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ABSTRACT 
The objective of the Flash tests is to investigate the behaviour of 
a 0.3 m experimental fuel rod under a LOCA type sequence. 
The fuel rod is introduced in a water pressurized loop and after a 
pré-irradiation in normal PKR conditions,' the accident scenario is 
triggered by washing out. The cooling water and depressurization of 
the loop. Cladding temperature rises to 1J00°C in about l minute 
and the cladding bursts. Gazeous and volatils fission products re
lease is quantitatively analysed as well the reflooding water. Four 
tests are planned with différents fuel: rod internal pressure, par
tial water vapor pressure in the loop and reflooding conditions. 
Results of the first test are presented. 

RESUME 
Les expériences Flash ont pour but l'étude du comportement d'un 
crayon experimental de 0,3 m de longueur subissant une sequence ac
cidentelle de type LOCA. Le crayon est placé dans une boucle â eau 
pressurisée et après r.ne préirradiation dans les conditions repré
sentatives du fonctionnement d'un PWR, la séquence accidentelle 
est déclanchée par éjection de l'eau de la boucle et dépressurisa
tion de celle-ci. La température de la gaine atteint 1100°C en i 
minute et le crayon éclate. Les produits de fission gazeux et vola
tils relâchés sont analysés ainsi que ceux contenus dans l'eau 
de renoyage. Quatre essais sont programmés. Ils diffèrent par la 
pression interne d'hélium dans le crayon, la pression partielle de 
vapeur dans la boucle et les conditions de renoyage. Les résultats du 
premier essai sont présentés. 
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I - INTRODUCTION 
This experimental work is performed by the Metallurgy 

Department of the Grenoble Nuclear Research Centre within the scope 
of a research programme co-sponsored by the French Electricity Board 
(E.D.F.) and the Institut de Protection et de Sûreté Nucléaire. 

Its main objectives are to determine the quantity of fission 
products - in particular, volatile - released when a fuel pin subjec
ted to LOCA type accident sequence, bursts, and to evaluate the effect 
of flushing by the reflooding water. 

Four experiments are planned at present in the Siloe reactor, 
they differ with respect to : 
- the internal pressure of the pin 
- the nature of the gas phase surrounding the pin after drying out 

(helium, helium + rteam) 
- the time during whi.-h the pin is held under accident conditions 
- reflooding characteristics 

This paper describes the accident sequence planned and the 
experimental facilities and presents the results of the first test 
which took place in early 1980. 

II - BASIC TEST SEQUENCE 
The fuel pin is irradiated under normal PWR conditions at a 

pcwer of tho order of 35 to 40 KW.nr'for about 20 days in a water 
loop pressurized at 13 MPa. 

After this irradiation cycle, the fission products in the pin 
are quantitatively analysed by in-pile gamma scanning. 

This is followed by ré-irradiation for 4 to 5 days at nominal 
power, then the accident sequence is performed : 
- the neutron power is reduced between 5 and 8 KW m"1 

- the cooling water is partly or totally expelled and replaced by 
helium at a pressure preset between 2 and 4 MPa. This sequence 
lasts 8 seconds 

- the cladding temperature rises to a level between 800 and 1100'C, 
depending on the power and,the residual helium pressure in the 
loop. The time required for this sequence is between 60 and 90 s. 

- depending on the test planned, the fuel pin is kept under these 
conditions from 0 to 3600 s 

- the test is then brought to an end by scramming the reactor, in 
some cases after previous reflooding at elevated temperature. 

- the loop is transferred in less than 10 min. from the core to the 
gamma scanning location where the various fission products deposi
ted on the structures are quantitatively analysed and localized. 
The fission gases in the gaz phase are drawn off and analysed by 
gamma spectrometry and gaz chromatography 
Then, depending on the type of test, cold reflooding may tak̂ e place 
in order to dissolve and/or flush out a part of the existing 
fission products 

- after neutron radiography of the fuel, the pin is removed from the 
loop and transferred to the High Activity Laboratory for inspec
tion 

III - DESCRIPTION OF THE EXPERIMENTAL SET-UP 
III-l - Fuel pin (fig. 1) 

- geometry PWR, type 17 x 17 
Fuel stack lenght : 300 mm (27 pellets) 
U0* pellet : 95 * djh enriched at 5.08 % 2350 

outer diameter : 8.06 mm 
Cladding : zircaloy 4, diameter 8.20 x 9.40 mm 
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An about 90 mm long expansion volume at the upper end of the 
pin contains a spring to press down the fuel stack. 

Two alumina pellets are placed on either side of the column. 
The required helium pressure of 2 up to 4 MPa is reached in 

the pin before the tail-pipe is sealed. 
The thermocouple is attached to the outer cladding by spot-

welded bridge mountings. 
A pressure sensor to measure internal pressure must enable 

cladding failure to be detected in the two final tests. 
III-2 - EXPERIMENTAL DEVICE (fig. 2 ) 
The fuel pin is placed in a water loop operating as a coaxial 

thermosiphon. The loop is put inside a mobile water box equipped 
with selfpowered neutron deLectors that aie used to adjust the fis
sion power dissipated in the fuel pin. 

A system of 3 volumes interconnected with the loop through 
solenoid valves serves to produce the conditions of the accident 
sequence described -n chapter II : 

- evacuation of the water contained in the loop down to the bot
tom of the plunger tube 

- substitution of water by helium at 2 to 4 MPa 
- reinjection of water on the hot or cold pin 
- recovery of this reflooding water for analysis. 

IV - RESULTS OF TEST FLASH OI 
IV-1 - Test Parameters 

The purpose of this first irradiation was to trigger an 
accident sequence on a pin initially pressurized under 2.5 MPa of 
helium and pre-irradiated for about 25 days at 35 KW m~ . Figure 3 
gives the history of this pre-irradiation 

The parameters of the accident sequence were following : 
- residual power of the pin : 8 KWrn-

- complete evacuation of the water and final helium pressure in 
the loop 2 MPa. This final pressure, according to computations 
and previous calibration carried out on the mock-up, corres
ponds to a cladding temperature at equilibrium of about 1000 
to 1100°C 

- subsequent reflooding of the pin outside the flux by water at 
room temperature at a pressure of 0.6 MPa. 

IV-2 - Accident Sequence Procedure 
Drying cut of the pin was performed after adjusting power 

to the required value. 
Figure 4 shows the variation of power and pressure in 

the loop during this phase. The water is evacuated within 4 s ; 
helium depressurization ends 5 s later. 

At this time, due to faulty operation of one of the 
pressure sensors, the reactor shutdown was ordered by the loop 
safety mechanisms. 

Due to the lack of reactor power, it was obviously not 
possible to obtain the rise of temperature as planned in the sequence 

It v/as therefore decided to pursue the test using the 
rise in power of the reactor which started up 780 s after the rods 
dropped ; a power value of 8 KW m"1 was reached 1320 s later. 

Figure 5 shows the variation in cladding temperature 
during this phase. Normally, without this mishap, the cladding tem
perature should have reached 1000-1100'C in 60 to 90 s after 
deflooding of the pin. 
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The remainder of the test sequence was then carried out as planned : 
- gamma scanning of the loop 
- sampling and analysis of fission gases 
- cold reflooding and analysis of the reflooding water 
- inspection of the pin in the High Activity Laboratory 
V - MAIN RESULTS 

V-l - Fission gases released out of -he pin 
The gases contained in the loop (70 litres NPT of helium 

at 1.8 KPa), were sampled with the fission products analysis equi
pment. Flowrate during sampline was some 10 1/h. Seven samplings and 
analyses of fission products were performed during sweeping of the 
cell. 

The analyses show an unifoim concentration of radionuclides 
in the gases. Results are given in the following table : 

TABLE I 

8 5 m K r 8<* Kr 8 7 K r 1 3 3Xe=: 135 v Xe 
Gases contained in 70 
litres of He (atoms) 4.7.10" 5.8.10" 2.3.10" J.7.101* 1.2. 10'* 

Atoms generated in the 
pin ?t the reactor 
shutdown 

8.9.10" 1.55.10" 4.7.10" 7.4.101* 2.10 1 7 

Fraction released in 
flash 01 

5.3.101* 3.7.10* ŝ o-" S.3.10-- 6.1Û-* 

Fraction released in 
an unfailed pin irra
diated under identical 
conditions 

4.10-" 2.5.10^ 1.5.10-* 2.10- 5 3.lO"" 

L 

:: liotopz not in ladioactivt, e.quillb\iu.m 
For the various nuclides analysed, the fractions released 

are quite comparable with those corresponding to a fuel operating 
normally at 40 KW m- 1. Consequently, it appears that early in the 
fuel life, the accident sequence undergone (fuel temperature between 
1200 and 1400"C during 5 min) does not entail a significant emission 
of fission gases. At the time of failure, the internal pressure of 
the gas phase inside the pin can be evaluated at approximately 8 MPa. 
The expansion of this phase in the loop, itself at 1.8 MPa, will 
certainly not allow any rapid entry of steam inside the pin under the 
conditions of rupture described. Moreover, in this test, the partial 
water vapor pressure is practically zero. 

V-2 - Gamma scanning Analysis 
V-2.1 - IVipiÇtionolthlfeil 

V.2.1.I -before failure 
The concentration profiles of the various nuclides cor

respond to their generation. 
V-2.J.2 - After Che Accident Sequence 

There is still no visible trace of lengthwise migration at 
fuel level (see fig. 6 for '"*La and , , J I ) . On the other hand, iodine 
and tellurium deposits are visible on the spring in the plenum. The 
quantities deposited in relation to the quantities formed are of 
the order 1.5.1(Tk for M , I ;!l.6.10"' for ) 3 1 I and » 10"2 for , , 2Te. 



This deposition may be due to the evaporation of the volatile F.P. 
migrating to the cold plenum during the rise of the cladding tempe
rature. 

V-2.1.3 - Kadi «i images obtained Ay gamma scanning 
(fig. 7 and t) indxsate : 

- a radial shift of the fuel due to cracking and displacement of the 
pellets inside the cladding which has swollen. 

On the contrary, no fission products are detectable on the 
structures surrounding the pin. 

V-t.Z - !?4(?çç*4on_o£_±jte 4£Auç{u*e4 
Outride the fuel zone at about 10 cm above the pin, there 

are traces of solide fission products *?Zr and'''•La at the détec
tion limit of the measuring method. 

Slight traces of non volatile fission products '*Zr, '*Nb, 
, , 5Ru, were recovered in the 2 litres of water used to flush the 
loop. The corresponding concentrations represent 1 to 2.10 - 7 of the 
quantities formed in the fuel. Consequently these F.P. may be due 
to uranium contamination of the structures. 

On the contrary, contamination in volatile fission products 
showed significantly higher fractions released outside. 

Fraction releas ed in the flushing w.iter 
131X 5.7.10"5 

1 3 2 T e 6.7.10-6 
1 3 G C s 6.1.10-S 
1 3 7 C s 6.7.10-5 

1 4 0 B a 1.10-6 
These very low values explain why gamma scanning detected no 

deposition on the structures. 
V-3 - Post-irradiation examination 

V-3.1 - Vlàuqllni^zçt-iqn^ 

The pin has been considerably deformed and has swollen over 
all the height of the fuel stack (see V.3.2). The cladding has kept 
its metallic appearance at the cold ends. Black deposits are visi
ble, mainly located between the pellets at fuel stack level. 

Out of the five thermocouple bridge mountings spot-welded to 
the cladding, the two nearest the mid-plane of the fuel been torn 
off. The cladding in this area is very damaged and there is even 
a visible break in one mounting location. The fact there was no 
interruption in temperature recording (fig. 5) suggest that the 
thermocouple did not detach from the cladding until after the acci
dent sequence, and that the temperature diagram on figura 5 is in 
fact representative, 

V'3.2 - PiniiztmtqiuiimtntA 
Measurements of cladding diameter and deviations in 

straightness of the generatrices carried out through a run in dif
ferent pin planes, were used to establish the maximum deformations 
of the pin shown *n figures 9 and 10 : 
- The pin is bent with a deflection of 4.8 mm and distorted into 
an S-shape in the perpendicular plane 
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- swelling of Lie cladding ?s effective over the Vhole height of the 
fuel stack with a maximum of 18 % in the fuel mid-plane 

Variable deformations are evident at the level of the bridge 
mountit.gs (the mountings of the thermocouples will be changed in 
subsequent tests). 
CONCLUSION 

Although the normal procedure of the accident sequence was 
perturbed by the reactor shutdown and the behaviour cf the clad
ding affected by the thermocouple bridge moutings, this first test 
in the research programme on the behaviour of fuel pins subjected to 
a LOCA type accident sequence, leads to the following conclusion : 
- a duration of some 600s at a cladding temperature between 1000 and 
1100'C (mean fuel temperature above 1400 aC) in the absence of a 
high partial water vapour pressure, dc»s not entail a further 
release of fission gases out of the pin. 
- Under these same conditions, the release of volatile fission pro
ducts such as Te, I, Cs, and their deposition on the surrounding 
structures is not detectable 
- Cold reflooding of the pin, at a pressure of 0.6 MPa has no signi
ficant leaching effect on the fission products present in the pin. 

Subsequent tests in the research programme should permit an 
evaluation of the effect on the release of fission products in case' 
of a prolonged operation of the burst pin under accident conditions 
in the presence of steam and a reflooding of the hot pin. 
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