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Abstract — This work aims to review a promising complex of passive safety systems for a high-
power power unit of the WWER class (PWR), which includes 3 components: — a passive heat
removal / passive cooling system of the WWER type (as well as PWR) - directly through the 1st
circuit without the participation of steam generators; - the system of passive heat removal from the
spent fuel storage pool (on the example of the unit with a WWER-1000).); — the system of passive
heat removal from the containment (also on the example of the unit with WWER-1000). These
systems should prevent the transition of beyond design based accidents into a severe phase. The
main initial event is a complete long-term blackout of the station with a dependent failure of all
active safety systems that require power supply — emergency core cooling system with a high-
pressure pump and a low-pressure pump of the reactor, heat removal from the spent fuel storage
pool, spray system. It is also possible to impose some additional failures — a small leak of the 1st
circuit or a break of the steam lines inside the containment.

Keywords: NPP with WWER, residual heat removal, spent fuel storage pool, PRHRS, numerical
model, two-phase thermosiphon.
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COAEPKAHUE PATMOHYKJ/IMIOB B JOHHBIX OTJIOKEHUAX
BOJOEMOB TEPPUTOPUU PASMEINEHUSA ATOMHbBIX CTAHIIUHN

A.Jl. Enudanosa, A.P. IlonoBa, U.A. By6imkoBa

Bonzooonckuii unoicenepro-mexnuyeckuii uncmumym — gunuan Hayuonanwbnozo ucciedo8amenbckozo si0epHozo
yuugepcumema « MUDHy, Boneodonck, Pocmogckas 06.1., Poccus

B pabore paccMOTpeHa IMHAMHMKA COJICPXKAHHUS PAJAMOHYKIHIOB B JOHHBIX OTJIOXKCHHAX
BOJIOEMOB, PAacIOJIOKEHHBIX B HEMOCPEACTBEHHON Onm3octH 0T skciuryatupyrommxcs ADC ¢
peaxkTopamMu pa3HbIX Tunos. Hakonnenus 3'Cs 1 Co B OHHBIX OTIOKEHHIAX B nepuon ¢ 2008 mo
2019 rr. BEIABIEHO HE OBLIO.

Kniouesvie cnosa: pagnMOHYKIHIBI, JOHHBIC OTJIOKCHHS, W3MEPCHUS, HAKOIUICHHE, YJeNbHAs
akTuBHOCTH, ADC.

Texnonornueckuii npomecc Ha ADC oOpraHu3oBaH TakUM O00pa3oM, YTO JKUAKHE
paZMoaKkTUBHBIE CpeAbl HE HUMEIOT KOHTakTa ¢ oObekTtamu rujapochepsl. Ho Takas
BO3MO)XHOCTb HE MCKIIIOYAETCsl, M MOITOMY IPOUCXOAMT paJAMOAKTUBHBIN KOHTPOJb HE
TOJIbKO cOpocoB ADC, HO U caMUX BOJHBIX 00beKkTOB. [Ipu mocTymieHnn paguoHyKIHIOB B
BOJIOEMbI OHU TepepacrnpeessitoTcs MeXIy BOJAOH M OHMOTOM, HO yacThb JAEMOHUPYETCS B
TOHHBIX OTIOKEeHUX [1]. [ToTeHIMambHO 3TOT MPOIIECC MOXKET MPUBECTH K (HOPMHUPOBAHUIO
UCTOYHMKA MOHU3UPYIOIINUX U3ITy4YeHUI B BOTHOM OOBEKTE.

[lenpto  paboThl  ABIASETCS: YCTAHOBJIEHHME — HPOMCXOIUT JIM  HAKOIUIEHUE
pPaZMOHYKIINJOB B IOHHBIX OTJIOKEHUSIX BOJLOEMOB TeppuTopun pasmerienus ADC.

B kadecTBe MCXOIHBIX JaHHBIX JUIs aHaJW3a MCIOJNb30Balach HHPOpMaLuUs O
BOJIOEMaX, PACIIOJIOKEHHBIX B HEMOCPEICTBEHHOH Oim3ocTH oT benosipckoii, bunubunckoit,
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PoctoBckoii 1 Cmonenckoit ADC [2, 3]. Beibop maHHBIX cTaHIUN O0YCIOBJICH TEM, YTO BCE
OHM SKCIUTyaTUPYIOT HHEProOJOKH C Pa3sHbIMU THUIAMH PEaKTOPOB, COOTBETCTBeHHO: BH,
AITI-6, BBOP u PBMK. AHaiu3 BBIIOJHSUICS IO pagdoHyKmmaam ' Cs u °°Co. Jlpyrue
PaZIMOHYKIIMIBl WMENH COJAEp)KaHHWE MEHbBIIE HUKHEro mpezena oOHapyxeHus. YToObl
YCTaHOBUTH HalMuue (akTa HAKOIUICHUS PATUOHYKIUIOB B JIOHHBIX OTIOKEHUAX, U3ydaICs
BpeMeHHOH npomexyTok ¢ 2008 rona mo 2019 roa ¢ noctpoeHreM JTMHUNA TPEHIOB.

Jlns Bcex paccmoTpeHHBIX ADC M MCIIONB30BaHHBIX JJIS aHAIM3a PaJMOHYKINJOB HE
BBISIBJICHO pocTa UX coaepxkanus. [loaTomy ObLIM oOmpeneieHbl CpeaHHe 3HaueHus |
CPEIHEKBAIpaTUYHbIE OTKJIOHEHUS PACCMOTPEHHBIX IAPAMETPOB.

B xauectBe mpumepa, npuBeaeM gaHubie mo Poctosckoit ADC (tabm. 1, puc. 1 u 2).

Tabmuma 1 — CraTucTHyecKuil aHaIU3
Mecto coopa mpod MareMaTH4YeCKoe O:KHIaAHue CpenHexkBaipaTH4ecKoe OTKIOHEHHE
137¢g 0Co 137 0Co
LumstHCKOE 0,1045 0,0947 0,4378 0,4152
BOJIOXPAHUIIHIIIC
BonoeM-oxiianurens 0,2537 0,1129 0,5771 0,3323
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Pucynox 1 — AxtuBHOCTS ~~ CS B JOHHBIX OTJIOXKEHHUAX, BK/KT B -C.

2,5

15

0,5

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
@ | | IMISHCKOE BOAOXPaHMUMLLE @ B0 /10€M-0X1aJUTEND

PucyHox 2 — AKTUBHOCTb %0Co B oHHBIX OTIONKEHMSX, BK/KT B -C.

s PocroBekoit ADC paccMarpuBasivch JBa Bojoema: LIMMIIIHCKOE BOJTOXPaHUIIMILE
¥ BOI0EM-OXJIa/INTE b, 32 PACCMOTPEHHBIH eprox >’ Cs 1 *°CO M3MEHSUTHCH IPAKTHYECKH B
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onHoM umcnoBoM auamnazoHe (0,4-4 bx/kr). Kpome Toro, cpaBHeHUE yJelbHOW aKTUBHOCTH
BCs ¢ nanHbIME HyleBoro ¢ona (puc.3), MONYYCHHBIMH IIPH OGCICIOBAHHH TEPPUTOPUH
PocroBckoit ADC no ee mycka B mepuoa ¢ 1980 mo 1990 roma, mokasai, 4To B
paccMaTpuBaeMblii HAaMHU TEPHOJ] €ro COJIep)KaHue ymallo npaktudyecku B 4-5 pa3. bonee
BBICOKas y/Ie/IbHAS AKTHBHOCTH Ui >'Cs B Hauaie JEBSHOCTBIX TOOB MPOIUIOr0 BEKa
obbsacuseTcs YepHoObUTbCKOM KaTacTpodoii 1986 roxa.
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Pucynox 3 — AKTUBHOCTB 37Cs B 1OHHBIX 0TI0XKEHHsX L{HMISHCKOTO Bonoxpanmwmina (Hynesoii o),
Bk/kr B -c.

[To uToram BHITIOJIHEHHOW PabOTHI OBUTH ClIETIAHBI CIICYIOIIUE BBIBOIBIL:

1. HauGonpiias 3arpsS3HEHHOCTbh JIOHHBIX OTJIOXKEHHH BOJOEMOB DPAaTUOHYKIUIAAMHU
HaOmogaercss Ha bummbunckoit ADC ¢ sueproOnokom tuma IITI-6. AKTUBHOCTH ®co
Bapsupyercs ot 0,5 no 70,24 bx/kr, 187 pacmpeziesieH B JOBOJIBHO y3koM auamnaszone: 0,4-5
Bx/kr.

2. HaumensbImas 3arps3HEHHOCTh JOHHBIX OTJIOKEHUN PalMOHYKIUAAMH HAOIIOAAaeTCs
na Pocrosckoii ADC ¢ peakropom BBDP-1000. Yaemenas axtuBHocTs ©°Co u *'Cs
Bapbupyetcs B quana3one: 0,4-2,1 u 0,6-3,5 BK/KT COOTBETCTBEHHO.

3. HakonutenbHbli 3 ()EKT HE BHISBIIEH.
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Abstract — The paper considers the dynamics of the content of radionuclides in the bottom
sediments of reservoirs located in the immediate vicinity of operating nuclear power plants with
different types of reactors. No accumulation of 137Cs and 60Co in the bottom sediments was
detected in the period from 2008 to 2019.
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