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Background and Objectives

¸ The LIVE Program (Late In-Vessel Phase Experiments) experiments 
are carried out to complement the experimental data on melt pool 
behavior in the vessel lower head 

¸ Joint post-test calculations and evaluations carried out within the 
frame of the network of excellence SARNET of the EU 6th 
Framework Program, using different model approaches and codes

ï CEA with ASTEC

ï IKE with MEWA/VECO late phase modules of ATHLET-CD

ï KTH with PECM method

ï FZK/IBRAE with CONV CFD code

¸ The code applications aim at assessing the capabilities of the existing 
modelling and identifying possible need for improvements as well as 
providing support for the interpretation of the experimental results
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Main Objectives of the LIVE Program

¸ The LIVE Program (Late In-Vessel Phase Experiments) experiments 

investigate

ï Formation of melt pools in the core region

ï Stability of melt pools in the core region

ï Relocation of melt to the lower head of the RPV

ï Formation and re-melting of crusts in the lower head

ï Retention of the melt in the lower head of the RPV

Extension of the available experimental database for 

validation of computer codes

Definition of accident management procedures for accident 

control in operating reactors

¸ The experimental program consists of three phases:

ï LIVE Phase 1: Melt retention in the RPV lower head

ï LIVE Phase 2: Relocation of melt into the RPV lower head

ï LIVE Phase 3: In-vessel melt pool formation and behavior
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LIVE Test Vessel and Instrumentation

Geometry

- 1:5 scaled RPV, Ø1 m, wall thickness ~30 mm

- cooling vessel to allow cooling by water or air

- heating furnace of ~220 l volume

- volumetric heating system

- maximum temperatures of up to 1100 C

- central and non-central melt release

- non-symmetrical melt spreading

Facility Instrumentation

- heat flux sensors

- thermocouples

- mechanical sensors

- video (optical and IR) cameras

- weighing cells

- recording of the power input

- extraction of melt samples



5

Instrumentation of the LIVE Vessel
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Melt Generation and Melt Volumetric Heating

Homogeneous volumetric heating

- 6 spirally formed separately regulated 
heating planes with a total power of ~28 kW

- shrouded electrical resistance wires with a 
maximum temperature of up to 1100 C

Tilting furnace of ~220 l volume

- maximum temperature1100 C

- maximum power ~25 kW

- vacuum pump to extract the residual 
melt out of the test vessel



7

Simulant Melts

sodium nitrate ïpotassium nitrate 

(NaNO3ïKNO3) binary melt

- eutectic temperature of 225 C

- maximum solidus-liquidus 
temperature range between
of ~60 K

- well-known material properties

- restricted to dry conditions

Option for future experiments: V2O5 Based Binary Melts

- eutectic temperature in the range of ~600 C

- material properties unknown

- can be used in presence of water
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LIVE-L1 Test Parameters

¸ Central pour of 336 kg / 120 l of melt (20 mole% NaNO3, 80 

mole% KNO3) with initial temperature of 350 °C,

~ 31 cm melt pool height 

¸ Phase 1 (0-7220 s) : Air cooling, heating power 18 kW at the 

beginning, reduced to 10 kW at 3720 s

¸ Phase 2 water (7220-82675 s) : Water cooling starting with 1.5 

kg/s, then reduced to ~47 g/s, heating power 10 kW 

¸ Phase 3 (82675-102620 s) : Water cooling with ~47 g/s, reduced 

heating power of 7 kW

¸ Phase 4 (102620 s) : Power shutdown and melt extraction



9

LIVE-L1 Test Phases
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LIVE-L1 temperatures measured in the melt pool
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LIVE-L1 Heat Fluxes through the Vessel Wall
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LIVE-L1 Heat Fluxes through the Vessel Wall
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Crust Formed in the LIVE-L1 Experiment
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Crust Thickness Profile
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LIVE-L1 Melt and Crust Composition

Before the test

(sample L1-M1)

After the test

(sample L1-M2)

Crust

(sample L1-C1)

Crust

(sample L1-C2)

K [w%] 30.597 28.102 38.883 37.960

Na [w%] 4.511 4.584 2.118 2.114

Na/K [w/w] 0.14742 0.16312 0.05447 0.05569

K  [mole %] 79.954 78.283 91.522 91.349

Na [mole %] 20.046 21.717 8.478 8.651

Na/K [mol/mol] 0.25071 0.27741 0.09263 0.09470

KNO3 [w%] 82.594 81.091 92.776 92.627

NaNO3 [w%] 17.406 18.909 7.224 7.373
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Post-test Analysis of LIVE Experiments

¸ Crust composition and morphology

¸ Crust porosity

¸ Heat conductivity of the crust:

estimated between 0.37 and 

0.66 W/(m K)
10 kW   7 kW


