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ABSTRACT 
The results of the calculational study using the RELAP5/MOD3.2 thermalhydraulic code performed on the 

influence of the heat losses to the ambient and the heat accumulated in the pipelines walls upon the evolution of the 
thermalhydraulic processes in the primary circuit of the integral test facility ISB-WWER when simulating the transients 
caused by the loss of the coolant are presented in the paper. 

INTRODUCTION 
The complex of the experimental and calculational 

studies of the transients caused both by the equipment 
failure and the circuit elements depressurisation (in 
particular of the primary circuit) is being used for the 
substantiation of the safety of the NPP with the WWER-
1000 reactor. The experimental studies are being 
performed at the scaled mockups of the reference NPP – 
integral test facilities. The phenomena being studied are 
reproduced in these test facilities with the certain 
distortions though. The more precise modelling of the 
reference NPP is possible using the computer codes based 
on the mathematical models of the two phase flows 
utilising the numerous empirical correlations. These 
computer codes must be extensively validated using the 
data from the integral test facilities for that purpose. 

The present paper is devoted to the calculational 
study (using the RELAP5/MOD3.2 thermalhydraulic 
computer code) of the influence of the heat losses to the 
ambient and the heat accumulated by the pipelines walls 
upon the evolution of the thermalhydraulic processes in 
the primary circuit of the integral test facility ISB-WWER 
in the conditions of the accident process with loss of the 
coolant from the circulation circuit.  

When modelling the accident processes at the 
experimental test facilities the correct account for the heat 
losses to the ambient and accumulated heat is crucial. 
Both under- and overestimation of the influence of the 
above factors may lead to the significant distortion of the 
thermalhydraulic  

phenomena being reproduced which are 
characterising the accident process. 

1. TEST FACILITY DESCRIPTION 

 

FIGURE 1. ISB-WWER test facility configuration 



 

 

The ISB-WWER simulates the reference reactor 
WWER-1000 with a volumetric – power scale of 1:3000. 
All the elevations are kept 1:1. The primary circuit of the 
ISB-WWER consists of the two loops (intact and broken ) 
which are connected to the reactor model. These two 
loops are simulating four loops of the reference NPP with 
WWER-1000 reactor. The loops’ mass flow rates ratio is 
1:3. The reactor model consists of downcomer, the core 
simulator with the 19 fuel rod simulators (hereinafter, fuel 
rods) of the reference heated length, the by-pass section 
and the upper plenum. The facility is designed for 
operation at a maximum pressure of 20 MPa and a core 
simulator power of 1.8 MW. The configuration of the 
ISB-WWER test facility is shown in figure 1. 

2. THE DESCRIPTION OF THE TESTS  
The three tests conducted at the ISB-WWER test 

facility were chosen for the present study:  
– break (11%) from the upper plenum of the 

reactor model with the cooling water supply by the high 
pressure pumps of the emergency core cooling system 
(ECCS) into the hot leg of the broken loop (test 1, test 
timing 240 s); 

– break (11%) from the upper plenum of the 
reactor model with the cooling water supply by the high 
pressure pumps of the emergency core cooling system 
(ECCS) into the cold leg of the broken loop (test 2, test 
timing 1700 s); 

– break (17%) in the reactor model downcomer 
with the failure of the ECCS (test 3, test timing 240 s). 

All the tests were started at the nominal test facility 
parameters corresponding to those of the reference NPP 
with WWER-1000 reactor at the 100% power. 

The scenario of the tests comprised the SCRAM 
activation as well as the failures superposition: the main 
circulation pumps shutdown, the steam removal to the 
turbine cease.  

The analysis of the influence of the heat losses and 
accumulated heat upon the accident process evolution was 
performed using the results of the post-test calculations 
for the former two tests and using the results of the blind 
pretest calculations for the latter test. The different 
timings of the tests allow to study the influence of the heat 
losses to the ambient and accumulated heat in the different 
stages of the accident process.  

3. ANALYSIS OF THE INFLUENCE OF 
THE HEAT LOSSES AND 
ACCUMULATED HEAT 

In the course of the present study the following cases 
of the heat transfer from the coolant to the ambient were 
considered. 

Case 1 – absence of the metal wall between the 
coolant and the ambient which means, respectively, the 
absence of the heat accumulated by the walls as well as 

the absence of the heat transfer from the walls to the 
ambient. 

This case might be considered as an idealised 
approximation by the test facility of the reference NPP 
(where the heat losses to the ambient are negligibly low 
comparing to those in case of the ISB-WWER test facility 
and the relative thickness of the pipelines walls is much 
less than that for the ISB-WWER test facility). 

Case 2 – the metal wall between the coolant and the 
ambient is present. (The only influence considered is that 
of the heat accumulated by the metal wall. The heat 
transfer coefficient for the heat transfer to the ambient was 
supposed to be equal zero, i.e. the case of an ideal thermal 
insulation was considered). 

Case 3 – the metal wall between the coolant and the 
ambient is present. (Both the accumulated heat and the 
heat transfer to the ambient were accounted for. The heat 
transfer coefficient for the heat transfer to the ambient was 
supposed to be two times less than in the case of the real 
heat losses in the test facility circuit).  

Case 4 – the metal wall between the coolant and the 
ambient is present. (Both the accumulated heat and the 
heat transfer to the ambient – the heat losses in the test 
facility circuit are real were accounted for). 

The results of the parametric study of the integral 
influence of the heat losses and accumulated heat upon the 
evolution of the thermalhydraulic processes in the tests 
studied are presented below. 

It should be noted here that obtaining of the 
quantitative agreement between the experimental data and 
the calculated results had not been amongst the purposes 
of the present study. 

Test 1 
The primary pressure behaviour is presented in figure 2. 
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FIGURE 2. The primary pressure behaviour (Test 1) 

In the right upper section of the figure the primary 
pressure behaviour (experimental data) over the course of 
the accident process (240 s) is shown. In the lower section 
of the figure the curves for all the four cases over the 
characteristic time period 50-200 s are shown.  



 

 

The comparison of these curves shows that the 
primary pressure for case 1 (metal walls absence) is lower 
than that for other cases. 

Despite the relatively small discrepancies in the 
values of the integrated coolant mass flow rate through the 
break (figure 3), the difference between the fuel rod 
cladding heatup times is significant (figure 4). 
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FIGURE 3. The integrated coolant mass flow rate 

through the break behaviour (Test 1) 
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FIGURE 4. The fuel rod cladding temperature behaviour in 
the highest cross section of the fuel rod assembly (Test 1) 

The discrepancy between the two “adjacent” cases is 
~ 13 s and that between the two “extreme” cases is ~ 40 s. 
One can observe the following regularity: in the cases of 
the heat losses variation (cases 2, 3) the fuel rod cladding 
heatup occurs earlier than in the case of the real heat 
losses in the test facility; the latter, in turn, occurs earlier 
than in the ideal case of the absence of the metal walls and 
heat transfer to the ambient.  

Test 2 
Using this test as an example of the most 

characteristic test where in the different loops one may 

observe the different thermalhydraulic processes, consider 
the behaviour of the most representative parameters: 
primary and secondary pressures, integrated coolant mass 
flow rate through the break as well as the fuel rod 
cladding temperature.  

Many factors such as size and location of the break, 
location of the ECCS injection spot and the amount of the 
cooling water injected, design features of the pipelines 
and test facility circuit elements, presence of the metal 
walls (i.e. the certain amount of the heat accumulated by 
them) and heat losses to the ambient influence upon the 
thermalhydraulic processes evolution in the primary 
circuit of the test facility.  

That is why it is pretty difficult to classify and 
separate out the influence of the heat losses and 
accumulated heat as applied to the primary circuit.  

The primary pressure behaviour for the test 2 is 
presented in figure 5: in the right upper section of the figure 
the primary pressure behaviour (experimental data) over the 
course of the accident process (1700 s) is shown. In the 
lower section of the figure the curves for all the four cases 
over the characteristic time period 50-800 s are shown.  
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FIGURE 5. The primary pressure behaviour (Test 2) 

The comparison of these curves shows that the 
primary pressure, likewise in test 1, in case of metal walls 
absence is lower than that for other cases. 

However, the influence of the accumulated heat and the 
heat losses might be revealed relatively easier as applied to 
the secondary circuit. The secondary circuit design is simple 
comparing to those of the primary circuit. The list of the 
outer impacts is short (coolant circulation in the primary 
circuit which means, respectively, the heat transfer from the 
primary to the secondary through the steam generators (SG) 
heat exchanging tubes and vice versa, depending on the 
primary and secondary pressures correlations). 

Figure 6 shows the secondary pressure behaviour for 
the four cases being studied: in the lower section of the 
figure the secondary pressure behaviour is presented for the 
broken loop, in the upper section of the figure the secondary 
pressure behaviour is presented for the intact loop 
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FIGURE 6. The secondary pressure behaviour (Test 2) 

Unlike in the test 1, the ECCS cooling water injection 
into the cold leg in this test caused the different conditions 
of the coolant circulation in the loops. The partial broken 
loop seal clearing (emptying of the water) caused the 
natural circulation stagnation in the broken loop while the 
natural circulation in the intact loop continued.  

The secondary pressure behaviour in the broken loop 
for the case 1 is the “characteristic” (figure 6). In the 
conditions of the complete absence of the heat losses and 
accumulated heat the secondary pressure remained 
constant over the course of the accident process (1700 s). 
The intact loop secondary pressure tends to insignificantly 
decrease which is explained by the natural circulation 
continued in the primary circuit of the intact loop and the 
change in the direction of the heat transfer in the SG – 
from the secondary circuit to the primary. 

The secondary pressure behaviour for the case 2 is 
“characteristic” either. The increase in pressure in the 
beginning of the accident process was observed in the 
broken loop. That was caused by the heat transfer from 
the primary circuit to the secondary one as well as by the 
SG cut off from the feed water supply and steam release to 
the turbine. Further, at the moment natural circulation in 
the primary circuit had ceased and the heat flux direction 
had changed, the pressure decrease was observed (the 
pressure curve inflection). As the heat transfer from the 
primary circuit to the secondary sharply decreased, the 
relatively cold walls temperature support (by the heat 
transfer at the saturation temperature value) was governed 
by the secondary circuit heat. This fact explains the 
secondary pressure decrease immediately after the change 
in direction of the heat transfer in the SG. The area of the 
relatively cold walls influence is marked in the pressure 
curve of the figure 6. As the heat losses to the ambient for 

the case 2 were supposed to be equal zero the pressure 
remained constant over the rest of the accident process.  

In the intact loop (case 2) under the conditions of the 
absence of the heat losses to the ambient and heat removal 
from the primary circuit to the secondary circuit the secondary 
pressure decrease is observed, which could be explained by 
the influence of the heat removal from the secondary circuit 
because of the coolant circulation in the primary circuit 

The additional influence of the heat losses to the 
ambient is clearly seen in the character of the secondary 
pressure behaviour in the loops for the cases 3,4. For the 
case 3 the pressure decrease over the course of the 
accident process is equal to 0.6 MPa (broken loop) and 
1.3 MPa (intact loop) respectively. For the case 4 this 
value over the course of the accident process is equal to 
1.75 MPa (broken loop) and 1.65 MPa (intact loop) 
respectively. From the experimental data this value is 2.05 
MPa (broken and intact loops)  

The figure 7 presents the integrated coolant mass 
flow rate through the break behaviour in the test 2: in the 
lower section of the figure – over the whole timing of the 
process, in the upper section – over the characteristic time 
period 100 – 400 s. It can be seen from the figure (upper 
section) that the integrated coolant mass flow rate through 
the break for the case 1 less than that for the case 4. The 
maximum discrepancy of the integrated coolant mass flow 
rate through the break values is ~ 4 kg. This discrepancy 
is explained by the fact that in the conditions of the loss of 
the coolant from the reactor model upper plenum the 
upper sections of the test facility appeared to contain more 
vapour than the lower sections. Liquid was held in the 
middle section of the core simulator as well. This is 
caused by the absence of the accumulated heat in the 
case 1. The latter leads to the less intensive vapour 
generation in the lower sections of the test facility, i.e. 
those sections contain greater amount of the liquid. 
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FIGURE 7. The integrated coolant mass flow rate 
through the break behaviour (Test 2) 



 

 

Figure 8 presents the fuel rod cladding temperature 
behaviour in the middle cross section of the fuel rod 
assembly. The peak values of the fuel rod cladding 
temperature for the cases 2, 3 are higher than that for the 
case of the real heat losses (case 4). In the case 1 in the 
conditions of the walls absence, the fuel rod cladding 
temperature oscillations are caused by the primary 
pressure oscillations (the fuel rod cladding temperature 
follows the saturation temperature curve). This is caused 
by the fact that the lower and middle sections of the core 
simulator are appeared to be filled with the liquid to the 
greater extent. 
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FIGURE 8. The fuel rod cladding temperature behaviour 
in the middle cross section of the fuel rod assembly 

(Test 2) 

Test 3 
The results of the blind pretest calculation of the 

accident process with the break (17%) in the reactor 
model downcomer for the study of the influence of the 
heat losses and accumulated heat are of interest. This 
accident process might be placed among the most 
dangerous accidents with the loss of the coolant from the 
primary circuit.  

The figure 9 presents the primary and secondary 
pressures behaviour. It is seen that for the case 1 (absence 
of the walls) the pressure in the primary circuit decreases 
faster than for the case 4 (the heat losses in the test facility 
are real). Based on that fact one may consider that the 
accident process conditions would be worse, from the point 
of view of the ECCS low pressure activation initialisation. 

Figure 10 presents the integrated coolant mass flow 
rate through the break behaviour. In the time period 35 – 
150 s the values of the integrated coolant mass flow rate 
through the break for the case 1 are higher than those for 
the case 4. The maximum discrepancy between the values 
of the integrated coolant mass flow rate through the break 
for the cases 1 and 4 is ~ 6 kg. This is caused by the fact 

that during that time period for the case 1 (absence of the 
walls) the more liquid appears to be contained in the 
coolant expelling out of the break while for the case 4 – 
more vapour appears to be contained in the coolant. After 
the coolant mass inventory decrease in the primary circuit 
and the fuel rod cladding heatup occurrence (after 150th s) 
the situation changed. The lower sections of the test 
facility appeared to be filled with the vapour, the 
integrated coolant mass flow rate through the break for the 
case 4 appears to be greater than that for the case 1. 

-50 0 50 100 150 200 250
Time, s

0

4

8

12

16

Pr
es

su
re

, M
Pa

Legend

primary pressure (Case 4)
secondary pressure (Case 4)
primary pressure (Case 1)
secondary pressure (Case 1)

Test 3

Primary and secondary pressures
behaviour

interlock signal for
ECCS hydroaccumulators 
activation

interlock signal for
ECCS low pressure system 
activation

 

FIGURE 9. The primary and secondary pressures 
behaviour (Test 3) 
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FIGURE 10. The integrated coolant mass flow rate 
through the break behaviour (Test 3) 

That behaviour could be explained by the fact that the 
accumulated heat is being transferred to the liquid and 
favours its evaporation. In the case 1 the process of 
boiling is less intensive which favours keeping the greater 
amount of the liquid in the circuit, namely, in the core 
simulator and in the downcomer.  



 

 

Figure 11 presents the fuel rod cladding temperature 
behaviour in the lowest cross section of the fuel rod 
assembly. This picture is the good illustration to the thesis 
of influence of the accumulated heat upon the coolant 
mass redistribution in the different sections of the circuit. 

For the case 4 after 120th s the stable fuel rod 
cladding heatup occurs while for the case 1 the fuel rod 
cladding temperature follows the saturation temperature 
curve and there is no heatup. This fact serves as the 
indirect confirmation of the previous argumentation.  
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FIGURE 11. The fuel rod cladding temperature 

behaviour in the lowest cross section of the fuel rod 
assembly (Test 3) 

The opposite situation is observed in the highest cross 
section of the core simulator (figure 12). The onset of the 
stable fuel rod cladding heatup is observed to occur later 
for the case 1 than for the case 4. This is caused by the 
better coolant stratification in the test facility sections for 
the case 1. 
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FIGURE 12. The fuel rod cladding temperature 
behaviour in the highest cross section of the fuel rod 

assembly (Test 3) 

Summarising the analysis performed on the influence 
of the heat losses and accumulated heat upon the 
thermalhydraulic processes of the accident processes, one 
may note the fact that the primary pressure values in the 
case of the walls absence are generally lower than in other 
cases. This leads to the greater percentage of the vapour in 
the coolant expelling out of the break during the final 
stages of the accident processes. Not accounting for the 
accumulated heat leads to the decrease in the vapour 
generation in the coolant left in the test facility circuit, 
mostly in its lower section.  

The variation of the heat losses to the ambient as well 
as the presence/absence of the metal wall leads to the 
certain redistribution of the coolant mass in the circuit as 
well as between the circuit and the break pane (figures 3, 
7, 10). Besides, the influence of these factors upon the 
fuel rod cladding heatup was noted (figures 4, 8, 11, 12).  

CONCLUSIONS 
– The heat losses and accumulated heat may have 

significantly ambiguous influence upon the evolution of 
the thermalhydraulic processes; 

– Influence of the accumulated heat upon the 
evolution of the thermalhydraulic processes during the 
accidents for the test facility is significantly greater than 
the influence of the heat losses to the ambient during the 
relatively short accident processes. However, conducting 
the further studies is expedient for obtaining the 
quantitative characteristics; 

– The heat losses to the ambient variation as well 
as modelling of the absence/presence of the accumulated 
heat leads to the certain redistribution of the coolant mass 
in the primary circuit which significantly impacts the 
behaviour of the main parameters (pressure, fuel rod 
cladding temperature) characterising the accident process.  

– The results of the experimental studies from the 
test facility could not be directly utilised for the reference 
NPP without the calculation using the computer codes due 
to the different values of the heat losses and accumulated 
heat in the test facility and reference NPP. 
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