+1.738e+08
+1.491e+08 -
F1Z33e10m Stress
+9.961e+07 .
17 486et07 - Stra"‘]

L1 = T Fuel rod model with GloBal analysis BC

+2.538e+07 D TR = b+ 005 <ruel roa model wi Oonpal ana ySIS >

+5.338e+05 | | | = — SED
Max: +2.975e+08 =

Elaem: CAMISTER-1.229564
Mode: 25782

Min: +6.228e+085

Elem: CAMNISTER-1.67&0
Mode: 6947

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

* Pinch force
» Axial force
* Bending moment

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

o - KEPCONF
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V. H|S& SF XX &

Development of Solution for

= Af
“T UL

Work process

TN-GT separation due to IGSCC)

Analyzing a potential
separation-risk SNF

v

TN-GT tie mechanism
TN-GT FE model/test

Design of TN-GT tie
tool for safe handling

:

Design optimization

[Concept Deﬁg_ P
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