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ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɜɨɥɧ ɞɚɜɥɟɧɢɹ ɢ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ 
ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɪɟɚɤɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ȼȼɗɊ-1000 ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɦɝɧɨɜɟɧɧɨɣ ɨɫɬɚɧɨɜɤɟ Ƚɥɚɜɧɨɝɨ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ ɢɥɢ ɞɜɭɯɫɬɨɪɨɧɧɟɦ ɢɫɬɟɱɟɧɢɢ 
ɩɪɢ ɦɝɧɨɜɟɧɧɨɦ ɞɜɭɯɫɬɨɪɨɧɧɟɦ ɪɚɡɪɵɜɟ ɜ ɯɨɥɨɞɧɨɣ ɧɢɬɤɟ ɝɥɚɜɧɨɝɨ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ 
ɬɪɭɛɨɩɪɨɜɨɞɚ. ɂɫɫɥɟɞɭɟɬɫɹ ɜɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɚɜɚɪɢɢ (ɨɫɬɚɧɨɜɤɢ ɧɚɫɨɫɚ, 
ɪɚɡɪɵɜɚ ɬɪɭɛɨɩɪɨɜɨɞɚ) ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ -ɚɦɩɥɢɬɭɞɭ, ɱɚɫɬɨɬɭ ɢɡɦɟɧɟɧɢɹ 
ɞɚɜɥɟɧɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɟɪɟɩɚɞɵ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɧɚ 
ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɚɯ ɤɨɧɬɭɪɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɚɦɩɥɢɬɭɞɟ ɢ 
ɱɚɫɬɨɬɟ, ɤɚɤ ɫɚɦɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɩɟɪɟɩɚɞɨɜ ɞɚɜɥɟɧɢɹ ɧɚ ɷɥɟɦɟɧɬɚɯ ɤɨɧɬɭɪɚ ɨɬɧɨɫɹɬɫɹ ɤ 
ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɚɜɚɪɢɢ. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɩɟɪɟɩɚɞɵ ɞɚɜɥɟɧɢɹ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɢ, ɬ.ɤ. ɢɦɟɧɧɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɨɩɪɟɞɟɥɹɟɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɜɵɯɨɞɭ ɟɝɨ ɢɡ ɫɬɪɨɹ. 
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Introduction  

According to the guidance [1], a studying of the instantaneous emergency modes are 

included in the report on the safety justification of the NPP with a WWER reactor, which is 

presented in the set of documents justifying the application for a license for the construction 

or operation of the NPP. In works [2-4], a study for: the instantaneous stop of MCP in the first 

loop of the primary circuit (ten seconds of the real process are considered) and double-end 

break (DBE) in the cold leg (two seconds of the real process are considered), were done. In 

case of an accident emergency protection reactor (PR-1) only works on the 2nd signal. The 

fuel composition and kinetics of the reactor core was considered for the case of the end of the 

cycle. The produced pressure waves and their propagation in the equipment of the primary 

circuit of the installation are shown. Thus, in the present study, a different gap of time is 

considered for both emergency cases. The pressure differences were considered because it is 

the main consequences after LBLOCA in WWER-1000 reactor. And this change in pressure 

was observed with a strongest amplitude and frequency of pressure fluctuations on NPP 

elements during the first period after the emergency, which can lead to significant dynamic 

loads on the structural elements of these objects. The parameters of a typical reactor plant  

V-320 (WWER-1000) are used for the calculation, particularly, the 3rd unit of the Kalinin 

NPP. All initial data for the calculation were obtained from the materials of the international 

standard problem Kalinin-3 [5]. The calculations were carried out using the computational 

ЛОЬЭ ОЬЭТЦКЭО МШНО «ATHLET», НОЯОХШpОН Лв ЭСО ЬШМТОЭв ПШЫ ЫОКМЭШЫ ЬКПОЭв (GОЬОХХЬМСКПЭ ПüЫ 
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Anlagen-und Reaktorsicherheit-GRS) [6], Germany and certified in Russia for use in 

calculations to justify the safety of reactors with water coolant [7].   
 

About the Reactor modeling by code ATHLET 

As mention, the used NPP is the 3
rd

 unit of the Kalinin NPP which were modeled using 

code ATHLET including the 4 loops of the primary coolant circuit and the secondary circuit 

too. Figure 1 shows core nodalization and sectors in the core. The core was divided into 6 

parts with a central part. 4 of the six are directly connected to the coolant loops and the other 

two parts are connected with them using cross-connection considering the heat transfer 

between all. Figure 2 shows internal Structure and its nodalization using ATHLET input 

graphic.  

As all information about the program ATHLET can be find in its manual [6], so its 

description will not be included here.   

 Quite widely used capabilities of the ATHLET code for linking with various three-

dimensional neutron-physical programs in the calculation of the spatial distribution of energy 

release fields and the spatial distribution of the coolant parameters in the reactor core (up to 

the sub-cassette), an example are the works [8-12]. 
  

  
Figure 1 – Core nodalization and sectors in the core 

 

  
Figure 2 – Internal Structure and its nodalization 
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The point of the present research  

As mentioned in the conclusion of those works, the considered "instantaneous" period 

of time of initialization of an accident (pump stop or pipeline rupture) is not defined in the 

guidance. Thus, in the present study, a different gap of accident initialization time (10
-4

, 10
-3

, 

10
-2

, 10
-1

 and 1 second) are considered for two emergencies: 

1) Double End Large Break LOCA (DELBLOCA) at the reactor entrance in the first 

loop of the primary circuit (the considered location for break is shown in figure 3), 

2) Main Circulation Pump (MCP) in the first cooling loop stops.  

 

 

Figure 3 – The considered break location for the first case in the study 
 

Results and discussion  

1) Case 1: MCP stops: 

Figure 4 shows the pressure waves in the reactor from the side of emergence comparing 

the 5-ЭТЦО РКpЬ. FШЫ ЭТЦО РКp „10-3‟ КЧН „10-4‟ ЬОМШЧН, ЭСО ПТЫЬЭ pОКФ ТЬ ЬСКЫpОЫ ЭСКЧ ЭСО ЬКЦО 
ТЧ МКЬО ШП ЭТЦО РКp „10-2‟ КЧН „10-1‟ ЬОМШЧН. АСТХО ПШЫ ЭТЦО РКp „1‟ ЬОМШЧН МКЬО, ЭСО 
decreasing behavior on average is also noticed, but without the fluctuations which present in 

the other 4 cases.  
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Figure 4 – Changing the pressure difference at the reactor from the side of the emergency loop in the case of 

MCP stops 

 

Moreover, figure 5 shows the changing of the pressure drop at the core from the side of 

the emergency loop comparing the 5 considered time gaps. The sharpest peak of pressure 

НЫШp ТЬ ЫОМШЫНОН ТЧ ЭСО МКЬОЬ ШП ЭСО ЭТЦО РКpЬ „10-3‟ AЧН „10-4‟ ЬОМШЧН ПШХХШаОН Лв pЫОЬЬЮЫО 
drops due to time gap = 10

-2
 then 10

-1
 seconds. The smoothest pressure drops was recorded 

due to 1 second time gap. 

 

 
Figure 5 – Changing the pressure difference at the core from the side of the emergency loop in the case of MCP 

stops 

 

Furthermore, the pressure wave in MCP is shown in figure 6. Similarly, the smoothest 

drop is observed in the case of time gap = 1 second. Then, a one-down peak is noticed due to 

a time gap = 10
-1

 second. And finally, a wavy pressure drop with oscillations was recorded 

НЮО ЭШ ЭСО ЭТЦО РКpЬ „10-3‟, „10-
4, КЧН „10-2‟ ЬОМШЧН ЭШШ. 
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Figure 6 – Changing the pressure difference at the MCP in the emergency loop in the case of MCP stops 

 

The fourth main component here is the steam generator. Figure 7 illustrates the 

consequences pressure waves in the SG in the emergence loop due to the considered the  

5-time gaps. As well, the same response behavior like in the first three components is the 

recorded here.  

 

 
Figure 7 – Change of pressure difference on the SG from the side of the emergency loop in the case of 

MCP stops 

 

2) Case 2: DELBLOCA 

In the case of double end large break LOCA (DELBLOCA), two groups of time gaps 

are considered:  

1) 10
-1

, 10
-2

, 10
-3

, 10
-4

 comparing with 1 second, and 

2) 0.3, 0.5, 0.7 and 1 second. 

-1200000

-1000000

-800000

-600000

-400000

-200000

0

200000

400000

600000

-0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

P
re

ss
u

re
 d

if
fe

re
n

ce
  

"
P

a
"

 

Time (s) 

1 second 1E-1 second 1E-2 second 1E-3 second 1E-4 second

-600000

-500000

-400000

-300000

-200000

-100000

0

100000

200000

300000

400000

-0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

P
re

ss
u

re
 d

if
fe

re
n

ce
  

"
P

a
"

 

Time (s) 

1 second 1E-1 second 1E-2 second 1E-3 second 1E-4 second



    ɇȿɈɉɊȿȾȿɅȿɇɇɈɋɌɖ ȼ ɊȺɋɑȿɌȺɏ   67 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(34) 2020 

Considering the same time gaps in DELBLOCA case, the results show a completely 

different behavior for the pressure changing in case of 1 second than the others considered  

4-time gaps. This deference can be noticed for pressure drop at reactor, core, MCP and the 

steam generator which shown in figures 8, 10, 12 and 14 respectively. 

The other reason to include more time gaps in case of DELBLOCA is the general 

МШЧМХЮЬТШЧ аСТМС аКЬ ТЧМХЮНОН ТЧ аШЫФ Д4Ж: “Comparing the two cases, MCP.1 instant stop 

and LOCA, the changes in all parameters are sharper and stronger in the case of LOCA than 

ТЧ ЭСО МКЬО ШП MCP.1 ТЧЬЭКЧЭ ЬЭШp”.  

Starting with the most important component: the reactor, figure 8 shows the pressure 

waves because of the 5-time gaps which considered in the first case study (MCP stops). But, 

here due to the completely differed recorded response from 1 second time gap to the others, 

thus in figure 9 shown the pressure waves due to time gaps = 0.3, 0.5, 0.7 and 1 second. The 

manner / behavior in which the pressure changed in case of 1-second time gap is more similar 

to it in the case of 0.3, 0.5 and 0.7 than in the case of 10
-1

, 10
-2

, 10
-3

 and 10
-4

. There is no 

debate that the closest situation to the reality is 1 second time gap. Nevertheless, the 

maximum drop-peak is recorded in the case of time gap = 10
-4

 second with a value of  

(-9.9810
+6

).  
 

 
Figure 8 – Changing the pressure difference at the reactor from the side of the emergency loop (first group time 

gaps) in the case of DELBLOCA 
 

 
Figure 9 – Changing the pressure difference at the reactor from the side of the emergency loop (second 

group time gaps) in the case of DELBLOCA 
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The second main component is the reactor core. Also, the pressure waves due to the 

first-time gaps group (10
-1

, 10
-2

, 10
-3

, 10
-4

 and 1 second) are shown in figure 10, the for the 

second time gaps group (0.3, 0.5 ,0.7 and 1 second) are shown in figure 11.  

 

 
Figure 10: Change of pressure difference on the core from the side of the emergency loop (first group time 

gaps) in the case of DELBLOCA 

 

Moreover, like mentioned before even the closest case to reality is the case of time 

gap = 1 second, but again, here the maximum drop-peak is recorded for time gap =10
-4

 

second with a value = -9.3410
+5 

Pa. 

 

 
Figure 11 – Change of pressure difference on the core from the side of the emergency loop (second group 

time gaps) in the case of DELBLOCA 

 

The third main component is the main circulation pump (MCP) which in the emergency 

loop. Figure 12 illustrates the comparison between the pressure waves due to the first group of 

time gap, while in figure 13 shown the pressure waves due to the second group of time gaps 

as it was mentioned for reactor and core.  
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Figure 12 – Changing the pressure difference at the MCP in the emergency (first group time gaps) in the case 

of DELBLOCA 

 

The same likes for the reactor and core, here too for the MCP, the maximum drop-peak 

is presence in the case of time gap = 10
-4

 and 10
-3

 seconds. Moreover, the completely different 

pressure wave in the case of time gap = 1 second than the other first group time gaps, which is 

more likely to be compared with the second group time gaps as shown in figure 13. 

 

 

 
Figure 13 – Changing the pressure difference at the MCP in the emergency (second group time gaps) in the 

case of DELBLOCA 

 

 

The last main component is the steam generator which is in the emergency loop. The 

maximum pressure difference in the steam generator is recorded due to time gap = 10
-3

 with 

value = 6.8110
+6

, while -as expected- at time gap = 1 second the pressure different has a 

completely different manner than the others comparable time gaps in the same figure.  
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Figure 14 – Changing the pressure difference at the SG from the side of the emergency loop (first group 

time gaps) in the case of DELBLOCA 

 

Figure 15 shows the wave of the pressure different in SG due to the second group time 

gaps. The maximum value is presented in the case of time gap = 0.3 second with peak  

value = 1.53E+6. 

 

 
Figure 15 – Changing the pressure difference at the SG from the side of the emergency loop (second group 

time gaps) in the case of DELBLOCA 

 

Conclusion 

By change time gap, a different pressure behavior is presented. Also, word 

(Instantaneous) should be more defined during the study for nuclear reactor safety reports. 

Tables 1 and 2 include the maximum values for pressure for the main components (reactor, 

core, steam generator and MCP) which recorded and illustrate at which time gap were 

recorded.  

-1500000

-500000

500000

1500000

2500000

3500000

4500000

5500000

6500000

-0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

P
re

ss
u

re
 d

if
fe

re
n

ce
  

"
P

a
"

 

Time (sec) 

1E-4 1E-3 1E-2 1E-1 1

100000

300000

500000

700000

900000

1100000

1300000

1500000

-0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

P
re

ss
u

re
 d

if
fe

re
n

ce
  

"
P

a
"

 

Time (sec) 

0.3 0.5 0.7 1



    ɇȿɈɉɊȿȾȿɅȿɇɇɈɋɌɖ ȼ ɊȺɋɑȿɌȺɏ   71 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(34) 2020 

Table 1 – In Pump Stop Case 

Maximum value for Pressure drops in Value (pressure 

different in Pa)  

At time gap (in Second) 

Reactor 
4.8117910

+05
 

10
-4

 

Core 1.6456010
+05

 10
-4

 

Pump 5.6398910
+05

 Recorded for all time gaps 

Steam Generator 3.3058410
+05

 10
-4

 

 

Table 2 – In DEBLOCA Case 

Maximum value for Pressure drops in Value (pressure different 

in Pa) 

At time gap (in Second) 

Reactor 3.8110
+05

 Recorded for all time gaps 

Core 4.1110
+05

 10
-4

 

Pump 5.64510
+05

 Recorded for all time gaps 

Steam Generator 6.8310
+06

 10
-4

 

 

 

This means that, the choose of the time step in each case depends on which component 

will be considered.  

For example, in the Pump Stop Case: 

If it is important to check the effect on the Reactor, the worthiest situation will be 

shown if the considered time gap = 10
-4

 second, because in this time-gap, the maximum 

pressure drop was observed, and so-on.   

The essence of the work: not the influence of the calculation step on the process, but the 

influence of the "instantaneity" of the accident initialization process was Investigated. The 

calculation step is set automatically in the calculation program, based on the stability and 

convergence criteria of the solution during the process simulation. The guidance documents 

refer to an" instantaneous "pump stop or "instantaneous" break, but do not specify the 

duration of this "instant".  

The paper investigates the influence of uncertainty of the duration of the "instant" of the 

process of stopping the pump or breaking the pipeline on the intensity of the first few seconds 

of the accident. It is shown that the highest intensity of the process (the amplitude of pressure 

fluctuations) corresponds to the shortest time of the duration of the "moment". 

For future work, it is recommended to do the same analysis of similar breaks in the 

other cold legs (other three loops), in the hot legs of 4-ХШШpЬ „ЧОКЫ ЭСО ЫОКМЭШЫ‟, ЭСО ЬЭЮНв ШП 
ЬЮМС К ЛЫОКФ КЭ ЭСО УЮЧМЭТШЧ ШП ЭСО ШЮЭpЮЭ „МШХН‟ МШХХОМЭШЫ SG аТЭС МШХН leg for every loop.  
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Abstract – The paper shows the occurrence of pressure waves and their propagation in the 

equipment of the first circuit of the WWER-1000 reactor plant in emergency situations associated 

with an instantaneous stop of the Main circulation pump or a two-way flow with an instantaneous 

two-way break in the cold thread of the main circulation pipeline. The influence of the time of 

initialization of the accident (pump stop, pipeline rupture) on the intensity of the process-

amplitude, frequency of pressure changes is investigated. Pressure drops during an emergency on 

the main elements of the circuit are considered. It is shown that the maximum changes in the 

amplitude and frequency of both the pressure and the pressure drops on the circuit elements belong 

to the initial stage of the accident. The main attention is focused on the pressure drops on the 

equipment, because this parameter determines the dynamic loads on the equipment, which can lead 

to its failure. 
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