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Introduction

Passive nuclear power plant is majored in SNERDI

CAP150 The molten core retention strategy: IVR and/or EVR

(In-vessel and/or Ex-vessel retention)
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Introduction

Large-Scaled Passive Plant Schematic diagram of PXS
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Passive Core Cooling System (PXS) includes:
1. Passive Residual Heat Removal Subsystem: PRHR-HX, IRWST

2. Passive Safety Injection Subsystem: CMT, ACC, IRWST
3. Automatic Depressurization Subsystem: ADS1-3, ADS4 R



Introduction
Large-Scaled Passive Plant Schematic Diagram of PCS

Passive Containment Cooling
System (PCS):.

remove the heat through the
steel containment wall by water
spraying and natural air
circulation
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The research undergoing
.......................................................................... IVR
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SNERDI focused on IVR research for a long time
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The research undergoing

.......................................................................... IVR
The IVR Issue
ltem Possible action Purpose
Transient | Core melting Understand the core melt
analysis analysis progression
Core From bottom The action for melt
relocation  [Fromside relocation, support the
pool configuration
judgment
Steady Pool 2 layer Determine  the  pool
state configuratio [3layer configuration, 2layer or
analysis n 3layer
Pool heat|[Top layer, Oxide Determine the heat flux
transfer layer, bottom layer
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The research undergoing
.......................................................................... IVR

SNERDI developed systematical IVR research

— Theory study _
" | : Review &
 Core melting & relocation et
« Molten pool configuration
mechanism research
 RPV structure analysis _
. | Ih ¢ IVSi Transient &
Molten pool heat transfer analysis steady state

* VR enhancement
« Cavity flooding

— Test study Theory &
e CHF test test

 Pool heat transfer test



The research undergoing
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Designs benefit for IVR:

» ADS

» No penetrations in RPV

» Containment flooding area

\> Optimized insulation
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The research undergoing

.......................................................................... IVR
The special & creative IVR work in SNERDI

Theory Test
Study study
» CFD flow & heat transfer > ERVC
» Crust strength > KCHF
» Thermodynamic study > Metal layer

» Core injection strategy
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The research undergoing

.......................................................................... IVR Study

Molten pool CFD simulation

& Purpose

phenomena
¢ Contents
» Oxide pool simulation

¢ Results
» Compared with ACOPO test

small scaled

» Temperature layered

> Find out flow & heat transfer

» Vortex existed: large scaled &
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The research undergoing

Molten pool CFD simulation

& Purpose

> Find out flow & heat transfer
phenomena

¢ Contents

» Metal layer simulation

¢ Results

» No stagnant areafound
» Bulk temperature distribution

» Bottomtemperatureis highest
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The research undergoing
IVR Study

Crust intensity study

& Purpose

» Find out the possibility of totally
mixture

¢ Contents

> Crustsimulation

» Based on molten pool CFD
simulation results

¢ Results
.C rust Max stress Max strain MACIS e
thickness (MPa) (mm) stress
(mm) (MPa)
2.9 4.97 6 11

The crust is probability to keep intensity,

the oxide and metal may not well mixed
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The research undergoing

.......................................................................... IVR Study
Crust intensity study

¢ Purpose CFD pool
» Find outthereaction in the pool simulation
¢ Contents

> Pool configuration study Yes Crust
failed?

» Reaction under the very high
temperature

¢ Results Oxide & Oxide &
metal may metal not
> May generate U well mixed well mixed

» The heavy layer is mixture

| Only the support
Reaction structures
study contribute to
3layer




The research undergoing

.......................................................................... IVR Study
Core Injection o .[ g
¢ Purpose ]mﬁ'* : 4__Hifj '-
» Find out the IVR effectiveness based on - [\ : - S-CSHL
PSA 2 L
¢ Contents L Ezﬂ
» Coreinjection manners ore linc
» Decomposition Event Tree analysis
¢ Characteristic
» High probability of successfulinjection o
» In-Vessel & Ex-Vessel cooling of the pool ) =ji’
» Written to the SAMG — -f




The research undergoing
.......................................................................... IVR Study

Core Injection analysis results(CAP 1400)

Three layer

Normal configuration
condition (Consider

(two layer water injection)
configuration
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The research undergoing
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Oxide (nearly horizontal lines) and Metallic Phases Densities as a function of the Mass of Fe in the
U-Zr-Fe Mixture, Mass of UO, =100 t and U/Zr = 1.45
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The research undergoing
.......................................................................... IVR Study

Maximum Mass of Fe the Can Stratify below the Oxidic Corium (Mgeaax)

Fraction of Max Mass of Fe that
Zirconium Oxidation can Stratify
(%) (ko)
0 60
10 48
20 35
25 32
30 24
40 10
50 0
100 0

Thermodynamic study
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.......................................................................... IVR Study
ERVC full height test

& Purpose

> Getthe CHF correlation

¢ Contents
» CHFimpact factor sensitivity test

> Surface character test

¢ Characteristic
» Full height design
» Full scaled of RPV radius
» Sliced simulation

> Natural circulation

» RPV prototype material




The research undergoing
.......................................................................... |VR Study

CHF Key factor test N\

¢ Purpose

» CHF sensitivity test
¢ Contents

> Surface character test

» Additive sensitivity study

¢ Characteristic
» 30° &rotationdesign
» Full scaled of RPV radius
» Sliced simulation
» Pumped circulation

» RPV prototype material




The research undergoing
.......................................................................... |VR Study

Metal layer test

¢ Purpose
» Metal layer correlation validation
¢ Contents

> Heat transfer with different Ra

& Characteristic

> Water simulated

> Natural flow

» Bottom heated, top & side cooled

» High Rasimulation
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The research undergoing
.......................................................................... EVR Study

Structure study

¢ Purpose

» Ex-vessel debris retention
¢ Contents

» Configuration study ——"

» Important phenomenastudy
¢ Characteristic

» Ex-vessel pool cooling

» The catcher cooling
WERTIZ sy e et SRS

» Consistentwith IVR strategy

» Consistentwith plant design
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The plan

Uncertainty in IVR analysis Low probability of failure in extreme

\}

To improve the confidence in larger power plant

l

Further IVR research

Even larger power Free choice

> EVR Research [¢
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» Fluid & solid coupling
» Crust property

» Metallography

» 3 layer challenge

o /

-~

o

» Steam explosion
» Structure & layout
» Debris cooling

» The catcher cooling

J
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| Oxide

Pool configuration test
research
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__________________________________________________________________________ IVR
Pool configuration study I
SELTNN 1|]1
¢ Purpose rRte
» The components of the heavy ($) 5 EELAL 1 )
- | 331
metal layer 5 g () Ik
SEREEIES INE =
¢ Contents o O
i @ ®
» Crust strength test i g || Rt | o'
> Configuration test ® v ®,
O ) @
C 517K
& Characteristic o O L
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> Prototype material o (6)THFEHL
3 | 3
» Electromagnet heater
> Consider the RASPLAV/MASCA Schematic diagram of test
test insufficiency mai




Enhancement study

¢ Purpose

» Improve the IVR effectiveness

¢ Contents
» Internal structure mass
Increasestudy

» Internal structure layout study

¢ Characteristic

» Increase the performance of
Internal structure

» Minimize the negative impact

Schematic diagram
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Steam explosion study

¢ Purpose

> Steam explosion consequence ,

optimize the structure Fine
Coarse Fragmentation
Fragmentation & Intermixing
¢ Contents

Vapor Film

> The character after RPV failed
with flooding cavity

» The steamexplosion result

Propagation

—

T ——

‘ Cha r aCte r i St i C Two-Stage Fragmentation Process

» Theory/test study

» Conservative methodology
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.......................................................................... EVR
Core catcher coolability
!
¢ Purpose =
» Optimized flow channel | —
¢ Contents s
#) & —
» Flow channel sensitivity stud
y y m—
& Characteristic
» Pumped/Natural flow
» Changeable channel
» Heated channel
SPTC




Core catcher integral test
¢ Purpose T s
O@ {
» Core catcher performance bs N
validation - e ——
¢ Contents —
> Thenatural circulation I
> Thetransient o
¢ Characteristic g ; en |
N
» Full height
> Thermite oxidation material
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Summary

SNERDI do a lot of work in molten core retention study

v IVR is credited for certain power v EVRis consideredin the even larger
level plant, even reliable in larger power plant

power plant v The steam explosion is

v 3 layer configurationis in low important for passive plant EVR
probability

v' the core injection can improve
the IVR effectiveness

v' Other new research

SNERDI will do further work for molten core retention
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