CIIMCOK JIMTEPATYPBI

1. Kpymenvnuyxui B. H. O6nacti npuMeHEHUsI peaKTOPHBIX YCTAHOBOK MaJIO MOIIHOCTH. B KHUre «ATOMHBIE
CTaHIIMM MaJjlOil MOIIHOCTH: HOBOE HallpaBjieHHE pa3BUTHA sHepreTuk»: T.2 / mon pexn. Axag. PAH
A.A. CapkucoBa.— M.: Akanem — [Ipunr. C. 18-22.

2. Zhukov V. V., Pugachev R. V., Nyaware B. O. Energy complexes consisting of hydro and nuclear power
plants with low power reactors. The international Ural conference on Green Energy. 4-6 Octover,
Chelyabinsk, 2018. pp. 132-139.

3. Kacunose B. @., /[yoonun A. A., T'ocnoduenxoé M. B. DPOEKTHBHOCTD HCIIONB30BAHMSA ITapOTra30BOM
TexHooruu B 3HEeprodioke ADC ¢ saepusiM peakropoM CBBP-100. Tenmosnepereruka, 2015, Ne 5. C.14-20

4. )Kyxos B. B., Oseukun A.B. IlepcriekTHBHBIE JHEPreTHYECKHE SHEPTOKOMIUICKCH C MapOra30BBIMHU
TEXHOJIOTHSIMU ¥ aTOMHBIMH 3JIEKTPOCTAHIMAMU C SCPHBIMU PEaKTOpaMu Majioi MouHocTH. BectHuk MO,
Ne6, 2019.— C.30-38.

Development of Projects of Power Complexes with Nuclear Power Plants Based on Low-Power
Nuclear Reactors and Combined-Cycle Technologies

Zhukov V.V, Shumilov A.V.2

National Research Institute “MPEI”, Moscow, Russia
le-mail: zhukovw@mpei.ru
Za-mail: alex7454199@mail.ru

Abstract — An algorithm for creating projects of the electrical part of power complexes has been
developed. Variants of the formation of an energy complex with combined-cycle gas technology in the
ASMM power unit and power complexes of electrically connected GTU, CCGT and ASMM are
presented. Power complexes include a modular reactor SVBR-100 with a liquid metal coolant — lead-
bismuth alloy with a capacity of 100 MW, power units with gas turbine units with a capacity of 70 MW
each and a combined-cycle gas plant of 200 MW. As a result of the project implementation, the
parameters and types of the main and switching electrical equipment of the power complex (generators,
transformers, switches) were determined, variants of power output schemes and schemes of own needs of
power units were proposed. The possibility of creating promising power complexes with combined-cycle
gas technologies and nuclear power plants with low-power nuclear reactors is substantiated.

Key words: combined power supply systems, nuclear reactor units, gas-turbine installations, combined
cycle installations, short circuit, electrical equipment, electric schemes, auxiliaries.
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MOJEPHM3AIIUS YCTPOMCTBA JIOKAJIM3AIIMU PACILJIABA JJ151
PEAKTOPHOM YCTAHOBKH BBAP-1200

Ko63es M.B., Cmoinn A.1O.

Boneodouckuil undicenepno-mexnudeckutl uncmumym — gunuan Hayuonanwnoco ucciedo8amenbcko2o 10ephoco
yuueepcumema « MUDHy, 2. Boneodonck, Pocmosckas 06.a., Poccus

s aBapuii ¢ pa3pylIeHHeM aKTHBHOM 30HBI C MPOIUIABICHHEM THHINA peakTopa B mpoekte PY BBDOP-
1200 mpemycMOTpEeHO YCTpOHCTBO Jokanu3anuu paciuiaa (YJIP). [Ins oxjaxkaeHus paciuiaBa Kopuyma B
coctaB YJIP BXoauT cuctema mojaud OXJIQXKAAIOIIEH BOJIBI, KOTOpas cpadaThIBaeT 3a CUET OTKPBHITHS
KJIallaHa MoJadu BoAbl. J[aHHBIN KJalmaH MMEET AOCTaTOYHO CIOXKHYK U METAUIOEMKYI0 KOHCTPYKIIHIO,
JUISL KOTOPOH CYIIECTBYET BEpOATHOCTh OTKa3a. B pabore paccmarpuBaercs moaepHusauust YJIP 3a cuer
NW3MEHEHMs] KOHCTPYKLMM KJlalnaHa NOoAa4yd BOJbl Ha Ooyiee HAJEXKHYI0O M MEHee MeraioeMkylo. Ha
OCHOBaHHMM BXOJHBIX JaHHBIX CIIPOCKTHPOBAaHA HOBAas KOHCTPYKIMs KiamaHa W pa3paborana pabouyas
KOHCTPYKTOPCKasi JOKyMEHTaIUs JUIsi M3rOTOBJIICHUS 00opynoBanus. J{ns npoBepku paboTocnocoOHOCTH
KJIamaHa pazpaboTaHa MmporpaMma U METOIUKA MPHEMO-CAATOYHBIX HCITBITaHHH.
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Kniouesvie cnosa: BBOP, ycTpoiicTBo noKkanu3aluy paciuliaBa, JIOBYIIKA pacljaBa, 3allpOeKTHas aBapus,
KOpHYM.

YCTpOHCTBO JIOKaIM3alMK paciulaBa sBJsETCs 00OpYJOBAaHUEM JUIsl JIOKAJIU3alMM aBapuu B
cinyyae 3arnpoektHod aBapuu (3[1A) c pacrnaBieHHeM aKTHUBHOM 30HBI, CIYXKUT JUIsl MpUEMa U
OXJIAX/IEHUS KOpUyMa M HE JONYCKaeT BBbIXOJ pPAJUOAKTUBHBIX MAaTepHajoB 3a IMpeaesbl
repmoobosniouku. [lannas aBapus sBnsercsa HauOosee onacHOU it ADC, MOCKOJIBKY HapyliaeTcs
LIEJIOCTHOCTh BCEX YeThIPEX OapbepoB 0€30IaCHOCTH, M BBIXOJl HAPYXKY PaAMOaKTUBHBIX BEILIECTB
COCTABJISIET 3HAYUTEIBHYIO ONACHOCTH Ul IEPCOHANAa U HaceneHus. YJIP mo3BossieT macCuBHO
coOpaTh BeCh KOPUYM B OJHOM MeCT€ U IPOU3BOAMUTH €ro OXJAXKICHUE U OTHOCUTEIbHYIO
nesaktuBauuio. B YJIP nmpemycMoTpeHa cuctema oOxjdaxaeHus KopuyMma. JlaHHas cucrema
OPUHIUNHMAIBHO OTJIMYAeTCd OT MMEIOUIMXCS CUCTEM OXJaXIeHWs. B ee cocraB He BXOIAT
TEIIOOOMEHHUKU M TPYOOIPOBOJIBI, KaK 3TO MPUHATO s OonmbmmHcTBA cucteM Ha ADC. Bona
[OJaeTcs HamnpsMyl Ha paciulaB, HarpeBaeTcs, HUcHapsercs MpU JaBJIEHUH, OJIM3KOM K
aTMOC(epHOMY, M TIap BMECTE€ C IPUHSATOW TEIUIOTOH OTBOAMTCS OT KOpHyMa MO CIEHUAIbHBIM
napornpoBogaM. TakuMm oOpa3oM, JUIsi OpraHM3allud OXJAXICHHs Kopuyma He Tpelyercs
yCTaHaBIMBaTh HAcOoChl. B cocTaB CHCTEMbl OXJIaXACHHUS BXOAAT KiamaH I0Jayd BOAbI U
TpyOOMIpPOBO/IbI 0 Hero. JlaHHBII KiIanaH HMeeT psiji HeAoCcTaTkoB (puc. 1):

1) KOHCTPYKIIMOHHO OH MMeEET 2 MPYKUHBI, PACIHOIAralolIuecss Ha OJHON OCH, 4TO KpaiHe
HEXKEJIATeIbHO C TOYKM 3PEHUsl NMPOEKTUPOBAHMS, TaK KaK CIOXKHO C OOJbLIOW TOYHOCTBIO
IpeJicKa3aTh UX MOBEIEHUE MPU JAHHOM pa3MEIEHUY;

2) B KauecTBe pabovero MexaHu3Ma [IPUMEHEHBI [IPYKHUHBI, IIPH TOM YTO HX O0CITY)KHBaHHE HE
IpeyCMAaTPUBAETCSl MPOEKTOM M IPU JJIUTENIBHOM cxaTtuu (B nepcrnektuBe no 100 ner)
BEPOSTHOCTb UX cpabaThIBaHMsI CHU)KAETCsl BBUY Jie(popMaliuy MeTalia;

3) Hammuue GroporutacToBbIX MpokiIaaok. [Ipu Temneparypax nopsaka 200-300°C ¢roporutact
HauMHAaeT ropeTh, a TeMIeparypa cpabdarbiBaHus KianaHa coctaBiseT 500-600°C, uto MoxeT
BbI3BATh «IIPUKUIIAHUE)» MAaTEPUAJIOB UJIU IOCPOYHOE cpabaThIBaHUE KIAlaHa;

4) CHOXHOCTH M OOJBIIIAsS METAUIOEMKOCTh KOHCTPYKIIHH, U3 KOTOPOIl BBITEKAIOT JIOPOrOBH3HA
U3TOTOBJICHHUS U MOHTaXa.

Jeownnon kopnyc YINP

Pabouuni MexaHmsm

PI/ICYHOK 1- KOHC’I‘pyKIII/IH KJlanaHa 1rnoJavu BoAbl 10 MOACpHU3AlNHU

Ha AO «ADM-texnonorun» AtoMMmai Obljia pa3paboTaHa HOBAask KOHCTPYKLHUS Ui JaHHOTO
KJIaraHa, KOTopas UCKIII0YaeT ONMCAHHBIE BBIIIE HEJOCTATKH (pHC. 2).

OcraBneH OCHOBHOW NpPHUHUUN cpaOaTblBaHUS — 3a CYET paCIUIaBICHHUS IIPUIIOS, HO
KOHCTPYKLIMSI TOJHOCTHIO M30aBl€Ha OT JOMOJHUTEIBHBIX MEXaHU3MOB, KOTOpPhIE MOTYT HeE
cpaborathk. Kiaman cocTouT M3 3ariaymiku, B KOTOPOH HUCIIOIB3YETCS MPUTION, TPEX TPYyOOTIPOBOIOB,
(iraHIa U KPBIIIKHY, COyXamleid B kauecTBe ¢puibTpa. TakuM o0pazom B ciyyae paciuiaBa akKTUBHOMN
30HBI C MPOIUIABICHHUEM JIHUIA KOpPUYM HauHeT nocrynath B YJIP m HarpeBaTh ee MmeTaml, npu
JOCTIKEHUH Temriepatypsl B 580°C npumnoii pacmjiaBUTCs, U 3ariIylika OTIajaeT, cOpOCHB JaBICHUE
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Bo3ayxa. Boma HauHET mocTynath 3a CYET TUAPOCTATHUECKOTO JaBieHUs (M3-3a Meperaja BHICOT).
Takum o00pa3oM, JaHHYIO CHUCTEMY MOXXHO CUYUTATh MOJHOCTHIO IMACCHUBHOM, TaK Kak Uit e&
cpabaTbiBaHUs He TpeOyeTcss HUKaKUX JOIMOJIHUTENbHBIX BO3JACUCTBUN OT ONepaTopa U aBTOMATHKU.
MuHMMHU3aLUsl  aKTUBHBIX ~ MEXaHHW3MOB  COOTBETCTBYET  KOHCEPBATHBHOMY IOAXOAY K
MIPOCKTUPOBaHUIO 000pynoBanus B cootBercTBuu ¢ HIT1-001-15.
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Pucynok 2 — KoHcTpyKius kiianaHa mojadd BOJIbI IOCIEe MOJAEPHU3AIUN

Jlns moaTBepKACHUs pab0TOCIOCOOHOCTH KJlaraHa IpH 33JaHHBIX IPOEKTOM YCIOBUSX, Oblia
pa3paboTaHa mporpamMma U METOAMKA MPHUEMO-CATOYHBIX UCTIbITaHni. OHa BKIIFOYAET ce0sl OTHEBbIC
UCIBITaHUs IIPU Pa3IM4YHBIX AABJICHUAX BO3AyXa B KianaHe. C MOMOIIBIO CIIENUAIbHON YCTaHOBKHU
KJIallaH HarpeBaeTcsl J0 HEeoOXOIMMOW TemIeparyphl, KoTopas (ukcupyercs tepmomnapoil. [lpu
cpabaThlBaHUU KJamaHa (UKcHUpyeTcs TemmepaTypa, 10 kotopoi Harpencs meraimn KIIB. Iocne
MIPOBEICHUS IPUEMO-CAATOYHBIX HCIIBITAHUM JI€Iat0TCs BBIBOABI O pad0OTOCIIOCOOHOCTH KJIaraHa.
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Abstract — For accidents with the destruction of the core with the penetration of the bottom of the reactor
in the project RU VVER-1200, a melt localization device is provided. To cool the corium melt, the UKR
includes a cooling water supply system, which is triggered by opening the water supply valve. This valve
has a rather complex and metal-intensive design, for which there is a possibility of failure. The paper
considers the modernization of the ULR by changing the design of the water supply valve to a more
reliable and less metal-intensive one. Based on the input data, a new valve design was designed and
working design documentation for the manufacture of equipment was developed. To check the valve's
operability, a program and a method of acceptance tests have been developed.

Key words: VVER, melt localization device, melt trap, beyond design basis accident, corium.
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