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PO3PAXYHOK PANIALIMHMX MOJIIB Y BETOHI BIOJIOTTYHOT' O 3AXMCTY BBEP-1000
3A JOIMIOMOTI'OI0O MOHTE-KAPJIO KOAY SERPENT

st po3paxyHKy pajialiifHux modiB y 6eroHi 6ionorigynoro 3axucty BBEP-1000, My po3poOwmiu i 3acTocoByeMO y
it pobOTi METOJMKY MOJIEIIIOBAHHS 3 BUKOPHCTaHHIM TEXHIKM 3MEHIIEHHs nucrepcii Ha ocHoBI MonTe-Kapio xoxy
Serpent. Po3paxoBaHo paniajibHi, akciaJlbHI Ta a3UMyTajJbHI 3aJ€KHOCTI MOTOKIB HEHTPOHIB 1 raMMa-TIpOMEHIB Ta
MOTY>KHOCTI TOTJIMHYTOI J03W y OeToHi OiomoridyHoro 3axucTy. Ha OCHOBI pe3ymbTaTiB pO3paxyHKIB OIIHEHO
MaKCHUMallbHI (pIIIOeHCH HEUTPOHIB 3 PI3HUMH BiJCIYKaMH IO €HEPTii i MAKCUMAaIbHY MOTJIHHYTY 03y B O10JOTITHOMY
3axucti BBEP-1000 3a 60 i 80 pokiB ekcruryarariii peakropa, Ta BH3HAYCHO OOJIACTI 3 HAWOLIBIIHM pamialliitHuM
HaBaHTaXEeHHAM. OTpUMaHi pe3yJbTaTH 100pe Y3roMKYyIOThCS 3 HasIBHUMH Yy JitepaTypi ganumu moxo BBEP-1000 ta
inmmx peaktopiB Tumy PWR. [loka3zano, mo ¢mroerc nHeittpoHi 3 eHepriero Bumie 0,1 MeB 3menmryeTscs BaBivi Ha
rbuHi 4 cM OeToHy, a MOITHMHYTa J03a TaMMa-BHIIPOMIHIOBaHHS 3MeHHIyeTbess Ha 40 % Ha rmmbuni 13,5 cm.
PesynbraTel I1bOr0 JOCHIHKCHHS JOMOMOXKYTh OIIHUTH HACTIIKA TPHUBAJIOrO OIMPOMIHEHHS OCTOHY O0I10JOriuHOro
3axucty BBEP-1000, mo HeoOXigHO Ui JOCTOBIPHOI OLIHKM PH3HKIB, IMOB’S3aHHMX 13 TPOJOBKEHHSM TEPMiHIB
eKCILTyaTallil aTOMHHX EJIEeKTPOCTAHIIiH.
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CALCULATION OF RADIATION FIELDS IN THE VVER-1000
CONCRETE BIOLOGICAL SHIELD USING MONTE CARLO CODE SERPENT

To calculate radiation fields in the concrete biological shield (CBS) of the VVVER-1000 reactor in this work, we have
developed and applied the Monte Carlo code Serpent simulation framework based on the variance reduction technique.
We have quantified the radial, axial, and azimuthal variation of neutron and gamma-ray fluxes and the absorbed dose
rate in the CBS. Using the calculation results, we estimate maximum neutron fluence and maximum absorbed dose in
the VVER-1000 CBS over the period of 60 and 80 years of the reactor operation and localize the domains of highest
radiation exposure. The obtained results are in good agreement with the available data on the VVER-1000 and other
pressurized water reactors. We show that the fluence of neutrons with energy above 0.1 MeV decreases by half at a
depth of 4 cm of concrete, and the gamma-ray absorbed dose decreases by 40 % at a depth of 13.5 cm. The outcomes
from this research will help to assess the effects of prolonged irradiation of the VVVER-1000 CBS, which is required for
reliable risk assessment for extended operation of nuclear power plants.

Keywords: concrete biological shield, irradiated concrete, Monte Carlo code Serpent, VVVER-1000.
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