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1. Introduction 

A tendency of the researches is to study the conse-
quences of the accident with the coolant loss (LB 
LOCA- type accident) in WWER- type reactors. 

An obligatory requirement to a reactor at the ac-
cident with the coolant loss is to ensure the possibil-
ity to unload FA out of the reactor core after the ac-
cident. Therefore, it is so impor-
tant and so urgent to study the 
behaviour of claddings of the 
fuel rod (FR) of WWER during 
such an accident. 

The initial stage is re-
searched the least as it is char-
acterized by the high levels and 
velocities of temperature and 
pressure changes in the core. 
So it is quite hard to simulate 
the process. The scenario of 
the initial stage of the LOCA-
type (Figure 1) accident can be 
described in the following way. 
Within the first 10 minutes of 
the accident the fuel tempera-
ture decreases immediately 
and on the contrary the clad-
ding temperature rises sharply. 
Then within the first 7-8 sec-
onds they become equal (Fig-
ure 2). 

For example, the tempera-
tures are equalized in the range 
of 1050-1150˚C for the most 
heat intense FR (Q1 = 448 
W/cm). The water pressure falls 
sharply from 16 to 10 MPa within 
the first seconds and within the 
following 9-10 seconds it contin-
ues falling to 4-6 MPa. The pres-
sure of FR coating remains con-
stant and the moment comes 
when the cladding temperature 
becomes quite high and the he-
lium pressure exceeds the ex-
ternal pressure by 2-2.5 MPa in 
the cladding. Such a situation 
causes depressurization and 
swell of the claddings of the most 
heated FR on the second stage 
of the accident. 

As there is unevenness of energy release on 
the radius and height of the core, FRs have differ-
ent accumulated heat and level of the temperature 
of the fuel pellets. Therefore the maximum tem-
peratures of FR coatings will be different on the 
initial stage, so it is necessary to check experimen-
tally on which level FR claddings may be depres-
surized on the initial stage of the accident. 
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Figure 1. The temperature of FR claddings on the initial (first) and 

second stages of LB LOCA 
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Figure 2. The dependence of the cladding temperature and external and 

internal pressure on time on the initial stage of LB LOCA 
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2. Methods of the Test 

The test simulates the changes of the temperature 
and power parameters of the core on the initial 
stage of the accident on the heat physical facility 
heated by electricity. It incorporates many techni-
cal difficulties. First of all, it is difficult to implement 
high impulse loading of 100 kW/m. The tests car-
ried out in the different organizations, study only 

separate aspects of the behaviour of FR claddings 
on the initial stage of the accident, as it is difficult 
to take into consideration the whole complex of the 
effects over the FR cladding. It influences greatly 
the mechanical properties of the material of the 
claddings and the final results of the experiments. 

The authors have developed the method re-
searching the behaviour of single FR simulators 
under the conditions simulating the complex of pa-

Table 1. Parameters of the simulation on the initial stage of the accident 

№ Name of the parameter Maximum loaded FR Model FR 

1 Accumulated heat in the FR, [kJ] 160 160 

2 Initial pressure of the medium, [MPa] 16  14 

3 DT/dτ (heating cladding), [K/se] (100-150)  (100-150)  

4 DT/dτ (Cooling cladding), [K/se] -(80-120) -(50-80) 

5 Medium Water, steam. Argon, steam. 

6 The type of coating heating indirect Indirect 

7 Pressure drop at ∆P with T=Tmax, [MPa] 2-2.5 2-2.5  

8 Maximum temperature T (initial/T final), [˚C]: 
Fuel 
Cladding 

 
1700/1100 
350/1050 

 
1700/1100 
350/1050 

 
 
 

 
Figure 3. The functional scheme of the facility PARAMETER 
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rameters (Table 1) on the initial stage of the acci-
dent with the coolant loss. 

The method was to calculate the parameters of 
FR and of the experimental operative section, 
which should be simulated at the bench tests. 
They are accumulated heat in FR before the acci-
dent, the levels of the temperature achieved and 
the velocities and the way the claddings were 
heated on the initial stage of the accident, external 
pressure drop according to the 
law and the creation of the 
natural change of pressure at 
the maximum temperature, 
cooling rate of the coating and 
so on. 

 
 

3. Method of the Tests 

The research of FR behaviour 
on the initial stage of the acci-
dent were carried out on the 
test bench Parameter (Figure 
3) on the FR simulator WWER 
(Figure 4) with the experimental 
device (Figure 5) developed to 
carry out the tests at great 
pressure (up to 20.0 MPa).  

The construction of the ex-

perimental device allows carry out the tests of a 
single FR simulator of WWER with the length of 
the cladding up to ~1700 mm at the medium pres-
sure up to 16.0 MPa in the working medium at the 
temperature of FR cladding up to 1200˚C.  

The calculations showed that the simulation of 
the initial stage of the accident may be carried out 
according to the following scenario (the description is 
given for the maximum loaded FR–Q1=448 W/cm). 

  
Figure 4. FR simulator WWER Figure 5. The constructional scheme of the test facility 

T
em

pe
ra

tu
re

, о
С

Pr
es

su
re

, a
tm

os
ph

er
e 

, P
ow

er
, k

W

Time, s

0

500

1000

1500

2000

5 10 15 20 25 30

Te
m

pe
ra

tu
re

, C

-25

0

25

50

75

100

Д
ав

ле
ни

е,
 а
т.

 М
ощ

но
ст
ь,

 к
Вт

, П
ол

зу
че

ст
ь,

 м

- Тheat

Тclad
\

/
Т TC

- Р in FE
/

Р in exp. device

 
Figure 6. The results of the calculated analyze of the changes of the test 

parameters 
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At the beginning of the experiment the heater is sup-
plied with maximum power which is equal to the lin-
ear power 80-100 kW/m. Within the following 3-6 
seconds the voltage remains constant and the power 
falls along with the temperature rise due to the rise of 
the electrical resistance of the heater. After 3 sec-
onds of the test the temperature of the heater was 
approximately 1700-2050˚C and the temperature of 
the cladding was 350-400˚C (Figure 6). 

At this moment a new level of power is set ~4 
kW/m which brings it closer to the set law of the tem-
perature change of the cladding. After 8 seconds the 
temperature of the heater was decreased and it was 
~1200˚C after switching off the power. The tempera-
ture of the cladding rose up to 1000-1050˚C. The 
helium pressure inside the cladding was 3.0-3.5 MPa 
by the end of the 8th second (compared to the initial 
pressure of 2.0 PMa). The pressure of the experi-
mental device outside the FR cladding was 14 MPa 
on the first second, then the gas went out through 
the valve with 0.8 mm diameter hole. The change of 
pressure was 1.7 MPa on FR cladding and the tem-
perature of the cladding was ~900-950˚C. Beginning 
with the 9-th second the temperature of the cladding 
was decreased gradually (the velocity was ~15-20 
degree/sec without intense cooling). The change of 
pressure became higher. 

If the change of pressure and high temperature 
were both implemented (by the end of the 12-th 
second the change of pressure was 2.5 MPa and 
the temperature of the cladding was ~950-1000˚C 
and the cladding was depressurized, the test was 
either finished or continued to cool the cladding by 
water. 

4. Some Results of the Experimental 
Researches 

The method of the tests simulates stage by stage 
the initial stage of the accident (Table 2). 

The slide shows the results of the test of the 4-
th stage of this table. It shows the coating heating 
with the simultaneous external pressure drop out-
side the FR cladding. 

It is noted that the temperature of FR cladding 
was measured by W-Re thermocouples with 
opened and closed hot junctions. The thermocou-
ples and their hot junctions were fastened to the 
cladding by yokes of zirconium foil. The authors 
calculated some errors (differences between the 
cladding temperature and the junction temperature 
on the place where it is fastened to the cladding), 
which showed that this errors for the thermocou-
ples with the closed junction are much greater (up 
to 300 degrees) than the error for the thermocou-
ples with the opened hot junction, which is 20 de-
grees.  

Figure 7 shows the results of the heating of the 
cladding and pressure drop. 

FR cooling was simulated either by the system 
of the upper jet cooling with water or by argon 
cooling with the consumption of 50-60 degree/s at 
the accidental extinguishing at the initial stage of 
the accident. It may be noted that the FR cladding 
is cooled faster 500-1000 degrees in a second and 
it is cooled much slower 15-20 degrees in a sec-
ond on its heated part. 

Figure 8 shows the results of the tests of the 
sixth stage.  

By present the scientists have carried out some 

Table 2. Stages and regimes of single FR tests simulating the initial stage of the accident 

Parameters  № 
stage 

Name of the stage 

Pintern.,
 

[MPa] 

Pextern.,
 

[MPa] 

Time of 
a stage, 

[s] 

T T of heating,  
 

[˚C] 

Velocity of 
heating, 

[degree/s] 

Medium 
(FR/ 

coolant) 

1 Impulse warming-up of the 
heater 

0 0 2.8 - 20-2200 600-800 Ar 

2 External pressure drop 0 16-0.3 8-10 - - - He/Ar 

3 Cladding heating 0 0 8-10 20-1100 20-2200-1100 80-150 He/Ar 

4 Cladding heating at the 
change of pressure set 
before 

1.5-2.5 0.3 8-10 20-1100 20-2200-1100 80-150 He/steam

5 Intense cooling of the 
cladding 

0.2-0.3 0.4-0.6 10-12 850-1100 1700-2200 -(80-120) Ar/steam

6 Test using simultaneously all 
the regimes 

2-3 13-0.3 20-22 20-1100-600 20-2200-800 (80-150) 
-(80-120) 

Ar/steam
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methodic experiments simulat-
ing the initial stage of the acci-
dent with the coolant loss in the 
experimental device with a sin-
gle FR loaded maximally with 
energy release. It was deter-
mined that the FR claddings 
became swollen and depres-
surized after these tests. 

The fact that the claddings 
are ballooned and depressur-
ized within 2-3 seconds while 
simulating the first stage of the 
accident LB LOCA testifies that 
the most loaded FR claddings 
may be damaged at the tem-
perature of the cladding ~900-
1000˚C at the initial stage of the 
accident in the reactor core. The 
shot of the videotape shows the 
appearance of the claddings 
after tests on the Figure 9. 

 
 

5. Conclusions 

1. The calculation and experi-
mental method has been 
developed to calculate and 
to research the possibility of 
simulating the main parame-
ters of the initial stage of the 
accident of LB LOCA-type 
for WWER reactor on the 
experimental facility Pa-
rameter. They are velocities 
and the way of heating of 
FR claddings, the levels of 
cladding temperatures, the 
rate of the external pressure 
drop and the creation of the 
natural change of pressure 
on the claddings at the 
maximum temperature. 

2. The series of experimental 
tests of FR simulators of 
WWER was carried out on 
the initial stage of LB LOCA. 
They resulted and a poten-
tial possibility of the balloon-
ing and the depressurization 
of maximally heated FRs 
even on this stage of the 
accident. The results of 
these tests allow study structural changes of 
FR materials and to enlarge the knowledge 
about deformation and possible depressuriza-
tion of FR claddings.  

3. To study more carefully the problems of the 
ballooning and a possible depressurization on 

the initial stage of the accident it is necessary to 
continue the researches and to develop the 
scenarios of this accident for FRs with the dif-
ferent energy release level and to test the initial 
stage of LB LOCA on the experimental facility 
and under reactor conditions. 
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Figure 7. The results of the experiment of fourth stage 
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Figure 8. Experimental and calculation results of the sixth stage  

 

 
Figure 9. The appearance of a part of the cladding of FR simulator after 

the tests 


