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Abstract—Consider the propagation of pressure waves in emergency situations on the equipment of the circuit
for reactor VVER-1000. Here we discuss two situations: an instant rupture (10~%) in the main circulation
pipelines of the primary circuit with a double End Break (DEB) and instantaneous stop (10~%) of the main
circulating pump. The considered emergency situations are included in the list of different types of reports
necessary for VVER safety justification [1]. As a model for investigation we chose the 3™ unit of Kalinin NPP
(VVER-1000, model 320). All thermohydraulic and physics data for this are taken from the international
stander problem Kalinin-3 [2, 3]. The first analysis for those emergency situations was made in works [4, 5].
For the calculations, the code of improved evaluation ATHLET [6] was used, which is included in the AC2
software package, officially obtained by the national research Nuclear University of MEPhI on the basis of a
license agreement with Gesellschaft fur Anlagen-und Reaktorsicherheit (GRS) GmbH, Germany [7]. The
ATHLET code is certified in Russia for calculations of stationary and transient regimes at reactors with water
coolant [8].

We consider in detail the initial period of the accidents, because only at this stage we can observe the strongest
amplitude and frequency of pressure fluctuations on NPP elements, which can lead to significant dynamic
loads on the structural elements of these objects. This can be estimated either by: joint strength and hydrody-
namic calculations, or it is possible to use the results obtained in this work as boundary conditions for the cal-
culation of dynamic loads. The basic reason for the pressure waves in case of instant pump stop was the instant
stop of the MCP. But in the case of instant rupture in the pipelines of the first circuit, the main reason is the

instant boiling (superheated) of the coolant.
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1. A BRIEF DESCRIPTION
OF THE CALCULATION CODE

The thermohydraulic system code ATHLET
(Analysis of THermalhydraulics of LEaks and Transi-
tions) was originally intended for analysis of the entire
spectrum of the leak and transient analyses in PWR and
BWR reactors. However, experience with it has shown
that it can be successfully used to the full extent for Rus-
sian reactors such as VVER and RBMK. ATHLET con-
sists of several basic modules that allow to describe dif-
ferent phenomena in the behavior of thermal hydrau-
lic systems: thermal hydraulic module (TFD), heat
exchange and thermal conductivity module (HECU),
neutron-kinetic module (NEUKIN) to describe point
and one-dimensional kinetics, module to describe the
operation of the equipment (GCSM) and fully implic-
it module for numerical integration (FEBE). Also,

other independent modules can be connected via the
main interface. As all information about the program
ATHLET can be find in its manual [6], so its descrip-
tion will not be included here.

Quite widely used capabilities of the ATHLET
code for linking with various three-dimensional neu-
tron-physical programs in the calculation of the spa-
tial 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
[9—13].

2. THE DESIGN SCHEME
OF THE SIMULATED POWER PLANT

The design scheme of the plant simulation present-
ed below (Fig. 1) can be attributed to a group of

309



310

AMER, NIKONOV

HIM ale:t Upper block

Y i

gt m el n e

Mr—rrn—r—v—r—v—w d Main seal parts

‘ 1 Temperature templates
I

Shielding tubes block

Ji [ Outlet nozzle

@ <7 o ,/Spacer ring

Barel

Inlet vessel
f

‘; Reactor vessel
o Neutron templates

A

|___— Core basket

,./
] §\~ Fuel assembly
2

| Console

Fig. 1. To the upper left side there is a cross-section along the axis connecting leg. To the Bottom — the core partitioning scheme
by seven groups of parallel hydraulic channels (six peripheral ones and central one) — To the right Reactor of Unit 3, Kalinin NPP

‘cross-section of in-core area’.

schemes for the analysis of the behavior of reactors of
VVER-1000 type (model 320), which were developed
for the code of ATHLET. The detailed description of
the simulated power plant was included in [ 14].

In addition, the scheme of splitting the first circuit
of the first loop (Fig. 2) is presented, which is used as
an emergency loop when considering these transients.
The scheme of splitting the first loop of the first circuit
from the output (V-UP4) of the mixing chamber and
to the input (V-DCO0) of the reactor mixing chamber.

3. MAIN CHARACTERIZATIONS
OF THE MODEL

The calculation was carried out with point kinetics,
each of the seven selected reactor zones corresponded
to a heat-generating element with averaged energy, ob-
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tained from the experimental transient state of the
core of the standard problem Kalinin-3.

The value of the reactivity coefficients (Doppler,
boron, density and temperature for the heat-transfer
medium) correspond to the state of the core at the be-
ginning of the experiment, the Kalinin-3 (126 effec-
tive day).

Figure 3 shows the model of the first circuit of the
first loop, which is the same for other three circuits,
except for pump. Also, the model for all components
is the same in normal operation and emergency case,
except for pump. The hydraulic behavior of a pump in
the different states of operation is generally described
by empirically developed sets of curves relating pump
head and torque to the volumetric flow through the
pump and the angular speed of the pump impeller.
These curves are a four quadrant curves. Generally,
Ne 4
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Fig. 2. Nodalization scheme of rea

ctor objects in the primary circuit.
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Fig. 3. The scheme of splitting the first circuit of the first loop.

they are supplied by the pump manufacturer for both
the pump head and torque.

For each of the considered two emergency situa-
tions, will be mentioned the critical breakout models
in the code, which is used in these calculations.

3.1. Instant Stop of the MCP

For normal operation, single phase homologous
head curve and Single-phase homologous torque
curve are used. But for simulating the pump stop,
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Pump Model with Speed Control and Single-phase
homologous head curve are used.

3.2. LOCA

The BLASI block especially attached to the pro-
gram ATHLET, where a one-dimensional nonequi-
librium model is used. It is based on four conservation
equations (water mass, steam mass, total energy, and
total impulse) and allows to consider more detailed

nodalization of the leak site.
Ne 4
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Fig. 4. a) Reactor Power in first 0.5 sec after emergency situation due to Instant Stop of the MCP. b) Reactor Total Reactivity in
first 0.5 sec after emergency situation due to Instant Stop of the MCP.

4. RESULTS AND DISCUSSION

Starting with the reactor power, figure 4a and 4b
show within the first 0.5 sec after the emergency due to
MCP.1 stop, the reactor power and the reactor total
reactivity have the same behavior as a direct rapid de-
creasing.

In case of LOCA, figures 5a and 5b show the same
behavior for reactor power following its reactivity, but
with a peak of increasing before 0.1 sec.

Figure 6 shows that in case of MCP stops, the aver-
age coolant temperature in the core rapidly in the a
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0.5 second by more than 1 degree from 306.3 to 307.8.
While in the case of LOCA, the increasing in coolant

temperature in the core, which shown in Fig. 7, is
higher, i.e. from 306 to 313°C.

Considering the average fuel temperature, Fig. 8 il-
lustrates the decrease in fuel temperature within the
first 0.5 sec by 2°C, comparing to figure 8 which shows
the average fuel temperature in the case of LOCA by
decreasing about 4°C within the same period of time.

In order to get a physical explanation for the previ-
ous behavior of power, reactivity and temperatures, it
is necessary to follow the change in the coolant mass
Ne 4
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Fig. 5. a) Reactor Power in first 0.5 sec after emergency situation due to LOCA. b) Reactor Total Reactivity in first 0.5 sec after

emergency situation due LOCA.

flow rate into and out from the core. Hence, Figs. 10
and 11 show the coolant mass flow rate into the core in
the first 0.5 sec after the emergence due to instant stop
of the MCP.1 and LOCA respectively from the 4 cool-
ant loops. As expected, the decreasing rate is more
rapid in case of LOCA than int MCP.I stop from the
first loop.

Observing also the coolant mass flow rate out from
the core, Figs. 12 and 13 show it in case of MCP.1 stop
and LOCA respectively. Comparing the two cases, it is
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obviously that in the case of LOCA the effect is ex-
tended to include the other three loops specially the
fourth loop which is the closest — from the geometry
point of view — to the emergency loop.las shown be-
fore in Fig. 1.

Finally, it is important to consider the pressure dif-
ference as it is main parameter from the safety point of
view. Figure 14 and 15 illustrate the pressure difference
in the main components: reactor, core, MCP.1 and the
steam generator. As a first observation the behavior
change in a wavy way having ups and downs peaks. For
Ne 4
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Fig. 6. Average Coolant Temperature in core in first 0.5 sec after emergency situation due to Instant Stop of the MCP.1.
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Fig. 7. Average Coolant Temperature in core in first 0.5 sec after emergency situation due to LOCA.
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Fig. 8. Average Fuel Temperature in first 0.5 sec after emergency situation due to Instant Stop of the MCP.1.
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Fig. 9. Average Fuel Temperature in first 0.5 sec after emergency situation due to LOCA.
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Fig. 10. Coolant Mass Flow Rate into the core from the four loops in first 0.5 sec after emergency situation due to Instant Stop
of the MCP.1.

a second observation, the peaks are sharper in the case  frequency of pressure fluctuations on NPP elements,

of LOCA then in the case of MCP.1 instant stop. strongest amplitude and frequency of pressure can
lead to significant dynamic loads on the structural el-
5 CONCLUSION ements of these objects.
The details of the initial period of in the considered This can be estimated either by:
emergency situations shows a strongest amplitude and 1) Joint strength and hydrodynamic calculations, or
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Fig. 11. Coolant Mass Flow Rate into the core from the four loops in first 0.5 sec after emergency situation due to LOCA.
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Fig. 12. Coolant Mass Flow Rate out of the core to the four loops in first 0.5 sec after emergency situation due to Instant Stop of
the MCP.1.

2) It is possible to use the results obtained in this stronger in the case of LOCA than in the case of
work as boundary conditions for the calculation of dy- MCP.1 instant stop.

namic loads. . . ..
It is necessary to consider a similar process for the

Comparing the two cases, MCP.1 instant stop and  other MCPs specially the pump in 3™ circuit in which
LOCA, the changes in all parameters are sharper and the pressurizer connected. In the safety case, emer-
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Fig. 13. Coolant Mass Flow Rate out of the core to the four loops in first 0.5 sec after emergency situation due to Instant Stop of
the MCP.
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Fig. 15. Pressure Difference in Main Objects in first 0.5 sec after emergency situation due to LOCA.

gency situations are analyzed, which can also lead to
significant pressure fluctuations in the first stage, in
particular, these are accidents with instantaneous rup-
ture of the main circulation pipeline.

So, the next step in the direction of analyzing the

occurrence of pressure waves will be just the study of
such accidents at breaks in different parts of pipelines,
and MCP in the 3™ loop.
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PaccMmaTpuBaeTcs rpoiiecc 00pa3oBaHUs U pacIpOCTPaHEHUs BOJIH IaBJIeHUs B TEPBOM KOHTYpE peakTopa
BBBOP-1000 ripyt aBapuilHbIX CUTYaLUsIX. AHATU3UPYIOTCS IBE BO3MOXKHBIE aBaApUU: MTHOBEeHHBII (1074 ¢)
Pa3pbIB INIABHOTO HUPKYIsIMOoHHOTO Tpyboripoona (I'LIT) nmepBoro KoHTypa ¢ IBYXCTOPOHHUM HCTEYe-
HueM B paspbis (DEB) u mMrHosenHas (10~* ¢) octaHOBKa I1aBHOTO LMpKYyIsiunoHHoro Hacoca (TIIH).
PaccMaTpuBaeMbie aBapyy BKJIFOUEHBI B TIepeYeHb Pa3IMUYHbBIX BUIOB OTYETOB, HEOOXOIMMBIX IS 00OCHO-
BaHUs 6e3ommacHoctT BBOP [1]. B xauecTBe Momenu mist ncciaeqoBaHus BeIOpaH 3-ii 6ok KanmHuHCKOM
ADC (BBBP-1000, momenp 320). Bce HeoOxomuMble i1 pacYEeTHOTO MCCIIENOBAHUS JTaHHbIE B3SITHI U3
ONMCAaHMSI MEXIyHApPOTHOM cTaHmapTHOI mpobieMbl Kanununa-3 [2—3]. IlepBriii aHaaIM3 BHIIIE yKa3aH-
HBIX aBapMii ObUI cleilaH B padorax [4, 5]. JIJIsT pacyeTOB MCITOJIb30BAJICSI KO YIYYIICHHON OLIEHKU
ATHLET, KoTophlii BXOOUT B IIporpaMMHBIii TakeT AC2, oduiinaabHO moaydyeHHbINM HanmmonaabHBIM HC-
CJIeI0OBAaTeILCKUM siepHBIM yHUBepcutetoM “MHW®U” Ha ocHOBaHUU JIMLIEH3MOHHOTO COTJIAIIIEHUS C
kommanueit Gesellschaft fur Anlagen-und Reaktorsicherheit (GRS) GmbH, I'epmanus [6, 7]. Kong ATJIET
ceprudumposBaH B Poccuu 11 pacueToB CTallMOHAPHBIX U TIEPEXOIHBIX PEKMMOB Ha peakTopax C BOMISI-
HBIM TeIUIOHOCUTeeM [8].

B pabote paccmarpuBaeTcs Ha4aabHBIN IIEPHUO aBAPUiA, MOCKOJILKY TOJBKO Ha 3TOM 3Tare HaOIIoaaloTCs
MaKCHUMaJIbHbIe aMIUIMTYAbI ¥ YaCTOTHI KojieOaHUil gaBieHUsI B 00bekTax ADC, 4TO MOXET IIPUBECTU K
3HAYUTEJIbHBIM IMHAMUYECKUM Harpy3kaM Ha KOHCTPYKTHMBHbIE 3JIEMEHTBI 3TUX 00beKTOB. KonmyecTBeH-
HO TUHAMMYECKOe BO3NEHCTBME MOXKHO OLIEHUTH JIMOO C TTOMOIIBI0O COBMECTHBIX TIPOYHOCTHBIX M TUIPO-
IMHAMUYECKUX PacYeTOB, JIMOO MOKHO UCMOJIL30BaTh MOJYYEeHHbIC B JAaHHOI paboTe pe3ybTaThl B Kaue-
CTBE TPAHUYHBIX YCJIOBUI UIST pacueTa IMHAMWYeCKUX Harpy3oK. OCHOBHOI MPUYMHON BO3HMKHOBEHMS
BOJIH JIaBJICHUSI B ciiydae MrHOBeHHOI octaHoBKY ['LIH siBasieTcss MrHOBEeHHOE M3MEHEHNE CKOPOCTH MO0~
TOKa, a Tpy1 MrHOBeHHOM pa3priBe I'IIT mepBoro KoHTypa — BCKMITAHUE TIEPErPEeTOro TEMIOHOCUTEIIS.

Karoueswie caosa: BBOP-1000, aBapuiinbie cutyanuu, LOCA, MCP stop, Kanunun-3, ATHLET, nByxcrto-
pounee ucteyeHue (DEB)
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