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EAGLE Project: Experimental Study for Advanced Safety of Fast Reactors

- Progress on the out-of-pile experiments and results of the melt discharge
experiment — |
(Joint research document)

Kenji Kamiyama®, Shigenobu Kubo** and Ikken Sato*

Abstract

The objective of the EAGLE project is to confirm a possible scenario in the postulated
core disruptive accident of sodium cooled fast reactors, in which the molten fuel
discharging from the core region in the early stage of the accident with its inherent
mechanisms would prevent energetic re-criticalities. In order to obtain necessary
experimental data, in-pile and out-of-pile experiments utilizing facilities of National
Nuclear Center in the Republic of Kazakhstan were planed and are currently carried out.
This document reports progress and results of the out-of-pile experiments which consist of

a part of the EAGLE program.

In the out-of-pile program so far, a series of experiments has been carried out aiming at
establishment of basic necessary technology which consists of melting of the
fuel-simulating material using the induction heating, transferring it into the test section
and measuring the related phenomena during the experiments. Following knowledge

and results have been obtained so far:

Using uranium dioxide and alumina as candidate materials for fuel simulant, basic
experimental technology has been established, and fundamental data of molten
material discharge were obtained under the condition without sodium.

With uranium dioxid-e,, certain efforts, such as providing carbonized metal coating on
the crucible inner surface, have been made to prevent chemical reaction between
uranium dioxide and the graphite crucible so as to obtain molten uranium dioxide
without a great deal of unfavorable impurities'which prevent reasonable simulation
of the real fuel behavior. It was concluded, however, that present techniques did not
allow molten uranium dioxide with sufficient grade. |

- Alumina, which has well-known thermophysical properties, was evaluated to have
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adequate characteristics in terms of simulating real molten fuel behavior. Through
implementation of the experiments, it was confirmed that molten alumina with
sufficient purity and characteristics could be generated and then transferred into the
test section.

The experimén_t using alumina without sodium showed that molten alumina melted
the steel duct, which simulated the boundary of the fuel escape paths in the core, and
major part of the molten alumina discharged rapidly into the space below simulating

the lower sodium plenum of the fast reactors.

In the future EAGLE out-of-pile experiments, into which sodium will be introduced,
alumina will be used as the fuel simulating material and effects of heat transfer between
melt and sodium on melt diséharging behavior will be studied. Outcomes from these
experiments will be utilized in a best harmonization with those from the in-pile tests and

will provide an experimental database to support elimination of energetic re-criticalities.

* Nuclear System Safety Research Group, Advanced Technology Division, O-arai Engineering
Center, JNC

** Ditto, delegated from the Japan Atomic Power Company Co., Ltd.

This document includes information based on the joint study “Experimental Study Utilizing IGR to
Advance the Safety of Fast Reactors Core” with the Japan Atomic Power Company Co., Ltd..
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1- heat exchanger; 2- electromagnetic furnace; 3- shutter; 4- valve Dc15; 5- ED upper vessel; 6- lower
trap; 7- ED lower vessel; 8- expansion tank; 9- shut off valve; 10- damper tank; 11- damper tank pipeline;
12- expansion tank pipeline; 13- buffer tank; 14- flowmeter Dc100; 15- buffer tank pipeline; 16-discharging
duct flowmeter; 17- transporting tank
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1- Channel of infrared sensor; 2- Heat exchanger; 3- Water-cooled channel; 4- Copper
lid; 5- Current input; 6- Crucible lid; 7- Crucible; 8- Crucible plug; 8- Vessel; 10- Inductor;
11- Catching of plug; 12- Copper bottom; 13- Plug destruction mechanism; 14- Shutter;
15- Movable thermocouple. 16- Experimental cassette, 17- Heat resistant liner.
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1-Inner duct upper part shielding; 2-Crucible; 3-Inner duct upper part;

4-Trap vessel; 5- Thermocouple installation places; 6-Lower part of
the inner duct; 7-Electric heater.
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1- lid; 2- vessel; 3- heater; 4- trap; 5- perforated sheet; 6- grid N1; 7- grid NO8; 8- grid
NO5; 9- filling (zirconium oxide); 10- connecting pipe for thermocouple; 11- seal; 12-
medium discharge; 13- discharge hole plug; 14- connecting pipe for thermocouple;
15- graphite cloth; 16- window of buffer duct setting; 17- connecting pipe of inert
gases supply; 18- seal of the hole for discharge duct; 19- connecting pipe for
thermocouple; 20- impulse pressure sensor
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1- thimble; 2- heat insulation; 3- graphite crucible; 4- cassette;
5- thermowell; 6- hermetic connector;
7- crucible plug destruction mechanism; 8- heat exchanger projection.
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1-flange; 2-asbestos cloth; 3-welded bolt; 4-graphite felt;
5-zirconium dioxide powder; 6-crucible; 7-trap vessel;
8-upper section of the discharge duct; 9-electric heater
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