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ABSTRACT

The first fission product release test VEGA-1 was conducted on September 9,

1999 in the Reactor Fuel Examination Facility (RFEF) of JAERI Tokai using two PWR

pellets at burnup of 47GWd/tU. The fuel pellet of about lOg without cladding tube

was heated up to 2500°C for lOmin in an inert helium atmosphere at O.lMPa, following

two other plateaus at 1727°C(20min) and 2027<C(20min). The release of radioactive

fission products was on-line measured by 4 gamma sensors watching at the fuel in a

furnace, at trapped aerosols in filters, at a condenser, and at noble gases in a charcoal

trap.

Gamma intensity of the fuel, which was dominated by Cs-134 and Cs-137,

started to decrease, when the furnace temperature started to rise to the first plateau of

1727°C from a conditioning stage at 1350°C. Following the decease, the intensity at

the filters, which was located about 2.5m downstream of the furnace following thermal

gradient tubes (TGTs) to collect the aerosols, started to increase. At about the same

time, the counting rate on Kr-85 at the charcoal trap at -60 °C started to rise.

Preliminary releases of Cs-134, Cs-137, and Ru-106, etc. were estimated from changes

of gamma-ray spectrum before/after the heating test. Total releases of the nuclides,

however, will be evaluated later, by comprehensive off-line measurement of the

apparatus, e.g. gamma scanning, leaching and gamma spectroscopy of pipes, the TGTs,

and the filters.

Development of thoria components in the VEGA furnace has been progressing

for the use in high temperature tests under oxidizing atmosphere. Three kinds of slip

casting techniques, i.e. centrifugal casting, drain casting and solid casting, were
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successfully applied to fabricate inner tubes, crucibles and caps, respectively.

Calcination of the thoria powder was conducted to optimize slip characteristics for

casting and sintering. Fabrication of test pieces has finished, expecting for two to four

sets of the components being ready for heating tests in year 2000.

1. Introduction

In order to evaluate consequence and influence of severe accidents (SAs) of

light water reactors (LWRs), amount, timing and chemical/physical forms of

radionuclide release (source terms) are needed be known under wide range of the

accident conditions. With the better understanding on the source terms, more accurate

probabilistic safety assessment (PSA) and more effective accident management (AM)

could be realized, which would improve safety and reliability of LWRs. Release

behavior of radioactive fission products and actinides from the over heated fuel under

the SA conditions gives primary source terms in the SA evaluations.

A new experimental program VEGA (Verification Experiments of

radionuclides Gas / Aerosol release)[l, 2] was initiated in Japan Atomic Energy

Research Institute (JAERI), in order to supply reliable source term data. A short fuel

specimen of 6cm long (max.) is induction heated under steam/hydrogen, air and/or

helium atmosphere up to 3,000°C. The test can be done under high pressure of up to

l.OMPa to see the influence of the system pressure on the release. In order to realize

the high temperature condition under chemically active steam conditions, development

of thorium oxide (thoria: TI1O2) components has been made as one of the key elements

of the project.

2. Test Conditions

The first test VEGA-1 was conducted September 9, 1999 at peak fuel

temperature of 2,500°C under inert helium atmosphere, using two PWR pellets at

burnup of 47GWd/tU. The de-cladded fuel pellet of about lOg was heated up to

2500°C for lOmin in an inert helium atmosphere at O.lMPa, following two other

plateaus at 1727°C(20min) and 2027°C(20min). Fission product inventories of the test

fuel estimated with ORIGEN2 code[3] are listed in Table 1. Isotopes of which gamma

rays are identified in the pre test gamma spectrometry are marked gray in the table.
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Table 1 Fission product Inventory In the PWR fuel at burnup of 47GWd/tU used in test

VEGA-1.

Nuclide

Vv-ZS
Sr-90
Tc-99

- — — ^
Pd-107

Te-125M
Sn-126
1-129

Inventory
mol I Bq

6.54E-05
1.01E-04

001133
|T07E43
3.08E-05

fzBlEQj

.2.18E-07
3.04E-09
3.03E-06
1.91E-05

Gs~127 ,' C0E4H

fl£££_j1.4-3E-t.2
Pm-146 2.90E-10

4.02E-03

3.S0E+07
4.07E+08
8.58E+04

Half life

33E+03J
1.1E+04
7.8E+07

rray
keV

ZHZM3

2.05E-07 ?, ?E<'2

Intensity
1/s

1.65E+05

2.0fcE-i-C7 c-S-04' £'2. 4.££E-~3
lL59¥^2T^4E+09J |

____ _^____ p. _ _ _ _ _ _ _ _
IIIZZZIIZZZZZjlliSl^EiS
1.42E-C"7

 1 ,JE~?3: 42?J ^.'SE-rGS
3.48E+06
5.50E+03
2.21 E+02

5.8E+01
3.7E+07
5.7E+09

109.27
87.57
39.58

9.59E+03
2.02E+03
1.66E+01

:-1:12E'+08: 7£E*t2: SCc" t.C9E+08

• 7.73E+08
9.58E+03

^22E+07^

2.38E+09

1.2E-02
2.0E+03

plll+oi3
747

LZZI^!

5..17E+08

3.54E+03

^ ^ ^ ^
7.41 E+08

* Inventory is calculated with ORIGEN2 code.

* Nuclides whose gamma rays were identified by the measurements are marked gray.

The radioactivity of the fuel was on-line measured by a pure Ge detector, which looked

to the furnace through a changeable collimator. The released radionuclides from the

fuel go through/or trapped at thermal gradient tubes (TGTs), filters, a condenser, a dryer

and a cold charcoal trap, as illustrated in Fig. 1. Temperature of the pipes were kept

750^ from the furnace to TGT inlet, then deceased linearly to ZOO'C in the TGTs.

The temperature of the filters to trap aerosols and pipes down steam was kept 200^ till

condenser which was O'C. The charcoal trap was kept at -60 to trap fission gas Kr.

Three sets of TGTs and filter packages are operated sequentially to separate the releases

from the three temperature plateaus, as illustrated in Fig. 2. The filters, condenser, and

charcoal trap were on-line measured by the gamma sensors.
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Fig. 1 Configuration of VEGA-1
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Fig. 2 Time histories of temperature, flow, pressure and H2/O2 concentration in test

VEGA-1.
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3. Test Results

Gamma intensity of the fuel, which was dominated by Cs-134 and Cs-137,

started to decrease, when the furnace temperature started to rise to the first plateau of

1727*0 from a conditioning stage at 1350*0 as shown in Fig. 3. Following the

decease, the intensity at the filters, which was located about 2.5m downstream of the

furnace and TGTs started to increase. At about the same time, the counting rate on

Kr-85 at the charcoal trap started to rise. Preliminary releases of Cs-134, Cs-137,

Ru-106, Ce-144, Sb-125, and Ag-llOm were estimated from changes of gamma-ray

spectrum before/after the heating test, as listed in Table 2. The releases are compared

with those obtained in test VI-3, which was conducted in ORNL under steam

atmosphere at a comparable temperature of 2,427*0 for 20min. The releases of Cs,

Sb and Ag are similar in the two tests. The release of Ru and Ce, though, shows a

large difference. The difference in the test atmosphere and/or cladded/uncladded test

fuel might have caused the difference. The gamma peaks from Ce-144, Sb-125 and

Ag-llOm, however, are so small that the preliminary release estimation for the nuclides

has larger uncertainties. Thus, the total releases of the nuclides will be re-evaluated

later, by comprehensive off-line measurement of the apparatus, e.g. gamma scanning,

leaching and gamma spectroscopy of pipes, the TGTs, and the filters.

Condenser Charcoal

Fuel Temp.

Fuel Gamma

Filter Gamma

Kr-85

Table 2 Preliminary releases in

test VEGA-1, assuming no Eu

release

14:00

Nuclide

Sb-125
Cs-134
Cs-137
Ru-106

(Rh-106)
Ce-144
(Pr-144)

Ag-110m

Eu-154

Tt-ay

keV

429
605
662
622
1051
696
2186
885
724
1275

Release
%

96
91
87
70
65
61
-

71

0
0

VI-3*
%

99.2
99.9

5

<0.2

84

<0.01

Fig. 3 Online gamma measurement results in VEGA-1.

2 0 5 -



JAERI-Conf 2000-015

4. Tioria Fabrication

In order to realize high temperature enough to melt UO2 fuel, development of

the furnace components, which stands for the high temperature up to 3,000X3 under

chemically active steam/air atmosphere, is essential. Development of tubes and

crucible of thorium dioxcide (ThO2) have been made for the use in the VEGA furnace.

Schematic configuration and thoria components needed in the furnace are illustrated in

Kg. 4. An inner tube of 385mm long, which separate the test atmosphere to the inert

susceptor atmosphere, a crucible, a cap, and a support of the crucible, were fabricated

for the use in preliminary heating tests. Centrifugal slip casting technique for the inner

tube, drain casting for the crucible, and solid casting for the cap are selected for the

fabrication after trial with the dry rubber press technique[4]. Outline of the fabrication

flow of the slip casting is illustrated in Fig. 5.

- Inner tube Unitimm

<t>32

«3.-B Crucible support
/
\
)t>14

"*

O O

160

Fig. 4 Schematic configuration of VEGA furnace and thoria components needed.

In order to optimize characteristics of the thoria powder for slip casting,

pre-heating process of the powder, which is called calcination, was taken at the first

stage of the fabrication. With the calcination of the powder, size of the primary

particle glows larger to improve the slip stability and castability. As is shown in Fig. 6,

the sintered density decreases as the calcination temperature becomes higher. Thus, it
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is important to optimize these characteristics of the powder by adjusting the calcination

temperature. In the test fabrication, calsination temperature of l,500°C was taken to

achieve sintered density larger than 9g/cm and specific surface of the powder about

Im2/g.

The powder was mixed with water and defloculant to be homogeneous slip.

The content of the thoria was adjusted to be 40vol.%, in order to have proper viscosity

for the casting. The cast components was, then, sintered at l,700-l,750°C under air

atmosphere to have densities about 9.4g/cm . Specifications and appearance of the

crucible are shown in Fig. 7. Heating tests using the test pieces are planned in July

2000 prior to the actual use in the fission product release tests.

Calcination Slip
Preparation

ThO2

Sintering

800-

_

-1600''c
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=30-
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-50vol
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B M . - . - _ . -. ™==steel rods

Plaster ;-,
Drain casting

1700

• . .. /

-
~1750°C

Solid casting

Fig. 5 Flow of thoria fabrication by slip casting techniques.

Fig. 6 Relation among

calcination temperature, sintered

density and specific surface of

thoria powder. SEM micrographs

of the powder show growth of the

primary particles.

Q.
W

Asrec
' withoi.

I-*---,

eived
[milling

K' ""I

Calcina
milled

X
ed and

S

\

y \

\
I

iiected

}l

. / • :

7 :/
CD

o

600 800 tOOO 1200 1400 1600 1800

Calcination Temperature (°C)

- 2 0 7 -



JAERI-Conf 2000-015

Slip thoria fraction

Outer diameter
Wall thickness
Length
Hole Diameter
Weight
Density

35vol. %
19.6mm
2.5mm
100.6mm
5.2mm
125.8g
9Ag/cwP

Withdrawn after
casting

-..Stainless
-steel rods

Plaster

Drain casting
Thoria crucible sintered

Fig. 7 Specification and appearance of thoria crucible made by slip casting.

5. Summary

The first heating test to investigate the fission product release behavior under

accident conditions, VEGA-1, was successfully conducted in Sep. 9, 1999. Two PWR

fuel pellet without the cladding tube was heated to 2,500 °C under inert helium

atmosphere at a pressure of O.lMPa. Considerable releases of Cs-137, Cs-134, Sb-125,

Ru-106, Ce-144, and Ag-llOm were preliminary evaluated from the pre/post gamma

spectrometry. The limited counting rates for the isotopes other than those of Cs,

however, made the uncertainty fairly large. Post test gamma scanning and quantitative

gamma measurement of the leached solution of the test apparatus are necessary to have

total release evaluation with a better accuracy. The second test, VEGA-2, will be

conducted at the identical test conditions except for the system pressure, i.e. IMPa in

test VEGA-2. The pressure effects on the releases are to be studied in the first two

VEGA tests.

Development of thoria component for the VEGA furnace has mostly completed.

The components made with slip casting techniques will be used for heating tests, prior

to the use in the actual VEGA tests under the oxidizing atmosphere at high

temperatures.
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