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ICI Penetration for APR1400

| CEDM

CEA Extension Closure Head Nozzle
Shaft

Reactor Vessel
Closure Head

H lo] « [oRHo| « [oFHol « [of i
[l 2 felle] 2 olle] 2 o] FT
44 lo] « [o][H[o] * |ofH o] « |o] |4
M lel:lelHlel « lelHIel & [of IE
A4 [of = [o|H[o] * [o|F[e] = lof |
I lelzleltlel s lelrlel : fo] FE
- O « (O of » O o|e|of I'l
A el 2 lo{d[el 2 felEllel s [o] L
034 bol = ol o] = el o] = o] kE
el el folfllel = o] [E
A1 tof = {o|[1le] * fo[[l|ef = o] LF
30 1ol = fell (o] = te|Ll|o] & |o]
A4 fof « [o{[l[o] « fo|Fl[o] * lo| |-F
I: ol = [ofHle] = lelH|e| = o
b Outlet Nozzle
Inlet Nozzle ’

Upper Guide

Structure
Assembly Fuel Assembly
j Core Shroud
Surveillance [ 3
Capsule Core Support Barrel
Assembly [ ]
[ :] Reactor Vessel
Flow Skirt
Lower Support Core Stop
Structure
In—Core Instrumentation Bottom Head Nozzle

Nozzle

kaerl Korea Atomic Energy Research Institute Severe Accident & PHWR Safety Research Division 2



ICI Penetration Failure
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Welding Erosion Test (1)
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Welding Erosion Test (2)
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Composition: Tine,  (s20)
Fe 46%, U 31%, Zr 16%, Cr 7%)
Mass:

Composition:
3.129 kg

SUS304 (Cr 19%, Ni 11%, Fe 70%)
Mass: 2.2155 kg
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ICI Penetration Failure Test (1)
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ICI Penetration Failure Test (2)

 Penetration test specimen
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(DOOSAN Heavy Industries and Construction. Co., Ltd.) PW1-PW4 : Penetration weld temperature

RVH1-RVH7 : Reactor vessel hole temperature
RV1-RV10 : Reactor vessel temperature
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ICI Penetration Failure Test (3)
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ICI Penetration Failure Test (4)
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Failure Models & Calculations (1)
0 Tube Ejection (Weld failure)

pi=10 bar
A (1222’ Wil
Tt,in T, d(=T t,in:T h,in) Lszt +(Lw 'Lw,in) 5 6 Th,in
RPV Bottom Head —
Tu294K e Leisos |
| ~f=0.27
Tt,out T, h; T, h,out
Linear tube mean wall Linear hole
temperature distribution X temperature distribution
P

Tt,uut= Tt,in'30 c=T, h,ou/T h,in

1 =76.20 ¢=0.73 for Molten pool debris bed
v of PWR

dy=76.30
Po=0bar

= Ejection criteria

[/T : Total thermal binding shear force

F, >V
P T where, Fp : Ejecting pressure force
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Failure Models & Calculations (2)

O Tube Ejection

1. Free thermal expansionoftube and hole 5. Tube-holeinterface pressure
R E(r02 - riz)
r, [roz (1-2v, )+ 2L+ )J

Required interfacial pressure to force

Tube: AI'-OT = rOOCt (Tt _Tref ); Tref =294 K

Hole: Ary =rhan (T —Trer ) Trer = 294K

5i <0: Pth = |lesser Of < the outer diameter of the fube to conform ;
. he diameter of the hole affer free expansion
2. Pressure expansionof tube L
' 2 I
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Tube: Ar, il '( t) J3 § ]
r 2 _ ri2 > Required pressure fo cause compression failure

P of the fube material
Hole: Ar, = 0

- The pressure expansion of hole is negligibly small. 6. Total thermal binding shear

n

n=1
f :notaf(temp.), but a f (roughness)

3. Total expansion of tube

Tube: Ar, =Ar) +Ar)
- 0.27 for high-temperature, oxidized conditions
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7. Ejecting pressureforce
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Failure Models & Calculations (3)

O Experimental results
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Failure Models & Calculations (4)

1 Tube Ejection
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O Input data
v' Obtained temperature profile

QO Assumption
v' Pi=10 bar

v' Clearance gap size: same as
normal operating condition

v Top surface temp. up to 2600 oC
while maintaining similar temp.
profile
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Failure Models & Calculations (5)

0 Tube Ejection (Weld failure)
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. Ejecting pressure force, ,0i7r/02
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Failure Models & Calculations (6)

d Tube Ejection

| . | ! | ! |
100 —— Ejecting pressure
Total binding shear force
|
80 - :
|
z : i
X 60 A |
@ |
=
S |
LL I —
40 - :
|
|
20 - | ]
|
0 E .

| . | ' | ' | ' | ' | | |
1200 1400 1600 1800 2000 2200 2400 2600
Top surface temperature(°C)

4
;"A“'\ Korea Atomic Energy Research Institute Severe Accident & PHWR Safety Research Division 15



Failure Models & Calculations (7)

d Tube Ejection
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ANSYS Analysis

Nozzle

Detail “A”

Melting Zone

Resultant Friction

Force

Deformation of reactor vessel affects the gap.
Clamping or non-clamping ICT nozzle depends on the location.

Gap Elements with
Friction Capability

L Gap=0.0015 in
(0.0381 mm)

ICI Nozzle

Clearance gap size may change.
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Concluding Remarks

d APR1400 ICT penetration tube failure study

O Welding material erosion test at VESTA-S facility
O ICI penetration tube failure test at VESTA facility
O ICT penetration tube failure calculation with suggested model

d Future work

O Test with high heat flux and elevated pressure
O Test under the external reactor vessel cooling condition
O Analysis in case of clearance gap change
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