





























OCHOBHbIE BbIBOAbI

PaspaGoTtaHa komnnekcHas Mopenb  repMeTUYEcKUX nomMeLLeHuit
ApmsiHckoit ASC, koTopasi B MonHol Mmepe oTobpaxaeT npoLecchl,
npoTekatowwme B [T] B ycnoBusx Tsxernon asapuu. :
PaspaboTtaHHas Mopens “nossonsieT aHanuavposaTb aBapuiiHble U
NEpexoaHbIe PexuMbl CTaHLMKM, NMPOBOAUTL NMULEH3UPOBAHUE OTAENbHbIX
cuctem AS3C, a Takke MNPUHUMATL peLeHUs MO  AanbHeiilen
MoaepHusauum cuctem [T ASC.

lMpoBeneHo uccnenoBaHWe BHEAPEHWA  YCTAaBKM — aBTOMATMYECKOro
OTKMIOYEHUS CMPUHKIEPHON CUCTEMbI Ha MPOLIECCHI PACMpOCTpaHeHws,
TOpeHus BoAopoAa, WHepTusaumm Bosayxa [Tl u  adbdpekTMBHOCTL
PEKOMOMHATOPOB C yyeToM MpOoLECCOB B3aWMOAENCTBUSI pacnnasa C
6EeTOHOM LuaxThbl.

OGoCHOBaHO, YTO ynyulUEeHUe MNOTHOCTU FepMETUYECKUX MOMELLEHNI 1
yCTaHOBKa PEKOMOVHATOPOB 3HAYUTENBHO CHUXAIT PUCK BOCNIIAMEHEHMS
BOAOPOAa BO Bpems BHYTpUKOprycHon ¢asbl. OgHako ycTaHoBKa
PekoMbrHaTOpoB He peluaeT Npobnemy HakonneHns BOAOPOAa BO Bpems
BHEKOPMyCHOW hasbl, Tak kak KOHLEHTPaUWs KUCMOpoAa HeaocTaTouHa
Ans peakumMm pekoMmBbuHaLuu.

YCTaHOBMEHO, YTO BHEAPEHWE CUCTEMbI aBTOMATUUYECKOTO OTKIHOUEHUS
CMPUHKNEPHOW cCTeMbl 3cheKTUBHO NpensiTCTBYET ropeHnio Boaopoaa
ABYMS NyTAMW — OrpaHUYEHVEM MpUTOKa KUCIIopoda W MHepTM3aumen
Bo3ayxa [T] n3-3a HegoCTaTOUYHOM KOHAEHCALMM napa.

OBocHoBaHo, 4YTO BHEAPEHUE ycTaBku ahhEKTUBHO BANSIET Ha KOHTPONb
AaBMNeHVs B repMeTUYECKMX NOMELLIEHUSIXB A0MYCTUMbIX Npeaenax.
[okasaHo, 4TO BHeApeHWe yCTaBkW aBTOMATUYECKOrO OTKMIOYEHUS
CNPWHKNEPHOW CUCTEMbI NpUBEAET K CHUXEHWIo oblero BbiGpoca
PaauoOHYKNMAOB,  OAHAKO  KOMMYECTBO  paAMoaKTUBHOTO  1oaa,
BbIGPOLUEHHOTO B OKPYXKaIOLLYI0 CPeay, He3HAUYUTENbHO BO3pacTaeT u3-3a
nepuoanyecku paboTatoLen CnpuHKNepHON CUCTEMbI.
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ZmJhwlttku Ujpkpinh Znhwithujwi

QOEMN-440 Eukpquipinljh uyyphljipuyhtt hwdwupgh wjnndun
wgunniwi mqnkgnipiniip Swip Jpwpttph ptpwgph ypw

JLUoeNouapr

QQFE(}-440 ntwljinnpny URY-h twhiughdp dpwlyly E Jupuntbwulwb
plulwbitiphtt wyn wwphubphtt gnpdnn pnphpnuyhtt wpynitbwpbpuljwh
unpulipht, unwingupniubpht b jubnbiubphtt hudwywnuwupw: Lwwgsh
wifinuwignipjult  hujkguljupgp  twhpwnbumd  tp wowehtt  Yntunnipp
nuynukunbbph b whjnwhgnppubt hudwp Yuplnp hwdwlwupgbph pupdp
bniuwihnipjniip  pwhwgnpsuiwit  wdpnne  pupwgpnd, hiywhu  twl
Untubipjunpynpbt dkS bwpiugdughtt wuowp: Uyn wwwndwnny Juyuih
twhiwgsh whjnwignipjutt hhtbun]npuwl  pipwgpmd skhin nhwnwplyty
hwwnnil] hwpqupljukp, npnup hwpiyh thut wnimu wnwghtt Yniunniph qquih
Juuunidubpp:

QQFE}-440 htpukinhl upwhibpp mukh huwdbdwwnwpwp thopp Swjuy
(13000 3) L guwédp bwpiwugdughtt Supmd (0,2 UNw), pwith np npyhu
wpwykjugnytt  twhwugdught Jpwp phuwplynud £ 32dd wpudwgsng
wyunpywopp:  Lupdwt wdh  vwhiwbuhwluywi b oppwlu  dhpwuyp
nunhnwljinhy] wwppbph  whljunujupbih  wpnwibnndhg  untuwtbne
bhudwp twpwgsyk] thtt uwwyphulbpugyht hudwljupgp b wwownwwihy
thuljwbikpp. npnup pugynud ku pwph pupwugpnud:

2UE%-h  wwpuquynud  uwyphbljjipuyhtt  hudwlupgh  wofubpp
wlinhjuind ki wfinndunn hpyny, wnpwghti Yniunniphg wpunwhnuph
pwhikph nhypnd  (htputnhly wpwhikpmd Shpdwh wé, Supdwi fud
dwljupnuljh  tdugnud wpwghtt  §nbunniponud):  Uwlugbh  bwjbwufub
htinmwqnuinnipyniiibph ~ wpymiipubpp  gnig  wykght, np  wyundun
wipwin’iwi  htwpwynpnipjutt  puguljuynipymip  phpnid £ gnnpom
wipighwwn Ynunkiuwgdui, npp hp hipphtt tywunmd £ fupdwb wquuin
Uplininpuughthg gwdp U Jwpnn £ uwuwobwy hkpubnhy  upwhikph
wudpnnowljuinipjutip:

Uy  Juubgp JEpughlnt  hwdwp  wbhpwdtom L bbpplty
uyphulpipuyht hwdwljupgh unjundwn whgundwt htwpwinpmpeinibip,
nph hhutunpnudp wwhwigmu E wiwjhinhly inpugnyh dnintigndubph b
gnpshpuiph  Yhpwonwd, npniig Yhpwndwb thopdp nhn topp k Uy
htupwnpnipjutt tkpppmidp poyp Juw wjuqtguty htpdbnhly upwhibph
Juwudwl hujuwiwluwinipjniip dwhp Jpwpubph ghypmd b wynuyhuny
ujugkgih nunhnwlnhy nwppbph wpnwiubnnudp opgwlju thowuyp:
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Gilutn] yYLpnupjuyhg wpnhwlwi  juinhp E puobnd  UEY-h
wijunuwignpyut  nundbwuppmputn inhpp juwuws  hkpdinpy
upwhitph wupnnowljuiini pjurt htwn:

Uy ubgph (nsdwl hyunwlng wnbiwinunipjub Uk junnwpyky £
htpdtanhy upwhubpnid wbknh nibkgnn gopdpupwgibph puquuynnuuith
htwnwqnuinipniy, hush wpyniipnid dpwlyyk) £ QQEN-440 nkwljinnpny URY-h
htputnhly upwhitph hwdwhp dngh: Unphjh jhpundwdp junwpdby £ swbp
Jpwph Ytpmisnipinit b unwgduis wpnyniupbph hhtwb Jpu wnwgwpljty
ki Uh owipp wpnhwlwbugnidbp, npniig ukpypnudp poyp junw pupdpugily
URY-h  hnuwjhmpmip U hpwljwbwgik) pwnphnwlunhy wpnbdwh
wpquuppitph  wbnuyiwgdwi  hhdbwpup  $niljghwt  dwhp  Jpwph
dunlwibily:

Zpdhwujut kqpuijugnipjniukn

1. Upwlyt] t QQEN-440 nhwljunpny UEY-h hiputnhl upwhibph hwdwhp
ungk), npp {hwpdbp wpnwgnnud £ hEpdinhl upwhibpmd swbp ypwph
wuydwiulbpnud whnh nitukgnn gnpdplupwgbkpp:

2. Upwlyws unphp poyp £ wwjhu munidiwuppl] juywih Jpupuyghtt b
wigmuwjhtt phdpdutph pupwgpp, wyt Jwpnn t Yhpwndl; UEY-h
wnwbdhtt  hwdwlwpgbph  (hghiqunpiut b UEY-h  hhnwqu
wpphwwbwugdwb dwuhb npngnidibp jujughbint gnpdphipughbpnid:

3. Upwlywés unphjh  Yhpwodundp hbEnmwgnulp £ uwyphiytpught
hudwlupgh wjuniwn whgwndwi tkpppuwl wqpbkgmpniip gpusth
nwpwsdwb b pobljuwb gnpspupwgutph, hkputnhl upwhubkph ogh
hutprnugdwi b pkinuphttunnnpubph wpyniuyEnniejut Jpw  hwpiyh
wnwd hwjwsdph b hnpwth phiwnnih thnpjuwqnbhgnipeniin:

4. Zpdtuninpykyp k, np htpdbwnhl upwhiubph Jhuympjub pupbjujnudp b
NUL-h nmbknuppnudp qquh Wuqbgunud B gpusth pouljuwt Junwigp
ubphpwbughtt hoypul: Uwljugh MUNG-h nEnunpnudp sh nsnd 9pwstth
jnunwluwi  uunhpp wpnwhpwbughtt thoynd, pwbh np ppldwdth
nbghinpughwi punjuipuip sk nknuphtiughwh nbwlghugh hwdwp:

5. Zpdtuwynpyby E np uwppuljkpuyht hudwljupgh wjnnduwn wigundwh
ubkpypoudp - wpynibun]in jungpunninmd £ opusth ppuljdwiip kplnt dling -
ppYwdih utphnuph uwwhdwbwthwldundp b htpdbwnhl upwhibph onh
huiprnugdwdp gninpont ny pujwpup hnunkiuugdut yungdwnny:

6. Uwwgmgyt] k, np uyphuljbpuyhtt hwdwlupgh wjnndun wipwindwh
ipgpnudp poyp £ wwhu wwhbkp upnudp  htpdbnhly  upwhibpnud
poyuwnphijh vwhdwbbbpnud:

7. Uwuwgmgyk] k, np uyphulbpughtt hudwlwpgh wjnndwn wipwnniudp
pipnud £ nunhnwlnpy] mwpplph pinhwinip wpinwitbndwi bjuqdwuip,

23

rary of Armenia



uyphulipuyht  hwdwlupgh

uwluyt  wwpphpwpup  wphiunnn
wuwmgweny oppwlw vhgwjuypmid nwnhnwlnhy nnh pwhwlnipniip
whlipwh wgnmud k:

Hovhannes Albert Hovhannisyan

Impact of VVER-440 Spray System Automatic Shutdown on Processes of Severe
Accidents

SUMMARY

The design of NPP with a VVER-440 reactor was developed in the 1960s
according to the industrial norms, standards and rules acting at that time. Thus, safety
concept of the design assumed a high reliability of the primary circuit components and
systems significant for safety, and large conservative design margins. That is why
during the safety justification of the plant, special calculations taking into account the
significant damage of the primary circuit were not considered. i

Hermetic compartments of VVER-440 have a comparatively small volume
(13000 m®) and low design pressure (0.2 MPa), as the maximal design basis accident
was considered the 32mm break. To limit the pressure increase and prevent the
uncontrollable release into the environment during this type of break, spray system and
safety valves opening during the accident were designed.

In case of the ANPP, the spray pumps become active automatically if signs of
primary circuit leak exist (high pressure in the hermetic compartments, low level and
pressure in the primary circuit). However, the results of preliminary investigations
showed that the absence of the spray system automatic shutdown possibility leads to
continuous steam condensation, which contributes to the pressure decrease below the
atmospheric and may be a threat to the hermetic compartment integrity.

To remove this threat, it is necessary to implement setpoint for spray system
automatic shutdown, the justification of which requires application of modern analytical
approaches and instruments, applied rarely at present. Elimination of this deficit will
allow to decrease the risk of the hermetic compartment damage during severe accidents,
and by doing so, limit the release of radionuclides to environment.

Based on what was mentioned above, the NPP safety research related to the
integrity of hermetic compartments is an urgent problem.

To solve this problem a comprehensive analysis of the processes taking place
in hermetic compartments was performed, and a complex model of the hermetic
compartments of the NPP with a VVER-440 reactor was developed. Developed model
was used to investigate severe accident and based on the results list of modernizations
was suggested implementation of which will improve the safety level of NPP and will
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allow to carry out main function for localization of radioactive fission products during
severe accident.

Main conclusions.
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1

A complex model of the hermetic compartments of the NPP with a VVER-440
reactor that completely reflects the processes taking place in the hermetic
compartments during severe accident conditions has been developed.

By using the developed model, it is possible to analyze the plant accident and
transient modes, carry out licensing of individual systems, and make decisions
regarding the further modernization of the NPP.

By using the developed model of the HC, the influence of spray system
automatic shutdown setpoint on the processes of hydrogen distribution,
burning, HC air inertization and efficiency of recombiners considering the
molten core concrete interaction.

It has been substantiated that HC tightness improvement and installation of
recombiners significantly reduce the hydrogen deflagration risk during the in-
vessel phase. However, installation of recombiners does not resolve the
problem of hydrogen accumulation during the ex-vessel phase, as oxygen
concentration is insufficient for the recombination reaction.

It has been substantiated that implementation of the spray system automatic
shutdown setpoint effectively prevents the hydrogen burning in two ways — by
limiting the oxygen inflow and by HC air inertization because of insufficient
steam condensation.

It has been proved that implementation of spray system automatic shutdown
setpoint effectively controls the pressure in HC in the permissible range.

It has been proved that implementation of spray system automatic shutdown
setpoint leads to a decrease in the radionuclide release into the environment,
however the iodine release insignificantly rises due to the periodically
working spray system.
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