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B pabore moka3aHO BO3HHKHOBEHHE BOJH JABJICHHUA W MX PACIPOCTPaHEHHWE B 00OPYHOBAHUH
MEPBOro KOHTypa peakTopHoi ycraHOBKM BBOP-1000 mpu aBapuilHbIX CUTyalUsiX, CBSI3aHHBIX C
MTHOBEHHOW OCTaHOBKE [JIaBHOrO HMPKYJSIMOHHOTO HAcoca WM JIByXCTOPOHHEM HCTEUYCHHH
IPM MTHOBEHHOM JBYXCTOPOHHEM pa3pblBe B XOJOAHOW HHUTKE TJIABHOTO IHMPKYIALHOHHOTO
TpyOompoBoaa. lccienyercst BIMSHHE BpPEMEHHM HHHIMAIM3AIMKA aBapuH (OCTAHOBKM Hacoca,
pa3peiBa TpPyOONpOBOJAa) Ha MHTEHCHBHOCTH Ipollecca -aMIUIMTYIy, YacTOTy W3MEHEHHS
naBieHus. PaccMmarpuBaroTcs mepemaibl JaBI€HHS B IIpollecce aBapUHONM CHUTyallud Ha
OCHOBHBIX 3JIeMEHTaX KOHTypa. [loka3zaHO, YTO MakcUMalbHble W3MEHEHHS B aMIUIUTyIE H
94acToTe, KaKk caMoro JaBJICHUs, TaK U IEeperajoB JaBJICHUS Ha 3JIEMEHTaX KOHTypa OTHOCSTCA K
HauvanbHOM cTaguu aBapuu. OCHOBHOE BHHMMAaHHE HANpaBJIeHO Ha Tepenajabl JAaBJICHUA Ha
000pyIOBaHMH, T.K. HMEHHO J3TOT IIapaMeTp ONpejenseT AWHAMUYECKHE Harpy3kd Ha
000pyoBaHNEe, KOTOPbIE MOTYT IPHUBECTH K BBIXOILY €TO U3 CTPOSL.

Knrouesvie crnosa: BBOP-1000, Kanununckas ADC, pa3pbelB ¢ JBYXCTOPOHHUM HCTEUEHHEM,
aBapuu ¢ motepeit temoHocurens, I'IIH, MrHoBeHune, aBapuifHbIe CHTYaIlMH, BOJHBI JaBICHHS,
BpeMmst ToJTHOTO pacKphITHS CEYEeHHS TEUH.

Hoctynuna B penakuuto 09.11.2019
IMocne nopaborkm 13.12.2019
[Mpunsara k myomukanuu 25.12.2019

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
best estimate code «<ATHLET», developed by the society for reactor safety (Gesellschaft fiir
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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" 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].
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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,
102 10" 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.
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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-time gaps. For time gap ‘10" and 10™* second, the first peak is sharper than the same
in case of time gap ‘10>’ and 10" second. While for time gap ‘1’ second case, the
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
drop is recorded in the cases of the time gaps ‘10°° And ‘10 second followed by pressure

drops due to time gap = 107 then 10" seconds. The smoothest pressure drops was recorded
due to 1 second time gap.
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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" second. And finally, a wavy pressure drop with oscillations was recorded
due to the time gaps <107, “10-*, and 10" second too.
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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.
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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", 102,103, 10™ comparing with 1 second, and
2)0.3,0.5,0.7 and 1 second.
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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
conclusion which was included in work [4]: “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
in the case of MCP.1 instant stop”.

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 and 10, 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* second with a value of
(-9.98x10").

l
. 4 04 05 09__.1
“ . . . o i '_,'- )
& 2000000 : W’V\Q s e i
51 i
g )
S -4000000 ' :
s
S a
£ -6000000 g
2
!
A -8000000 ’
-10000000 '
Time (sec)
--------- 1E-4 - - -1E3 1E-2 — -+ 1E-1 1

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
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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", 10, 107, 10* 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.
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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"
second with a value = -9.34x10"° Pa.
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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 and 10 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.
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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 = 107 with
value = 6.81x10*°, 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.
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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.
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Table 1 — In Pump Stop Case

Maximum value for Pressure drops in

Reactor

Core
Pump

Steam Generator

Table 2 — In DEBLOCA Case

Maximum value for Pressure drops in

Reactor
Core
Pump

Steam Generator

Value (pressure
different in Pa)

4.81179x10*"
1.64560x10*"
5.63989x10*"
3.30584x 10"

Value (pressure different
in Pa)

3.81x10""
4.11x10*”
5.645x10*®
6.83x10"°

71

At time gap (in Second)

10

10*
Recorded for all time gaps

10

At time gap (in Second)

Recorded for all time gaps
10*
Recorded for all time gaps

10

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™ 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-loops ‘near the reactor’, the study of
such a break at the junction of the output ‘cold’ collector SG with cold 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.

Keyword: ATHLET, WWER-1000, Kalinin NPP, DBE, LOCA, MCP, moment, emergency
situations, pressure waves, time gap.
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