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The Preliminary Results of Steam Explosion Experiments in TROI
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Korea Atomic Energy Research Institute (KAERI) launched an intermediate scale

steam explosion experiment named "Test for Real cOrium Interaction with water

(TROI)" using reactor material to investigate the effect of material composition, multi-

dimensional melt-water interaction, and hydrogen generation. The melt-water

interaction is confined in a pressure vessel with the multi-dimensional fuel and water

pool geometry. The cold crucible technology, where the mixture of oxide powder in a

water-cooled cage is heated by high frequency induction, is employed. It minimizes

unwanted inclusion of impurities during the melting process. The data acquisition

system and instrumentations which measure the static and dynamic pressure,

temperatures of melt and water are set up.

In the first series of tests using several kg of ZrO2, melt water interaction is made in a

heated water pool at 95 °C without triggering. A steam spike pressure at about 10 bar

is observed. The morphology of debris shows that there was a mild local steam

explosion. The melt water interaction was monitored by video cameras. The UO2

tests are scheduled around March of 2001, in parallel with the improvements of the

design of test facility.
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1. Background

Thanks to the coherent program on the self-reliance of nuclear technology during last

two decades and continued long-term R&D program, Korea has active nuclear

program on constructing commercial nuclear power plants. Four units of KSNPP

(Korean Nuclear Standard Power Plant) type reactor including two units to be

supplied to North Korea and the two units of KNGR (Korean Next Generation

Reactor) are planned with operational license target before 2010.

Strong resistance to the postulated accidents including severe accidents should be

properly implemented in the design of those plants for better public acceptance,

which became a very important factor for nuclear industry. As for the KNGR, which is

a 1400 MWe ALWR, severe accident issues are properly addressed by adopting the

System 80+ design features and additional design improvements. In that aspect,

KEPCO (Korea Electric Power Company) took IVR (In Vessel Retention) strategy as

a measure of severe accident management (SAM) for KNGR by flooding the reactor

cavity with cold water. Recently, it is pointed out that the structural loading due to ex-

vessel Fuet- Coolant Interaction (FCI) could become a potential licensing issue, as

the success probability of IVR is judged to be not high for KNGR. In addition, the

debris coolability of molten fuel discharged from the damaged reactor vessel could

be a safety issue for KNGR. This is a safety issue for the KSNPP type of reactor

also, where the dry cavity is maintained in the SAM.

In the course of a severe accident, the fuel in the core could melt and relocate to the

bottom of the reactor vessel. The Fuel and Coolant Interaction might occur either in-

vessel, during flooding a degraded core or when a molten core drops into the lower

vessel head filled with water, or ex-vessel, when molten core debris is ejected into

the wet reactor cavity after the vessel failure or the molten debris is flooded in the

containment. Each of the scenarios may lead to an energetic FCI process, which

involves transfer of energy from the molten fuel to the surrounding coolant in a time

scale ranging from milliseconds to hours. Interactions occurring in a millisecond

range can lead to the energetic steam explosions, which could challenge the integrity

of reactor vessel and containment. Interactions occurring in a longer range are

normally non-energetic, and are characterized by partial fragmentation and

quenching of melt.

The experimental research on FCI issue has been performed during last decades. It

was carried out in a wide range covering analytical tests on single drop fragmentation

(Chen, 1997), test on mixing (Denham, 1992), intermediate scale experiments with
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simulant material on FCI energetics in the FITS (Mitchell 1981), ALPHA (Yamano,

1995) and experiments using prototypic materials, such as KROTOS (Huhtiniemi

1997), and COTELS (Kato, 1999).

It was generally agreed that the probability of alpha-mode failure is very low and can

be considered resolved from the risk perspective as discussed at the Steam

Explosion Review Group (SERG-2) workshop in 1995, and the Specialist Meeting in

Tokai, in 1997. It is the major accomplishments of previous research.

The consequence of FCIs seems to be not catastrophic as previously thought.

Results of previous research indicate that the conversion efficiency of steam

explosion is at most 3 percent even for the simulants, while only mild steam spike is

observed for the prototypic melts. In addition, previous studies indicate that the

amount of molten core, potentially available to interact with water, would be much

less than 100 percent of core mass. During the Three Mile Island accident only about

20 percent of the core was potentially available for ejection.

Yet, there are two FCI issues of safety concern to be resolved for PWRs. First one is

the structural loading to the PWR cavity with a deep water pool. The concern is of

possible damage to the cavity walls, RPV (Reactor Pressure Vessel) supports and to

containment penetrations. The second one is the structural loading of the lower head

due to water-onto-melt steam explosions in the new plant designs adopting IVR

strategy. Water melt steam explosions could potentially lead to a rapid failure of the

RPV weakened by molten pool in the lower head. The RPV failure mode has an

influence on melt ejection and spreading, and possibly an impact on coolability and

on the operation of a core-retention device.

2. Current Understanding of FCI issue and TROI Program

The FCI issue is like a big tree with many branches. We should attack the problem in

a structured manner not to lose the main track. Brief review on the current state of

the knowledge on the FCI is described, which lead to the discussions on the

necessity of TROI program.

Physics of the FCI phenomena: Typical FCI scenario leading to a steam explosion

consists of premixing, triggering, propagation and expansion phase. The knowledge

of the first two is required for the evaluation of the steam explosion probability, while

the knowledge of the last two is essential for an estimate of potential consequences.
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The phenomena involved during the premixing phase include physics of the jet

break-up, jet-to-droplet fragmentation and its kinetics, heat transfer and multiphase

hydrodynamic during mixing. The knowledge on these elements for the engineering

judgment is practically sufficient. The understanding of the triggering mechanisms is

still poor, but we can skip this stage for conservative modeling.

The likelihood of triggering is high at low pressures, but mixing is limited, so the

energetics of explosion, if it occurs, is also limited. At high pressures (above 1 MPa)

considerable mixing may occur, but likelihood of triggering is low. At intermediate

pressures, it is not well known. More experiments might be required at 0.2 MPa and

upward.

Material properties: Most of the experts agree that the physical properties of the

binary oxide melt seem to have a significant effect on the steam explosion

triggerability and explosivity. The state of knowledge of the relevant material

properties is still rather poor. The role of hydrogen augmentation or suppression in

the FCI need also be investigated further, as the excessive hydrogen genration was

observed in the FARO/KROTOS experiments using prototypic melts.

Impact of FCI on SAM: There can be two effective ways to minimize the likelihood

and severity of FCI, which would be (1) limiting the amount of water in the reactor

vessel lower head and reactor cavity and (2) maintaining high pressure in the reactor

vessel. Unfortunately, these two strategies are in conflict with other high priority goals

for SAM. t is certainly beneficial to depressurize the reactor vessel and to add water

to the reactor coolant system. As a consequence the accident management

strategies to prevent FCI are limited. Should it be possible to demonstrate that

energetic ex-vessel FCI can be positively excluded, there would be more accident

management options to obtain coolability of ex-vessel corium.

In addition, the biggest uncertainties exist for evaluation of the consequences, which

includes knowledge of amount of relocated corium, possible multiple explosions,

reality of the upward moving slug, vessel vulnerabilities and conversion efficiencies.

From these discussions, it became quite clear that the high priority and essential

research focus should be on the effect of material property on the conversion

efficiency of steam explosion. As we have poor knowledge on the triggering of

prototypic material, experimental investigation could be the only way to give insight to

this basic problem. As the reactor case deals several hundreds kg of corium, there

could be a basic question for the proper amount of material to be used. It should be



OGOO
big enough to represent typical FCI configurations in the reactor case and it should

be small enough to carry out the experiment practically.

KAERI (Korea Atomic Energy Research Institute) launched an experimental FCI

research program named as "Test for Real cOrium Interaction with water (TROI)"

under governmental long-term nuclear R&D plan since 1997. Using a similar

configuration as that of FITS (Mitchell 1981), we are looking into the multi-

dimensional FCI phenomena by using 5-20 kg of corium at low pressure. The object

of our experimental research on FCI is to resolve generic safety issue of ex-vessel

steam explosion for KNGR and to propose the appropriate SAM strategy. It would

also contribute to the understanding of the effect of the material property on the

conversion efficiency of steam explosion, which is the essential and high-priority

research topic for the FCI community.

The focus of the first series of tests is to find the conversion efficiency of corium

water interaction under various conditions including the fuel composition, jet

diameter, effect of submerged injection, and pressure. It would contribute to the

understanding of the resistance of corium to the steam explosion. In the next series

of tests, we plan to investigate detailed physics including mixing behavior of corium

for the analytical modeling. The construction of the test facility was completed and

the instrumentation and controls has been set up. We implemented a novel technique

of cold crucible for melting, which enabled us to control jet diameter and melt

composition.

This paper describes the test facility, instrumentation and control system, the cold

crucible technology, and results of the first FCI test using 8 kg of ZrO2. The first UO2

experiment is scheduled in the March 2001.

3. Test Facility

A schematic diagram of test facility is shown in Figure 1. The test facility consists of

a containment chamber including the upper vessel and lower vessel, a slide valve,

and a test section inside the containment chamber. The upper vessel contains

crucible and melt release assembly. A slide valve located between the lower and

upper chamber is used to isolate the upper and lower vessel. The test section is in a

multi-dimensional shape similar to that of FITS (Mitchell 1981).

Containment Chamber: The containment chamber is designed to endure the static

and dynamic load caused by postulated steam explosion. The static pressure is
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determined to be 2 MPa, which is obtained by multiplying the safety factor of three to

the conservative equilibrium pressure determined from the instantaneous mixing of

25 kg of corium with water. The dynamic impulse is determined from the TNT

equivalent method, where the explosive energy is based on the conservative

conversion efficiency of 3%, which was observed in the FCI experiments using

Alumina (Mitchell 1981). The dynamic pressure is assumed to be in Iriangular shape

with duration of 3 ms. The integrity of the containment chamber due to steam

explosion load was demonstrated by an analysis using ANSYS computer code (Cho,

2000). As the results of recent experiments (Huhtiniemi 1997, 1999) indicate that the

corium is much resistant to the steam explosion than Alumina, the procedure used in

the analysis of the structural loading provides proper safety margin.

Crucible and Melt Release Assembly: The cold crucible and melt release assembly,

which consists of plug, puncher, and air cylinders are mounted in the upper vessel of

the containment chamber.

Gas Sampling System: Gas samples are taken for chromatographic analysis using a

gas sampling system consisting of sample cylinders with manual valves at the inlet

and outlet of cylinders. The cylinders are placed between remotely operated solenoid

valves that control the capture of a gas sample.

The Cold Crucible Technology:

The theory and results of melting experiments using cold crucible used in this facility

is described in detail in Hong et. al. (2000). Here, brief description is provided.

The development of the melting and melt release technique for refractory materials

with high melting point is essential for FCI experiment. As it accompanies high

temperature representative of UO2/ZrO2 melting, the implementation of melting

technique encounters engineering problems. The selection of crucible materials is

restricted to the highly refractory metals such as Molybdenum (Melting Point: 2700

°C) and Tungsten(Melting point: 3400 °C). The crucible materials should have a

substantially higher melting temperature than that of corium and it should be

chemically stable. Unfortunately few materials have all these properties.

In KROTOS test (Huhtiniemi 1997, 1999), the use of graphite crucible caused

unexpected contamination due to chemical reactions. Furthermore, only the tungsten

was found to be suitable material for the melt crucible and puncher. Also,

sophisticated fabrication technique was required to machine the bottom membrane of
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the tungsten crucibles. In FARO test (Magallon, 1997, 1999), two copper electrodes

are inserted into the container of 950 mm in height and 700mm in diameter. The

distance between the ends of the electrodes is about 200 mm. About 800kg of

powder and partially granular mixture are loaded into the unit. Melted corium mass

does not exceed 160kg. It has low efficiency of less than 20%.

Another line of technique for the melting of highly refractory materials is the induction

skull melting method, originally developed by P. N. Lebedev Institute of the Academy

of Sciences of the USSR (Alenxandrov, 1973). It uses the cold crucible in which the

sintered shell is formed on the crucible wall and it becomes a self-container. As it

offers greater purity and flexibility when working with reactive materials, we chose

this method and implemented cold crucible technology for the melting and release of

corium for the first time in the world.

The cold crucible and release assembly consists of a crucible composed of coolant

tubes, plug at the bottom, and a puncher. The crucibles are divided into two

assemblies to provide a narrow electrically insulating space. Figure 2 shows a half of

the cold crucible. The melt is typically contained in a cold crucible with a palisade-like

wall consisting of water-cooled copper tubes. The sintered layer, which is naturally

formed along the inner surface of cold crucible, plays a crucial role in retaining the

molten material without direct contact. Inductive skull melting of oxides is basically a

direct inductive heating of an electrically conducting melt by an alternating

electromagnetic field. Heating is accomplished by ohm losses caused by eddy

currents induced in the melt. As the oxide powder is charged to the crucible initially, a

metal ring or graphite ring is used to initiate the melting process. Within a few

minutes, the initiator becomes oxidized and sufficient energy reaches the adjacent

powder to cause melting. As the powder near the initiator is being melted, the

increase in electrical conductivity accompanying phase transition to the molten oxide

induces a more efficient coupling between the magnetic flux and the materials.

Melt release assembly consists of the plug and puncher. The plug, which is

partitioned to maximize the penetration of magnetic flux to reduce the thickness of

crust, is located at the bottom of the crucible. After the plug is removed for melt

delivery, the conical-shaped puncher punches the crust formed at the bottom of melt

to initiate the melt discharge.

Instrumentation System:

Figure 3 shows the schematic diagram of instrumentation and measurements set up.
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Followings are discussions on the various instrumentation used in the test.

An optical two-color pyrometer measures the melt temperature in the furnace. The

pyrometer views the melt pool through a hole formed in the upper crust of the melt.

The hole in the upper crust is formed at the initial charging of the powder. The hole is

maintained naturally during the melting process. The temperature is recorded in the

data acquisition system. A number of K-type thermocouples measure temperatures

in the test section, containment chamber gas space, and in the inlet and exit cooling

line of the induction coil. Burn wires imbedded in the form of PCB (Printed Circuit

Board) measures the melt velocity.

Piezoelectric pressure transducers are mounted on the wall of the test section (PCB

piezotronics inc., model 112A, maximum pressure 69 Mpa, rise time 2 (j,s, and

resonant frequency 250 kHz) and the transducers on (PCB piezotronics inc., model

112A02, maximum pressure 6.9 Mpa, rise time 2 jxs, and resonant frequency 250

kHz ) the wall of lower vessel measure dynamic pressures during the melt water

interaction. (The locations of the pressure transducers and thermocouples are shown

in Figure 3). The static pressure transducer ( Druck model pmp4060, maximum

pressure 35 bar, response time 1KHz) measures the transient pressure inside the

test vessel and containment chamber.

VXI system (800kHz sampling/channel, 1 kHz/channel ) by Agilent Technology is

used to used for the data acquisition. The transient data are acquired at two different

frequencies of 100 Hz and 10 kHz by one control program.

The high-speed digital video imaging system (Phantom V 4.0, 512x512 pixels at

1000 fps) captures the pictures of explosive fuel coolant interaction. The trigger

circuit is used to start the recording at the time of melt entry, which is monitored from

the burn wire. CCD camera at 4 locations (two at the lower vessel, two at the upper

vessel) monitors the sequence of the events for the experiments. Two out of four

CCD cameras are connected to the video system for recording.

4. Results of experiment

4.1 Design Parameters of Cold Crucible and results of melting and delivery test

The size of the crucible was determined by considering the amount of melt and the

fact that the volume of material becomes 30 % of initial volume of powders being

charged, when the powders melt completely. The design parameters of cold crucible
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are described in Table 1.

The frequency of the generator was selected from the relationship among the

operational frequency, the electrical resistivity of material and the penetration depth,

which is about 10% of the diameter of the crucible. As there are few electric resitivity

data for corium (Abalin, 1995), the selected frequency might not be the optimum

value. The R.F generator power was determined by considering input power to the

cold crucible and heat loss from the crucible, which consists of the conduction heat

from the sintered layer to the coolant tubes and the radiation heat from melt surface

to atmosphere. The RF (Radio Frequency) generator with 150kW of 50kHz is

designed for the melting and release of 20 kg of corium for TROI.

Though the design parameters for the RF generator are optimized for the melting of

UO2/ZrO2 mixture, test for ZrO2 melting has been successfully performed. The ZrO2

release test has been performed in two sizes of crucible with the 150kW RF power

generator. In both cases about 60% of the initially charged mass is discharged

through the bottom hole.

Figure 4 shows picture of the melt release behavior for the preliminary TiO2 test

before ZrO2 test. Taking a picture for melt release for ZrO2 could not be done at the

initial discharge period due to the high luminance. The 7kg of ZrO2 melt was

released with small cold crucible and about 20kg with large cold crucible. It took

about one and half hour to get 7 to 20 kg of melted ZrO2 at about 3000 °C. Figure 5

shows the sintered layer formed between ZrO2 melt and crucible. The thickness of

the sintered layer is about 3 mm.

The crust is also formed at the lower part of the melt pool above the plug. This crust

plays an important role of insulating the pool of high temperature melt from the plug

and maintaining the integrity of the melt pool inside the crust layer. At the same time,

it should be thin enough to be broken easily by the puncher. We optimized the

thickness of the crust by used of partitioned plug. The partitioned plug for melt

release was much better than the solid plug in the aspect of repeatability of test..

4.2 Test Procedure

The test procedure described here was applied to the TROI-1 and TROk2 test. It is

to be improved further as the tests continue.
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1) Charge the crucible with ZrO2 powder. Insert the initiator of Zr ring in the middle. It
should be closely packed while maintaining a hole at the center to vent gases and
provide a view port for the pyrometer.

2) Assemble the crucible in the melt release assembly. Adjust the puncher and plug
movements.

3) Heat up the water in the test section up to 368 K.
4) Check the CCD camera and video recording system.
5) Check signals from thermocouples, and burn wires.
6) Check signals from static and dynamic pressure transducers
7) Check the high speed imaging system
8) Check the slide gate valve whether it closes within 0.3 seconds
9) Start melting of ZrO2 by turning on the power of RF generator while closing the
slide valve. Monitor the melting process and the temperature of the melts. Usually, it
took one hour to melt 8 kg of ZrO2 until it reaches 3000 K.

10) Check the data acquisition system and prepare for the delivery
11) Vent the containment chamber to maintain the atmospheric pressure
12) Open the slide gate valve
13) Turn off the power to the RF generator
14) Open the plug, activate puncher, and Close the slide gate valve. This procedure
can be made manually or automatically with appropriate time delay
15) Complete data acquisition

4.3 Results of experiments of TROI-1

In the TROH experiment, 8 kg of ZrO2 powder is used for melting. The temperature
of the molten ZrO2 is measured to be 3373 K, which is close to the upper the limit of
the optical pyrometer. The 5 kg of molten material is discharged. 2.8 kg of molten
material is accumulated on the top of the tongue of the sliding valve due to early
closing of the valve. Molten material of 2.2 kg in the form of jet was injected to the
water pool of the test section. The initial conditions and results of the TROI-1 test are
shown in Table 2. The pool water temperature was maintained very near the boiling
temperature to minimize unexpected steam explosion. The diameter of plug is about
80 mm, which would result in the melt jet at the same size.

A peak dynamic pressure of about 1.0 MPa is measured on the wall of the test
section, which indicates there was mild local steam explosion. While a much lower
peak dynamic of 0.06 MPa is observed on the wall of the test chamber due to
damping of the dynamic load in the air space. Figure 6 and 7 shows the dynamic
pressure measurements in a wide and narrow range respectively.
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Figure 8 shows the static pressure transient in the containment chamber during the
experiment. It reaches a peak pressure of 0.12 MPa, which is due to the steam
generation. The pressure transient in a narrow range is shown in Figure 9. Before the
pressure gradually increases by steam generation from the melt-water interaction,
small spike in the pressure transient is observed, which represents an occurrence of
dynamic pressure. The pressure inside the containment chamber is then decreasing
due to the condensation inside the chamber.

Figure 10 shows the wall temperature inside the containment chamber and Figure 11
shows the temperature inside the test vessel. After the melt water interaction, the
temperatures increase. The temperature at the upper wall (PTV003) is higher than
those (PTV001 and PTV002) at the lower wall. The temperature sensors (IVT101
and IVT 103) located in the gas space of test vessel show slight increase in the
temperature, while the sensors located in the water (IVT104) shows sudden increase
in the water temperature due to melt-water interaction.

The high-speed digital imaging system was not used for the first test to avoid
potential damage due to unexpected steam explosion. In stead, CCD cameras at 30
fps are used to visualize the event. Figure 12 shows the leading edge of melt being
interacted with water. As the melt is at very high temperature, neutral density filter
was used. It is shown that melt is being injected toward the center of the tank and the
shape of melt-water mixture is similar to the inverted cone.

The collected debris is shown in Figure 13. The total weight is about 2.2 kg. They can
be easily categorized into three groups. The first group consists of crispy pieces in
irregular shape. The length is about 5 to 15 cm and width is 3 to 5 cm. The thickness
of the piece is about 1 mm and is fragile. The total weight is 0.96 kg. The second
group consists of hard balls in dark colors at mean diameter between 0.5 and 2 cm.
The total weight is about 0.22 kg. The last group consists of small spherical particles
less than 5 mm. Also, particles in the form of powder are also found. The total weight
of third group is 1.02 kg.

It is highly probable that the dark hard balls are responsible for the local steam spike
observed in the experiment. The powder like particles and small particles smaller
than 5 mm are generated during the period of mixing and possibly mild explosion.
The thin irregular shaped debris seems to be part of expanded jet. When the melt jet
penetrates air, it is possible that they aitrain the air and the outer part of molten
metal jet could be stripped. The mechanism for the generation of first group of debris
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is not certain.

As the size of dark hard balls may depend on the jet diameter, the second test TROI-

2 was performed with the cold crucible with bigger discharge diameter of 120 mm.

The initial condition is almost same as that of TROI-1. The melt temperature is about

3250 K. Melt catcher was used in the test, which is located just beneath the slide

gate valve. The melt catcher is made of sintered ZrC>2, which is designed to catch the

melt and to release the captured melt at a delayed time when the bottom made of

wood burns completely. Unexpectedly, only 3 kg of melt is discharged to the water

pool in the test section and about 4 kg of melt is retained in the catcher.

It is interesting that the dynamic peak pressure is not observed in this test. The

debris can be easily categorized into three groups as was the case for TROI-1. It is

interesting that the size of the dark hard balls in the second group is much smaller

than TROH. As the second group seems to represent the size of pre-mixed fuels,

this might be responsible for this phenomenon. Further tests are ongoing and the

results will be available soon. The first UO2 experiment is scheduled in the March

2001.

5. Summary and Conclusion

Korea Atomic Energy Research Institute (KAERI) has been working on a

intermediate scale steam explosion experiment named "Test for Real cOrium

Interaction with water (TROI)" using reactor material to investigate the effect of

material composition. From the continuous efforts since 1997, the construction of test

facility for FCI test in a multi-dimensional geometry is completed and the

instrumentation and control system is set up and the cold crucible technology is

implemented for the melting of UO2/ZrC>2 mixture. Design parameters for the cold

crucible and RF generator were determined. By using the cold crucible and melt

release assembly developed in the TROI program, a melt generation and delivery

tests have been successfully completed by using 7 to 20 kg of ZrO2. Recently, a first

FCI experiment using ZKD2 was successfully performed and relevant transient data

are collected. From the results of test is observed that

- A peak dynamic pressure of about 1.0 MPa is measured on the wall of the test

section, which indicates there was mild local steam explosion.

- The collected debris was easily categorized into three groups. The first group

consists of irregular shape pieces. The length is about 5 to 15 cm and width is 3 to 5

cm. The thickness of the piece is about 1 mm and is fragile. The total weight is 0.96
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kg. The second group consists of hard balls in dark colors at mean diameter between

0.5 and 2 cm. The total weight is about 0.22 kg. The last group consists of small

spherical particles less than 5 mm. Also, particles in the form of powder are also

found. The total weight of third group is 1.02 kg. It is suggested that the dark hard

balls are responsible for the local steam spike observed in the experiment. The

powder like particles and small particles smaller than 5 mm seems to be during the

period of mixing and possibly mild explosion.
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Table 1. Crucible Dimension

Inner Diameter(mm)

Tube outer Diameter(mm)

Outer Diameter(mm)

Number of Tubes

Gap Size(mm)
Height
(mm)

Crucible
Dimension

Small

142

13.7

169.4

36

1.5

200

Large

218

13.7

245.4

54

1.5

350

Plug
Diameter

Small

83

Large

92 Tube Diameter(mm)

Number of Turns

Total Height(mm)

Inner Diameter(mm)

Outer Diameter(mm)

Work Coil

Small

16

8

160

245

277

Large

16

14

274

304

336

Table 2. Initial Condition and Results for TROI-1 Test

TROI test number

Melt

Test section

Pressure vessel

Results

composition

charged mass

temperature

initial jet diameter

free fall in gas

water mass
height

internal width

initial temperature

subcooling

initial pressure(air)

free volume

maximum PV pressurization

maximum PV heatup

steam explosion

dynamic pressure peak

total debris

debris in test section

particulated debris(<5mm)

Unit
UO2 [w/o

Z1O2 [w/o

[kg

[K
[mm

[m

[kg
[m

[mxm

[K

[K

[MPa

[m3

[MPa]

[K]
[YES/NO]

[MPa]

[kg]

[kg]

[kg]

1
0

100

8

3327

50

2.58

283
0.67

0.65x0.65

368.15

5

0.1

8.032

0.2

15

NO

1

2.2

2.2

1.02
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Figure 1 Schematic Diagram of TROI Test Facility
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Figure 2 Half of cold crucible Figure 3 Melt release Test Figure 4 Sintered Layer
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Figure 5 Locations and types of sensors in TROI Facility
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Figure 10 Temperature of Pressure Vessel Figure 11 Temperature in the test vessel
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Figure 12 Melt-Water Mixture shape during FCI
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Figure 13 Debris Configurations

(a. Irregular crispy pieces, b. Dark hard pebbles c. Small spheres, d: pebbles in TROI-2)


