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NEPBBIE PE3YJIbTATbI PAAMO3KOJIOTM4YECKOI0 UCCJIEAOBAHUS
BOAOEMA-OXJIABUTENS BE/NOAPCKOW ASC MOCJIE BBOJA
B SKCIMJIYATALIUIO 4-r0 SHEPTOBJIOKA BH-800
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AkTyasibHOCTb. BBOM, B 9KCMlyaTaLUMo HOBbIX MOLLHOCTEN Ha AEeACTBYIOLLMX aTOMHbIX 3/IEKTPOCTAHLMAX MO-
XeT ObITb COMPSXEH C YBENMYEHMEM pPaanauyioHHOM Harpy3ky Ha NPUPOAHYI0 cpeay 1 YenoBeka. Ha Benosp-
ckol aTomMHol cTaHumm (BA3C) B 2016 1. 6611 BBeAeH B akcrnyaTaumio 4-i1 aHeprobnok BH-800. B kayecTse
BOJOEMa-OXIaamTens ncrnonbdyetcs obpaszosaHHoe B 1959-1963 rr. Benosipckoe BogoxpaHunuile. MNepeq
nyckom 6noka BH-800 B 2014 r. 66110 NPOBEAEHO PaAANO3KOOrnyeckoe obcneaoBaHne BogoeMa-oxXnaanTens,
pe3ynbTaThl KOTOPOro onybnMkoBaHbl B Ne 2 naHHOro xypHana 3a 2016 .

Llenb — B CpaBHUTENbHOM acrnekTe ¢ pesdysbraTtamMu NpeablayLlmnx NccneaoBaHmnin nokasaTb BANAHUE Nycka
aHeprobnoka EH-800 Ha paamMoakonornieckoe CoOCTosH1E BOAOEMA-OXTaANTENS.

MeTtononorus. ViccnepoBaHbl NpoObl BOAbLI M MAakpopUTOB (paecT rpedbeHuaTblil, PoroIMCTHUK TEMHO-3€e/1e-
HbI, cnMpornpa, knagodopa) B penepHbix ToHKax BOAOEMA-0xX1aanTens.

Pe3synbtarsl v nx aHan3. YCTaHOBNEHO, YTO coaepxaHue '3’Cs B Boae no cpasHeHuto ¢ 2014 1. Bo Bcex pe-
nepHbIX ToYkax (Bkto4yasa cOpPOCHO kaHan 4-ro aHeprobnoka) cHnaunocs B 1,4-5,9 pasa. CoaoepxaHue ¥'Cs
B paecTe rpebeHyaToM 13 cOPOCHOro kaHana 4-ro aHeprobnoka okasanoch B 3,1 pasa Huxe, a °°Sr B 1,4 pasa
HUXe, 4em B MakpoduTax n3 peku MNbima HUXe NMiIoTUHbI.

BaknoyeHve. Beopa B akcnnyataumio aHeprotnoka BH-800 He conpoBoxaancs AONOSHUTENbHOW paanaum-
OHHOW Harpy3Kom Ha BOOOXPaHWUIIMLLE U He 0OKa3blBAET OTPULATENIbHOIO BIMSIHUSI HA MPOLECChI CAMOOUULLEHWS
BOJOEMa Nocre BbiBoAa 13 akcnnyataumm 1-ro u 2-ro 6nokoB benosipckon ASC. CoxpaHeHue B AasibHENLLIEM
NMPUPOAHbLIX PecypcoB Benoapckoro BogoxpaHunuila npearnonaraeT cuctemMaTnyeckoe BeeHne paaruoakoso-
rMYEeCKOro MOHUTOPWHIA C LENblo ONpeaesieHnss yPpOBHEN coaepXXaHus OONrOXUBYLUMX PaaViOHYKINOO0B B OC-
HOBHbIX MPUPOOHLIX KOMMOHEeHTax BogoemMa-oxnaguTtens.

KnioueBble cnoBa: paanobuonorusi, YypessblyanHas cUTyauusi, aToMHast 9N1eKTPOCTaHLUMS, BOAOEM-0xXJ1a-
antenb ASC, aHepro6nok BH-800, TexHOreHHble paanoHyKIMabl, BOAa, MakpoduThl.
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COOLING POND AFTER THE 4™ UNIT BN-800 COMMISSIONING
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Relevance. New units commissioning at the operating nuclear power plants may be associated with an
increase in the radiation load on environment and human beings. The 4" Unit BN-800 was commissioned at
the Beloyarsk nuclear power plant (BNPP) in 2016. The Beloyarsk artificial lake created in 1959-1963 serves
as a cooling pond. A radioecological study of the cooling pond was performed in 2014 before the BN-800 Unit
commissioning. Its results were published in the issue No. 2 of the present journal in 2016.
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Intention. The objective of the work is to show (comparing with the results of the previous research) the effect
of the BN-800 Unit commissioning on the cooling pond radioecological state.

Methodology. The samples of water and macrophytes (Potamogeton pectinatus, Ceratophyllum demersum,
Spirogyra, Cladophora) were examined at the reference points of the cooling pond.

Results and Discussion. It was found that '*’Cs decreased in the water by 1.4-5.9 times in all reference points
(including the 4" NPP Unit discharge channel) compared to 2014. Potamogeton pectinatus (from the 4" NPP
Unit discharge channel) had 3.1 times less '*’Cs and 1.4 times less °°Sr than macrophytes from the Pyshma river
area below the dam.

Conclusion. The BN-800 Unit commissioning was not associated with additional radiation load on the
artificial lake. It does not deleteriously affect the natural purification processes after the 15t and 2" BNPP Units
decommissioning. The further preservation of the Beloyarsk artificial lake natural resources assumes a systematic
radioecological monitoring to determine the level of long-lived radionuclides in main natural components of the

cooling pond.

Keywords: radiobiology, emergency situation, nuclear power plant, NPP cooling pond, BN-800 Unit, artificial

radionuclides, water, macrophytes.

BeepeHue
BGHOﬂpCKaﬂ aTOMHa4d ANIEKTPOCTaHUUA
um. WN.B. KypuatoBa (BA3C) pacnonoxeHa

B I. 3apeyHblilii CBepasioBCKOW obnactn — enuviH-
ctBeHHas B Poccuun ADSC ¢ pasHbiMu TUnamm pe-
aKTOPOB Ha OAHOW NfoLwiaake, camaa crapasi u3
OENCTBYIOLLMX HbIHE aTOMHbIX 3N1EKTPOCTaHLNM.
Ha ctaHumm 6611 coopykeHbl 4 aHeprobnoka: 2 —
C peakTopamMm Ha TEMIOBbIX HEMTPOHAx 1 2 — ¢ pe-
aKTopamu Ha ObICTPbIX HEMTPOHAaXx. B HacTosllee
BPEMS Ha CTaHuMK 2 OencTByowmx 6noka: 3-i
3Heprobok ¢ peaktopom BH-600, 3anyLueHHbI
B akcnayaTtaumto 8 anpensa 1980 r. 310 nepsBbIN
B MMpe 9HeProb/10K NPOMbILLSIEHHOrO MacLuTaba
C peakTopoM Ha BbICTPbIX HENTPOHAX 1 4-11 6ok
BH-800, koTopbii Takxe npeacTaBnsaeT coboi
KpynHenwnm B Mrupe AeACTBYIOLLMIA 3Heprobok
C peakTopOM Ha ObICTPbIX HENTPOHAaXx.

Peaktop BH («ObICTpble HENTPOHbLI») ABNAET-
CS 9KCNEPMMEHTANIbHOW TEXHOJIOrMEen SaepHon
nHayctTpun. B ¢usmke Takom peakTop eule Ha-
3bIBalOT OPMOEPOM OT aHITIMINCKOro CioBa breed,
KOTOpPOE NEepeBOANTCH «pa3MHOXaTb». Bnoku
TMna BH cnocobHbl npon3eoauTb NayToHuin. Co-
rmacHo npoekTy, B peaktope BH-800 no3sons-
€TCS He TOJIbKO UCMOJIb30BaTb 9HEPreTUYECKUN
MIyTOHWIA, HO M nepepabaTbiBaTb OPYXEWMHbI
NAyToHWA. Takxke 610K JaeT BO3MOXHOCTb YTU-
M3npoBaTb akTUHUALI U3 0BJIyHEHHOro TOM/u-

D4 Aleksandr Vasil’evich Korzhavin — PhD Veterinary Sci.,

Introduction

The Beloyarsk nuclear power plant (BNPP) is
named in honour of I.V. Kurchatov. It is situated in
the city of Zarechny, Sverdlovsk Region (Russia).
It is the only NPP in Russia with different types of
reactors located in one place as well as the oldest
operating NPP. Four power units were construct-
ed at the plant: 2 had thermal neutron reactors
and 2 - fast neutron reactors. Two reactors are
now in operation. They are the 3™ Unit BN-600
(the first industrial-scale unit with fast neutron re-
actor in the world) commissioned on 8 April 1980
and the 4™ Unit BN-800, the largest fast neutron
reactor unit in the world.

Reactor BN (from Russian “fast neutrons”) is
an experimental technology in nuclear industry.
This type of reactor is also called breeder in phys-
ics (from English “breed”). BN units can produce
plutonium. According to the project, BN-800 can
both use energy plutonium and recycle weapon
plutonium. Moreover, it provides opportunity for
utilising actinides of irradiated fuel from fuel re-
actors. BN-800 is considered to be a safe unit;
the reactor is equipped with an additional emer-
gency protection system. Its work is based on
passive elements which become active with envi-
ronment temperature rising. The reactor project
corresponds to all environmental requirements.
Thus, documentation has specified reduction in
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Ba PEakTOPOB Ha TEmnnoBbiIX HenTpoHax. BH-800
cuntaetcs 6e30nacHO yCTaHOBKOW, peakTop 000-
pyooBaH OOMNOMIHUTESIbHOW CUCTEMOW aBapUMHON
3awmTbl. OHa paboTaeT Ha OCHOBE NaCCUBHbLIX de-
MEHTOB, KOTOPbIE aKTUBU3MPYIOTCS MPU MOBbILLE-
HUK TemnepaTypbl Okpyxaiwouwen cpegpl. Npoekt
peakTopa COOTBETCTBYET BCEM 3KONOMMYECKUM
TpeboBaHMaM. Tak, [OOKyMeHTauuen npemycMmo-
TPEHO COKpaLlleHne noTpebneHus aTMochepPHOro
KMCNOPOAa U OPraHMYecKoro Tonanea, yTunmaaums
NMPOAYKTOB AENeHUs f0epHbIX MaTepuanoB U Opy-
rMX paguoakTUBHbBIX OTXO40B. AHEeProb1ok NpM3BaH
CYLLECTBEHHO pPacLMpUTb TOMMBHYO 0al3y aTom-
HOM OQHEpreTmkM M MWUHUMU3UPOBATL pPaanoak-
TUBHbIE OTXOA4bl 32 CHET OpraHM3aumm 3aMKHYTOrO
S0EPHO-TOMMBHOIO umkna [2, 4-6].

MepBble opa 6110ka ¢ BOAOrpadUTOBLIMM KaHa b-
HbiMK peakTopamu AMB-100 n AMB-200 dyHKumO-
HupoBann B 1964-1981 rr. 1 1967-1989 rr. u Obinn
OCTaHOBJIEHbI B CBA3M C BblpabOoTKOM pecypca. Ton-
JINBO N3 PEAKTOPOB BbIFPYXEHO W HAaxXoAUTCHA Ha
DNNTENbHOM XpaHeHUM B cneuyanbHbix 6accenHax
BbIAEPXKU, PACMONOXEHHbIX B OAHOM 3[aHUK C pe-
akTopamu. B pamkax BeiBoga 1-ro n 2-ro 6J10koB 13
akcnnyatauum ¢ 2017 r. Havancs BbIBO3 S4EPHOro
Tonnvea. Bce TexHonornyeckne cuctemsl, pabota
KOTOpLIX He TpebyeTcs Mo ycnoBusaM 6e30MnacHo-
CTW, OCTaHOBMEHbl. B paboTe HaxomsTcsi TOMbKO
BEHTUNSILMOHHbIE CUCTEMBI 4151 NOAAEPXAHUSA TEM-
nepaTtypHOro pexvma B MOMELLEHUSX U CUCTEMA
paaMaLMoHHOrO KOHTPOSs, paboTa KOTOpbIX Kpy-
rMocyTo4HO obOecneymBaeTcs KBaJIMOULMPOBAH-
HbIM NepcoHanom. B anpene 2014 r. HayaTbl paboThbl
rno pasbopy peakTopoB.

MpoekT peaktopa BH-800 npowen Bce akcnep-
TM3bl 1 NPOBepPkU. Pe3ynsTaThl BCex NPOBEPOK Obln
nonoxuTesnbHbiMu. W yxe B 1997 r. 6bina BblgaHa nun-
ueH3us focatoMmHansopa Poccum Ha yCTaHOBKY pe-
akTopa. HoBbli 4-11 aHeprobnok BASC ¢ peakTtopom
BH-800 27 uitoHa 2014 1. 6bin BbiIBEAEH HA MUHUMATTb-
HbI KOHTPOIMPYEMBI YPOBEHb MOLHOCTU. 10 geka-
Ops 2015 1. 6nok Ne 4 BktoYeH B CeTb M BbipaboTan
MEepBYIO 3NIEKTPO3HEPIUIO B 3HEProcucTemy Ypana.
17 ceHTa6ps 2016 . aHepro6nok Ne 4 ¢ peakTopom
BH-800 BbiBeaeH Ha 100 % moLHoCTH, a 31 okTa0ps
2016 . — coaH B NPOMBILLNIEHHYIO SKCMTyaTauuio.

Kak n niobas ASC, BA3C saBnsieTcs noteHumanb-
HbIM MCTOYHUKOM 3arpsiSHEHUS OKpyXatoLlen cpe-
Obl. Bbixo4, paanoakTMBHbBIX BELLLECTB BO BHELLHIOW
cpeny MOXET NPOUCXOAMTb BO BPEMS LUTATHOM pa-
60Tl ADC, a valle Bcero npv BO3HWKHOBEHUN HELL -
TaTHbIX cUTyaumin. 3a nepuog, akcnnyataumm bA3SC
ObII0 HECKOMNbKO aBapuini U CepbesHbIX Heuncrnpas-
HocTen. [Nepeas aBapua nponsowna 29 masa 1976 r.,
Korga Ha 2-m 6510ke Npu BbIXOAE €ro Ha MOLLHOCTb
nocne cpabaTblBaHUS aBapuUMHOM 3almTbl peak-

consumption of atmospheric oxygen and or-
ganic fuel, utilisation of nuclear materials fis-
sion products and other radioactive wastes.
The unit is meant to broaden considerably the
nuclear power industry fuel base and mini-
mise radioactive wastes by organising closed
nuclear fuel cycle [2, 4-6].

The first two units with water-cooled graph-
ite-moderated channel reactors AMB-100 and
AMB-200 operated in 1964-1981 and 1967-
1989. They were stopped due to fuel exhaus-
tion. The fuel was discharged from them and
placed for a long storage into special spent
fuel pools in the same building where the re-
actors are situated. Removal of the nuclear
fuel started from 2017 in the framework of the
1st and 2" units decommissioning. All manu-
facturing systems which functioning is un-
necessary according to the safety terms were
stopped. Ventilation for temperature control
within the building and radiation control are
the only systems functioning and they are
maintained by highly skilled personnel. Reac-
tors demolition process started in April 2014.

The BN-800 Unit project underwent all in-
spections and tests. The results of all tests
were positive. Federal Nuclear and Radiation
Safety Authority of Russia (Gosatomnadzor)
issued a licence for BN-800 construction
in 1997. The new 4" BNPP Unit with BN-800
reactor achieved minimum controlled power
on 27 June 2014. It was connected and gen-
erated its first electricity into the Ural Power
Grid on 10 December 2015. BN-800 achieved
100% capacity on 17 September 2016 and
was commissioned on 31 October 2016.

Any NPP including BNPP is a potential
source for environment contamination. Ra-
dioactive substances may be released uncon-
trolled into the ambient medium during the
NPP routine operations, but more often during
emergency situations. There were several ac-
cidents and serious damages during BNPP
operation. The first accident happened on 29
May 1976. Fuel rod array of several ten chan-
nels was damaged after reactor safety tripping
at power ascension in the 2" unit. Regarding
its potential hazard and delivered property
damage, this accident is considered as se-
vere; post-accident recovery works continued
about 9 months. The first 2 days showed an
increased gas-aerosol escape which, never-
theless, was acceptable according to sanitary
regulations SP No. 38/3-68 (not more than
5-fold single escape). Short-time gamma
background increase was observed along the
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TOpa BO3HUKIIO MOBPEXAEHME TEMOBbIAENSIOLLEN
cbopkm (TBC) Heckonbkmx necaTkos kaHanos. C Tou-
K1 3pPEHUst MOTEHLMANBbHOW ONAaCHOCTU N HAHECEHHO-
ro matepuanbHoro yuiepba, ata aBapusi OTHOCUTCS
K paspsay TsXesblX — BOCCTaHOBUTE/bHbIE paboThl
onmnncb okono 9 mec. B TeueHre nepsbix 2 CyT Ha-
On0ancs NnoBbILLEHHbIM ra30adpP0o30JibHbIA BbIOPOC,
HO NPV 3TOM OH He MPEeBbICU AOMNYCTUMOrO 5-kpaT-
HOro opgHopasoBoro Bbibpoca no CIM Ne 38/3-68.
KpaTkoBpemeHHoe yBennyeHne ramma-@oHa Habnto-
[anock no xony pacnpoctpaHeHnsa dakena n He npe-
Bbiwasno B . 3apevyHom 40-80 mMkP/4. B ganbHenwem,
B nepuog ¢ 1978 no 1990 r. Ha 2-m 1 3-M 3Heprobo-
kax OblfIM eLle HECKOSIbKO HapyLUeHW HOpMaslbHOM
akcnnyatauum 6J10KOB, KOTOPbLIE HE NPUBOAVAN K pa-
OVALMOHHOMY BO3OENCTBMIO HA HACeNeHue 1 OKpy-
xxatoutyto cpeay [1].

Bbilwecka3zaHHOe noaTBepXAaeT HeOOX0ANMOCTb
OCYLLLECTBIEHNS MOCTOSIHHOIO PaaV03KON0rnM4ecKo-
ro MOHUTOPUHra 3a O06bEeKTaMU, PaCMOSIOXKEHHbIMU
Ha npunerawoLen kK gencteytouen ASC Tepputopun.
B kauyecTtBe Bogmoema-oxnagutena BA3C ncnonbay-
eTcs benosipckoe BOOOXpaHWUULLE, KOTOpoe Oblo
obpasoBaHo B 1959-1963 rr. nytem 3aperynmposa-
HUs pycna peku Mbilwma. Pagmoakonornyeckoe 06-
cnefoBaHMe BOAOEMa-OXNaguTens nepepn nyckom
6noka BH-800 (HyneBoii ypoBeHb) ObIIO NpoBene-
HO B 2014 ., pe3ynbTaTtel KOTOPOro ony6nKoBaHbI
B Ne 2 naHHOro xypHana 3a 2016 r. Llenb gaHHom pa-
©0Tbl — B CPaBHUTENIbHOM acrekTe NpPOBECcTU aHann3
peaynsTaToB obcnenoBaHus Benospckoro Bogoxpa-
HUAMWa oo n nocne nycka BH-800 ons BbIACHEHUS
B/IMSIHWSI HOBOrO 3Heprobnoka Ha pagmoakosiormye-
CKO€ COCTOSIHME BOOOEMA-0OX1aANTENS.

Matepuan n metogabl

KoopaonHatbl Touek oTbopa npob onpenensnu
npY NMOMOLUY CMYTHUKOBOW HaBUrauMOHHOW CUCTe-
Mbl GPS (1abn. 1). Mpobbl BOAbI s aHaNM30B Ha
copepxaHve paavoHykKNnMaoB oTbupanu B MOuv-
3TUJIEHOBbIE EMKOCTU U CPa3y NOAKMUCASAN a30THOM
KWUCNOTOW, NpeaoTepallas copobumio paamoHyKInaoB
Ha CcTeHkax cocynoB. [lns nonyyeHns o6bLEKTUBHBLIX
peaynLTaToB BCe Npobbl BOAbl OTOMpanu B AByX Mo-
BTOpHOCTAX no 150 n B kaxpgon. Mogrortoeka npob
BOAbl 3aK/l04anachk B BbIMapMBaHUM BOAbl O CyXOro
octaTtka. Cyxon OCTaTtok nomMewiann B MydenbHyO
rneyb npu t = 450 °C Ha 8 4. Nocne ocTeiBaHUS OCTa-
TOK pacTupanu necTuKoM A0 MEKOAUCMNEPCTHOro
MOPOLLKA.

MakpoduThl (paecT rpedbeHyaTblin, PoroIMCTHUK
TEMHO-3eJIeHbIN, cnnporupa, knagodopa) otémpanm
no 3-5 Kr Cbipoli Macchl Ha MOBTOPHOCTbL. PacteHns
OTMbIBaNM OT 3arpsi3HEHU, B3BELUNBAN U BbICYLLUM-
BanM A0 BO3OYLLUHO-CYXOrO COCTOSIHUSI, MOC/e 4ero
o3onsanm B MmydenbHor neyn npu t =450 °C.

flame travel and did not exceed 40-80 pR/hr
in Zarechny. Later on there were also sev-
eral damages in the 2" and 3™ units within
1978-1990 which did not lead to irradiation
of population and environment [1].

The above mentioned information con-
firms the necessity of constant radioecolog-
ical monitoring of the objects located at the
operating NPP territory. The Beloyarsk artifi-
cial lake created in 1959-1963 by construc-
tion of a dam in the Pyshma River serves as
a cooling pond for BNPP. A radioecological
study of the cooling pond was performed in
2014 before the BN-800 Unit commissioning
(zero level). Its results were published in the
issue No. 2 of the present journal in 2016.
The objective of the work is to compare the
results of the Beloyarsk artificial lake studies
before and after the BN-800 Unit commis-
sioning to determine the effect of the new
unit on the cooling pond radioecological
state.

Materials and Methods

Geographic coordinates for sampling
points were defined using GPS (Table 1).
Water samples for radionuclides analysis
were collected into polyethylene containers
and acidified straight away with hydrogen
nitrate preventing radionuclides sorption
on containers walls. Water was sampled in
an amount of 150 L, twice to get unbiased
results. Samples preparation involved water
evaporation to solid residue state. The solid
residue was placed into the muffle oven at
t=450°C for 8 hr. After cooling down the res-
idue was pestled to finely dispersed powder.

Macrophytes (Potamogeton pectinatus,
Ceratophyllum demersum, Spirogyra, Clado-
phora) were sampled in 3-5 kg of the raw
mass, also repeatedly. The plants were
washed clean, weighed and dried to air-
dried state, then ashed in the muffle oven at
t=450"°C.

Instrumental methods were used to de-
tect '¥7Cs in samples of the environmental
media. The measurements were done us-
ing low-background semiconductor gam-
ma-spectrometer “Ortec” (the USA) with
coaxial detection system based on highly
purified germanium (HPGe), with 40% ef-
ficiency, measurement error less than 10%
and lower detection limit 0.005 Bg/kg con-
sidering water concentration.

%Sr was detected in samples with low
activity using radiochemical method based
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[na onpepenerHns cogepxanusa '¥’Cs B obpasuax
NPUPOOHbLIX CPeL, UCMOJb30BasIM MIHCTPYMEHTaJIbHbIE
MeToAbl. I3amepeHus nposoanan Ha HU3KO(OHOBOM
NnonynpoBOAHMKOBOM raMmMa-crnekTpoMeTpe GprpMbl
«Ortec» (CLLIA) ¢ koakcmanbHOM OETEKTOPHOM CUCTe-
MOl Ha 6a3e BbiCOKOOUMLLEHHOrO repMmaHus (HPGe)
c addekTBHOCTHLIO 40 % Npu OLLIMOKE N3MEPEHUS HE
6onee 10% n HUXHEM Npenene obHaPYXeEHUS C yye-
TOM KOHUEeHTpupoBaHuma Boapl 0,005 Bk/kr.

OnpeneneHne °°Sr B obpasuax ¢ HU3KOW akTUB-
HOCTbIO MPOBOOVAN PaOVNOXMMUYECKUM METOLOM,
OCHOB@HHOM Ha BbILLENAYMBAHUM XUMUYECKUX 3fie-
MEHTOB 6-HOPManbHOM CONSIHOW KUCNOTOW C no-
cnenyowyM OCaXAEHNEM OKCanaToB LUENIOYHO-3e-
MeJIbHbIX 3/IEMEHTOB U BblAENEHNEM U3 pacTBopa
okcanatoB °Sr B Buae kapboHaToB. CopepxxaHue
9Sr onpepensnu no podepHemy %Y. NamepeHue
(-akTMBHOCTM NpoBOAVAM Ha ManodOHOBOW ycTa-
HoBke YM®-2000 ¢ HMXHMUM npenenioMm obHapyxe-
HUS C y4eTOM KOHueHTpupoBaHusa 0,02 bk/kr n cTa-
TUCTMYECKOM OLINOKOM namepeHms He 6onee 10 %.

JocToBEPHOCTL pPEe3ynsTatoB  OOCTUranu napan-
nenbHbIM 0T6OPOM U UccneoBaHMeM 00pasLoB Mpu-
poaHbIX cpepn, B ABYX NMOBTOPHOCTsX. CTaTnuctuyeckas
0oOpaboTka pe3ynbTaToB 3aksoyasnacb B onpeaene-
HUX cpeaHeapdMETNHECKOr0 3HAYEHNS U CpeaHero
KBagpaTU4HOro OTKNOHeHus (M = G). OueHKy OocTo-
BEPHOCTN PA3NVYMA OaHHbIX, Mony4eHHbix B 2014
v B 2017 ., NnpoBOOVAN C UCMOJIb30BAaHNEM [OBYXBbIOO-
poyHoro t-kputepust CTblofeHTa Ans HE3aBUCUMBbIX Bbl-
OOpPOK C YPOBHEM CTaTUCTU4eckow 3HauymmocTtn 0,05.

PesynbTaTtbl M X aHanu3

ConepxaHne  TEXHOrE€HHbIX  PaaAVOHYKINAOB
B npobax Boabl. CopepXaHne OCHOBHbIX TEXHOIEeH-
HbIX PagMoHYKNMOoB B Boge benospckoro Bogoxpa-
HUMLLA NpeacTasfiieHo B Tadn. 1.

CornacHo HPB 99/2009 [3], ypoBHU BMeLLATENb-
cTBanpucoaep>xaHmm B BOAE OTAEJIbHbIX PAONOHYKITN-
DoB cocTaensioT: *°Sr — 4,90 bk/kr, ¥’Cs — 11,0 bk/kr.
Taknm obpasomM, cogepxaHue B Boae benospckoro

on chemicals leaching with 6-normal hy-
drochloric acid with further alkaline-earth
elements oxalates subsidence and *°Sr dis-
engagement out of oxalates solution in the
form of carbonates. °°Sr content was de-
fined using daughter radionuclide °%Y. B-ac-
tivity was measured using low-background
facility UMF-2000 with lower detection limit
0.02 Bg/kg considering concentration and
statistical measurement error less than 10 %.

Study validity was achieved by means
of parallel sampling and repeated research.
The results were statistically processed with
counting average meaning and standard
mean error (M £ s). Significance of differ-
encesin data obtainedin 2014 and 2017 was
evaluated using Student’s unpaired t-test
with a significance level of 0.05.

Results and Discussion

Artificial radionuclides in water samples.
Main artificial radionuclides in water of Belo-
yarsk cooling pond are presented in Table 1.

According to the radiation safety stan-
dards NRB99/2009 [3], the intervention
levels for specific water radionuclides are
the following: *°Sr — 4.90 Bqg/kg, *’"Cs - 11.0
Bqg/kg. Thus, amounts of the indicated radio-
nuclides in the water of the Beloyarsk cool-
ing pond are considerably lower than the
intervention levels. '¥"Cs volumic activity is
three times as low and °Sr — twice as low as
the intervention levels.

Figure 1 shows the change in artificial
radionuclides concentration in the water of
the Beloyarsk cooling pond from 2014 (zero
level before the 4" BNPP unit commission-
ing) to 2017 (after the 4" BNPP unit commis-
sioning). It demonstrates a ¥’Cs decrease
in all reference points over the indicated
period. Thus, the radionuclide volumic ac-

Ta6nuua 1

KoHTponbHble Toukm oTbopa Npod BoAbl 1 MakpopUTOB
Table 1. Water and Macrophytes Sampling Control Points

MecTto oT6opa npobd
Sampling Site

Mpennonaraemblini ICTOYHUK NOCTYMIEHUS
PaanNoHYKNNO0B B BOOAOEM
Supposed Source of Radionuclides
in the Water Basin

[eorpaduryeckne KoopanHaTbl
Touek oTbopa nNpod
Sampling Points Geographic
Position

p. MNbilwMa HMXe NAOTUHbI

The Pyshma River, area lower the dam
PairoH Bnodpunsunyeckom ctaHuum
Biophysical station area

C6pocHol kaHan 4-ro aHeprodioka
4" NPP Unit discharge channel
Tennbin 3annB

Warm Bay

O6BOAHON KaHan
Diversion channel

4-i1 3Heprobnok
4% NPP Unit

1st, 2" and 3 NPP Units

MHTerpanbHbli cOPOC 13 BOgOXpaHUAMLLA
Integral discharge from the artificial lake

1-, 2-i1 1 3-11 aHeprobokn

N56°78,833"; E61°30,865"
N56°84,045"; E61°31,062"
N56°87,233"; E61°27,847"

N56°82,493"; E61°32,774’
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BOLOXPAHUINLLA YKA3aHHbIX PaOMOHYKIMOOB 3HAYU-
TENbHO HMXE YPOBHS BMeLlaTesbecTBa. O6beMHas ak-
TMBHOCTb ¥’Cs Ha Tpu nopsigka BENYMH HUXE YPOB-
HS BMellaTenbCcTBa, coaepxaHue °Sr — Hxe ypoBHS
BMELLATENbCTBA Ha [ABA NOPSAKA BENNYNH.

Ha puc. 1 nokasaHO uW3MeHeHWe coaepXaHus
TEXHOTEHHbIX PAAMOHYKNIMAOB B Boge benospckoro
BogoxpaHunmwa ¢ 2014 . (HyneBon ypoBEHb nepep
nyckom 4-ro aHepro6noka) go 2017 r. (nocne seoaa
B akcryaTaumio 4-ro 6noka BA3C). NokasaHo, 4To
BO BCEX PEMEPHbIX TOYKAX 32 YKa3aHHbIN Nepuoa npo-
M30LLO CHMXEeHWe cogepxaHus '¥Cs. Tak, B cbpoc-
HOM kaHane 4-ro aHeprobsioka 06beMHas akTUBHOCTb
pagnoHyknmaa cHmaunace B 1,4 pasa, B panoHe brno-
dusunyeckon ctaHumn — B 5,9 pasza (p < 0,05), B Ten-
nom 3anmee — B 5,3 pasa (p < 0,05), a B peke lNbiuma
HVXXe NaoTuHbI — B 3 pasa (p < 0,05).

M3meHeHns copepxaHua °°Sr B Boge BOAoOXpa-
HUMMLLA 3a YKa3aHHbIV MEPNOL MEHEE 3HAYUTENbHBbI
1 B oTmume ot '¥’Cs He numetoT o0Let TeHOeHUUN, Xa-
pakTepHoI Ans BCex pernepHbIX Todek (Tabn. 2). Tak,
B Boge Ternsnoro 3anuea copepxxaHume °Sr octanocb
NpakTU4Yeckn Ha NpexXHeM ypOBHe, B BoAe COPOCHOro
kaHana 4-ro 65oka xoTb 1 yBenMyinnochb Ha 21 %, HO
B npeaeniax ctatTucTn4eCckom norpeLwHocTn. B penep-
HbIX TO4YKax, PaCMONIOXEHHbIX B panoHe buodpunsnye-
CKOW CTaHuuM 1 Ha peke lMbllwmMa, oO6beMHast akTuB-
HocTb Sr ymeHblumnacs B 1,8 (p < 0,05) n 2,2 pasa
(p < 0,05) COOTBETCTBEHHO.

ConepxaHve pagvoHyKIVAOB B BOAHbIX pacte-
Husix. BogHble pacTeHus NornowaloT NocTynakoLwme

tivity decreased by 1.4 times in the 4" NPP
Unit discharge channel, by 5.9 times in the
Biophysical station area, by 5.3 times in the
Warm Bay and by 3 times in the Pyshma Riv-
er area lower the dam.

As for the changes in °°Sr content in the
water of the cooling pond, they are less sig-
nificant over the indicated period and, un-
like '¥7Cs, do not have general tendency typ-
ical for all reference points (Table 2). Thus,
%Sr stayed practically the same in the water
of the Warm Bay, and, though increased by
21% in the water of the 4" NPP Unit dis-
charge channel, stayed within statistical
error. ®°Sr volumic activity decreased by 1.8
and 2.2 times in the reference points of the
Biophysical station area and the River Pysh-
ma, respectively.

Radionuclides in aquatic plants. Aquatic
plants absorb radionuclides released into
the water environment. In this regard the
concentration of many radionuclides may
stay high enough in plants tissues for a long
period of time exceeding their concentra-
tion in water by several orders of magnitude
[8]. °°Sr and '¥"Cs content in aquatic plants
of the Beloyarsk cooling pond is presented
in Table 3.

Four plant species of the cooling pond
were selected for research in 2017. They
are Potamogeton pectinatus, Ceratophyl-
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PaiioH buodusunyeckoi
cTaHymm

Biophysical Station Area

CObpocHon KaHan
4-ro 3Heprobnoka

4" NPP Unit Discharge
Channel

T
Tennbin 3anus peka lNblwMa, Hke NNOTUHbI

The Pyshma River,
Area Lower the Dam

VWarm Bay

Puc. 1. CoaoepxaHune pagnoHyknnaoB B BoAe Bogoema-oxnagutens benosapckon ASC B 2014 r. n 2017 r.
Fig. 1. Radionuclides Content in the Water of the Beloyarsk NPP Cooling Pond in 2014 and 2017.
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Ta6nnuya 2

CopepxaHve paanoHyknnaoB B Bofe benosipckoro Bogoxpanunmiia
Table 2. Radionuclides Content in the Water of the Beloyarsk Artificial Lake

4" NPP Unit discharge channel Repeated sample No.1
MoeTopHas Ne 2
Repeated sample No.2
CpepHsis

Average sample
[MoBTOpHas Ne 1
Repeated sample No.1
MosTopHas Ne 2
Repeated sample No.2
CpepHsis

Average sample
MosTopHas Ne 1
Repeated sample No.1
MoBTopHas Ne 2
Repeated sample No.2
CpepHsisi

Average sample
MosTopHas Ne 1
Repeated sample No.1
MosTopHas Ne 2
Repeated sample No.2
CpepnHssa

Average sample

ParoH Bnodusunyeckom ctaHuum
Biophysical station area

Tennbin 3anmB
Warm Bay

p. MbllwMa, HUXe NAOTUHBI
The Pyshma River, area lower the dam

MecTo oT60pa Npo6 Mpo6a Pagvionyknug, Bk/kr  Radionuclide, Bg/kg
Sampling Site Sample ¥7Cs 08r
C6pocHom kaHan 4-ro aHeproboka MosTopHas Ne 1 0.0073 £ 0.00068 0.024 £0.002

0.0055 +0.00045 0.010 = 0.0007

0.0064 £ 0.0009 0.017 £0.007
0.0025 £ 0.00037 0.014 £ 0.0009
0.0039 *+ 0.00034 0.008 £ 0.0005
0.0032 £ 0.0007 0.011+0.003
0.0045 £ 0.00031 0.010 +£0.0007
0.0034 £ 0.00045 0.016 £0.001
0.0040 £ 0.0006 0.013 +£0.003
0.0029 £ 0.00039 0.006 = 0.0004
0.0036 +0.00028 0.016 = 0.001

0.0033 +0.00035 0.011 £0.005

B BOOHYIO Cpeny pagvoHyKuapbl, NPy 3TOM KOHLEH-
Tpauuss MHOMMX U3 HUX B TKAHAX PACTEHUA MOXET
ONUTENbHOE BPEMS MOAAEPXMBATLCS HA BbICOKOM
YPOBHE, MPEBbLILIAOWEM Ha MOPSOAKA BEINYUH UX
KoHUeHTpauuio B Boge [8]. Cogepxanune *Sr n ¥Cs
B BOOHbIX pacTeHunsax benosapckoro BoooxXpaHunmLia
nokasaHo B Tabsn. 3.

B 2017 r. Ha BogoxpaHunuwe oTobpaHbl oS Uc-
cnegoBaHns YeTblpe BUAA BOOHOW PACTUTENBHOCTU:
pOecTt rpebeHvaTtblii, POroJIMCTHUK TEMHO-3€J1EHbIN,
cnuporupa, knagodopa. lNokasatenbHo, 4TO B psge
penepHbIX TOYEK AN MCCNeaoBaHus yaanocb OTO-
OpaTb aHasiormyHble BuAObl pacTeHunin. PpecTt rpe-
O6eHyaTbIn 0TOOpaH B cOPOCHOM KaHane 4-ro 6noka
1 peke lbilwmMa. YCTaHOBNEHO, YTO B PACTEHUSX U3
peku Mbilwuma copnepxaHue *°Sr B 1,4 pasa, a *Cs
B 3,1 pasa Bblle, 4eM B paecTte rpebeHyaTtomMm m3
cObpocHoro kaHana 4-ro 6noka. PoronnctHuk tem-
HO-3eNeHbI nccneposaH B paroHe brodunsnyeckom
cTaHuun n Tennom 3anuee. [pn 3TOM coaepxaHue
¥7Cs B 2,7 pasa Bbllle B pacTeHUsX, 0TOOpPaHHbIX
13 Tennoro 3anuBa, a cogepxaHue °°Sr, HaNPOTUB,
B 1,7 pasda okasasiocCb Bblle B POrOJIUCTHUKE B pain-
OHe bnodunanyeckom ctaHunn.

B 2014 r. n3-3a HeGNaronpuaTHbIX NOrOAHbLIX YC-
JI0BUIA B 4,OCTATOYHOM KOJIMYECTBE YAaN0Ch 0TOOpaTh
M nccnenoBaTb TONbKO ABA BMAA BOAHbLIX PACTEHUN:
POrofICTHUK TEeMHO-3eNeHbll U3 Tennoro 3anuea
M paect rpebenHyaTbiii U3 MpoMIMBHEBOro KaHana.

lum demersum, Spirogyra and Cladophora.
It is revealing that it was possible to select
similar plant species in a number of refer-
ence points. Potamogeton pectinatus was
sampled in the 4" NPP Unit discharge chan-
nel and the Pyshma River. It is found that
plants from the Pyshma River had 1.4 times
%Sr and 3.1 times '¥’Cs higher concentra-
tion than Potamogeton pectinatus from the
4™ NPP Unit discharge channel. Ceratophyl-
lum demersum was studied in the Biophysi-
cal station area and the Warm Bay. Herewith,
87Cs concentration was 2.7-fold higher in
the plants from the Warm Bay in contrast to
%0Sr which appeared to be 1.7-fold higher in
Ceratophyllum from the Biophysical station
area.

In 2014 due to unfavourable weather con-
ditions it was possible to sample sufficiently
and study only two plant species: Cerato-
phyllum demersum from the Warm Bay and
Potamogeton pectinatus from the Indus-
trial-storm water channel. Ceratophyllum
demersum from the Warm Bay had almost
similar '3Cs for 2014 and 2017, with a little
difference within statistical error. As for ®°Sr,
there are significant differences. **Sr content
was 4.3 times higher (p < 0.05) in 2014 com-
paring to 2017 (Figure 2).
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CopepxaHune pagruoHyKINA0B B BOOHbIX PACTEHUAX
Table 3. Radionuclides Content in Aquatic Plants

Ta6nuua 3

MecTo oTbopa npood Bupa pacteHus Mpoba ;:gﬁ?\:%mnsii{g
Sampling Site Plant Species Sample Cs %05y
C6pocHoli kaHan 4-ro aHeprobnoka Poect MosTopHas Ne 1 8.7+1.1 13.0+ 1.1
4" NPP Unit discharge channel rpebeHyaTbI Repeated sample No.1
Potamogeton MosTopHas Ne 2 12.9+1.3 16.2+1.3
pectinatus Repeated sample No.2
CpepHsia 10.8 2.1 146+1.6
Average sample
PanoH Brodusunyeckon ctaHumm PoronnctHuk [MosTOpHas Ne 1 11.5+£1.5 10.3+£0.9
Biophysical station area TemMHO-3eneHbin | Repeated sample No.1
Ceratophyllum MoeTopHas Ne 2 126+1.4 14.2+2.1
demersum Repeated sample No.2
CpepnHsisa 12.05+0.55 12.25+1.95
Average sample
Tennbin 3anne PoronnctHuk [MosTOpHas Ne 1 31.9+1.7 56+0.4
Warm Bay TemMHO-3eneHbin | Repeated sample No.1
Ceratophyllum MosTopHas Ne 2 33.3%1.5 8.9+0.7
demersum Repeated sample No.2
CpepHsis 32.6+0.7 7.25+1.65
Average sample
Cnuporupa [MoBTOpHas Ne 1 21.1+1.9 26.3+1.2
Spirogyra Repeated sample No.1
MoBTopHas Ne 2 26.6+1.3 35.1£4.6
Repeated sample No.2
CpepnHsia 23.85+2.75 30.7+4.4
Average sample
p. Mbiwma, HXe NIOTUHBI Poect MoeTopHasa Ne 1 33.4+2.1 22.4+2.18
The Pyshma River, area lower the dam | rpebeHyaThblit Repeated sample No.1
Potamogeton MosTopHas Ne 2 33.5+1.8 18.2+0.67
pectinatus Repeated sample No.2
CpenHsis 33.45+0.05 20.3+2.1
Average sample
Knapgodopa MoBTopHas Ne 1 32.8+1.6 36.6 +£3.97
Cladophora Repeated sample No.1
MoBTopHasn Ne 2 28.5+1.9 32.4+1.96
Repeated sample No.2
CpenHsisa 30.65+2.15 34.5+2.1
Average sample

CopepxaHue ¥’Cs B pOrosIMCTHUKE TEMHO-3eJ1IeHOM
n3 Tennoro 3anuea B 2014 . n 2017 r. conocTaBMMO
Mexay coboin, Hebonbluas pasHuLA yKiaabiBaeTcs
B Mpenenbl CTaTUCTUYECKOW norpewHocTu. Mo co-
nepxaHuto *°Sr pasnnuusa cyuwiecTtBeHHble. B 2014 r.
conepxaHue °°Sr B 4,3 pasza 6bis10 Bbiwe (p < 0,05),
yem B 2017 . (puc. 2).

HakonuTesnbHyi0 CNOCOOHOCTb PaCTEHMIA OLLeHU-
BaNu BeJINYMHON KO3pduumeHTa HakonneHnsa (KH),
npeacTaBnsiowero cobol  OTHOLIEHWE  KOHLEH-
TpauMn HyKIMga B PacTEHMSX K ero KOHUeHTpauum
B Boge. KH pagmoHyknngooB B BOAHbLIX PaCTEHUSX
B 2017 r. npencTaBneHsl Ha puc. 3.

Bonee Bbicokve KHy BCcex BUAOB BOOHbLIX paCcTEHUN
rnony4derbl ansa '3’Cs (ot 1688 oo 10136 en.). Ons °°Sr
nokasatenu KH Heckonbko Hmxe — o1 558 no 3136. No
MeCTy npouspacTtaHus Hanbonee Bbicokne KH ¥7Cs

Plant accumulation capacity was eval-
uated using concentration factor (CR), i. e.
ratio of nuclide concentration in plants to its
concentration in water. Radionuclides CR in
plants for 2017 is presented in Figure 3.

Higher CR for all species of aquatic plants
is obtained for '*’Cs (from 1,688 to 10,136
units). *°Sr CR is slightly lower — from 558 to
3,136. Regarding plants origin, the higher
37Cs CR was observed for species from the
Warm Bay and the Pyshma River. Regarding
plant species, the higher ¥"Cs CR was ob-
tained for Potamogeton pectinatus (10136)
and Cladophora (9288) from the Pyshma
River; it is slightly lower for Ceratophyllum
demersum (8150) and Spirogyra (5963)
from the Warm Bay. ®°Sr CR appeared to be
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Tennblit 3anuB PaiioH Buodusnyeckoi MpoMavBHEBbLIN COpOoCHOI KaHan peka Mbiwma,
CTaHLm KaHan 4-r0 3Heprobnoka HIDKE MNOTUHbI
Warm Bay Biophysical Station Area  Industrial-Storm 4™ NPP Unit Discharge The Pyshma River,

Water Channel Channel Area Lowerthe Dam

Puc. 2. ConepxaHve pagnoHyknaoB B POroIMCTHUKE TEMHO-3€/1EHOM 1 paecTe rpebeH4yaTom
Bogoema-oxnagutensa benospckon ASC B 2014 r.n 2017 r.

Fig. 2. Radionuclides Content in Ceratophyllum Demersum and Potamogeton Pectinatus
of the Beloyarsk NPP Cooling Pond in 2014 and 2017

Habnogannck y pacteHnin 3 Tennoro 3anvea 1 peku
Mbiwma. Mo Bnoam pacteHuin BbiCOkMe 3HavYeHus KH
87Cs nonyyeHbl onsa paecta rpedeHyatoro (10136)
n knapgodopbl (9288) ns pekn lbiuma, HECKONBKO
HUXE — O POroIMCTHUKA TEMHO-3eneHoro (8150)

Eaunny Units

lower: 3,136 for Cladophora from the Pysh-
ma River, 2,362 for Spirogyra from the Warm
Bay. Yet lower CR was observed for Cerato-
phyllum demersum from the Biophysical sta-
tion area ('*"Cs — 3,766 units and *°Sr -1,114

10 136
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Paecr PoronucTHik TemMHo-3eneHbii Cnuporupa Ppect
rpebenuarsii Paiion Tennwiit 3anue rpebeHuarslit Knagogopa

C6pocHoii KaHan  Byoguanueckoit

peka MblwmMa, HKe NNOTHHBI

4-ro 3neprobnoka CcTaHuum
Potamogeton  Ceratophyllum Demersum  Spirogyra Potamogeton Cladophora
Pectinatus Biophysical Warm Bay Pectinatus
4"NPP Unit  Station Area The Pyshma River, Area Lower the Dam

Discharge Channel

Puc. 3. KoappunumeHTbl HakonneHns paamoHykInaoB B BOAHbIX pacTeHMSX BogoemMa-oxnaautens benosipckon ASC.
Fig. 3. Concentration factors of radionuclides in Aquatic Plants of the Beloyarsk NPP Cooling Pond.

78 Medico-Biological and Socio-Psychological Problems of Safety in Emergency Situations. 2018. N 2



Menuko-6ronoruyeckne 1 counanbHO-NCMXoNornyeckme npobnemsl 6e30nacHOCTY B Ype3BblyaiiHbix cuTtyaumsix. 2018. Ne 2

1 cnuporupsbl (5963) 13 Tennoro 3anuea. Ans *°Sr KH
okasanmcb 6osee HU3KUMU, Tak y Knagodopbl N3 pekun
Meituma KH coctasun 3136, y cnvpormpel u3 Tennoro
3anvBa — 2362. Ewe 6onee Hu3kne KH 6111 otmede-
Hbl Y POroOJIMCTHMKA TEMHO-3E1IeHOro B panoHe buo-
duamyeckon ctaHumn (3766 en. no *’Cs n 1114 en.
no %Sr) n poecta rpedbeH4yaToro N3 COPOCHOIro kaHana
4-ro aHepro6noka (1688 en. no *’Cs 1 859 ea. no *°Sr).

Mo cpaBHeHuto ¢ 2014 . 8 2017 . KH B uenom anga
137Cs HecKoNbKO BbIpoc/an, a ans *°Sr —CHU3WINCH.
Tak, Ons pPOrosiMCTHMKA TEMHO-3eNIeHOro n3a Tensno-
ro 3anmea KH no '¥"Cs yBenuuuncs B 5,9 pasa, a no
%0Sr, HanpoTMB, yMeHbLUWICA B 4,7 pasa. [ns paoecTa
rpebeHyaTtoro 3 MpomMnMBHEBOro kaHana aHasora
B 2017 . HeT, aB 2014 . ero KH cocTaBunm 2656 ega.
no ¥’Cs n 4706 en. no *°Sr.

O6cyxaeHne. W3BeCTHO, 4TO pPaanNoOHYKIMAb
B KOMIMOHEHTAx MNPECHOBOOHbIX 9KOCUCTEM pac-
npenensitoTcd HepaBHOMEPHO. Ha OCHOBaHMM MHO-
rofIieTHUX HaTypHbIX WCCNeaoBaHuii, ObINo ycTa-
HOBJIEHO, 4YTO OCHOBHbIM [Erno PaanoOHYKINAOB
B MPECHOBOAHbLIX BOAOEMaXxX SABNSAOTCA AOHHbIE OT-
JIOXEHUS, a B pekax — NoMeHHbIe MO4YBbl U OOHHbIE
OT/IOXEHUNS MOVNMEHHbIX BOAOEMOB, KOTOPbIE MOITI0-
watot 6onee 80 % paaMOaKTMBHbIX BELLLECTB, 3aTEM
cnenyeTt BogHasi KOMMNOHEHTa (B npefenax ot Jonen
npoueHTta a0 20%) 1, HakoHeLl, rMAPOOUOHTHI (Tak,
MakpodUTbl MOTyT akKyMyJIMpoOBaTb B 0OLLEN CIoX-
HOCTM OOJN MPOLUEHTa OT CYMMAapPHOI akTUBHOCTU
B BOgoemMe). Ho npu 31OM cnenyet ydnTbiBaTb, YTO
[OHHbIE OTIIOXEHNS XOTb M HaKanJMBaT 3HAYNTESb-
HOE KOJINYECTBO PaAMOHYKINAOB, HO OTPaXaloT MX
VIHTEerpaJsbHble 3anachbl, akKyMy/IMPOBaHHbIE 32 MHO-
rofieTHU Nepuon CyLecTBOBaHNSA BogoemMa. bonee
onepaTuBHYIO MHPOPMALMIO O TEKYLLEM COCTOSIHUMU
BOZHOI0 00bEeKTa MOXHO MONy4YnTb MO pesyfbratam
nccneooBaHMs BOAbl M BOAOHOM pPaCTUTENIbHOCTMU.
PegynbTratbl MCccnenoBaHMs BOAbI OTPaXaloT B OC-
HOBHOM CBeXue 3arpsa3HeHunst, a MakpopuTbl akKy-
MYIMPYIOT PAANOHYKIINAbI B TEYEHNE BEreTaTMBHOMO
nepuopna. Pesynstatel nccnemoBanus Boabl B 2017 1.
MoKasbIBalOT, YTO, HECMOTPS Ha BBOA AOMOJIHUTESb-
HbIX MOLHOCTen Ha BA3C, BO BCex penepHbIX TOHKax
(Bkntoyass cbpocHoi kaHan 4-ro aHeprobnoka) Mo
cpaBHeHutio ¢ 2014 r. HabnoAaNoCh CyLLEeCTBEHHOE
CHuxeHune copepxanus '¥’Cs B Boge B 1,4-5,9 pasa,
4YTO yKa3bIBa€T Ha OTCYTCTBME OOMOJIHUTENIbHOIO Mo-
CTYM/IEHNA pPaguMoHyKIMaa B BOOOEM-OXJaauTesb
nocre nycka B akcrnjyaraumto 4-ro aHeprobnoka.

M3meHeHns copepxaHus °Sr meHee 3Ha4YnMbl
M He MMeloT 0bLEeBbIpaXKeHHOM TeHaeHUMK. B Boae
Tennoro 3anvBa cogepxaHue *Sr He U3MEeHWUsoCh,
B Boge cOpocHOro kaHana 4-ro 650ka — He3Hauun-
TeIbHO YBENMYUIIOCh B Mnpeaenax CTaTUCTUYeCcKOoMn
MOrpeLHOCTH, a B parioHe bruodpunamnyeckom ctaHumm
u peke lbilma — ymeHbLumnoce B 1,8 u 2,2 pasa co-

units) and Potamogeton pectinatus from
the 4™ NPP Unit discharge channel (**"Cs -
1,688 units and °°Sr — 859 units).

In general, ¥"Cs CR slightly increased
and *°Sr CR decreased in 2017 comparing to
2014. Thus, '¥Cs CR increased by 5.9 times
whereas °°Sr CR decreased by 4.7 times for
Ceratophyllum demersum from the Warm
Bay. There was impossible to compare CR
for Potamogeton pectinatus from Industri-
al-storm water channel in 2017, but its '*Cs
CRwas 2,656 units and *°°Sr CR - 4,706 units
in 2014.

Discussion. It is known that radionuclides
in freshwater ecosystems components are
distributed unevenly. Long-standing nature
research has found that the main radionu-
clides depots in freshwater lakes are ben-
thal deposits, in rivers — flood plain soils and
flood plain lakes benthal deposits which
absorb over 80% of radioactive substanc-
es. They are followed by water component
(from a fracture of a percent to 20%) and
finally by hydrobionts (as macrophytes can
accumulate in total fractures of a percent
from the total radionuclide activity in the
lake). Herewith, it should be borne in mind
that benthal deposits may accumulate a sig-
nificant quantity of radionuclides, but reflect
their integral stocks accumulated over the
long time period of the lake existence. More
operative information on present state of the
water object can be obtained using the re-
sults of water and aquatic plants research.
Water research results reflect basically fresh
contamination, while macrophytes accumu-
late radionuclides during the vegetative pe-
riod. Despite BNPP additional unit commis-
sioning, the results of water research in 2017
showed that all reference points (including
the 4™ NPP Unit discharge channel) had
a considerable '*"Cs decrease by 1.4-5.9
times in the water comparing to 2014, i. e.
indicating the absence of additional radionu-
clides release into the cooling pond after the
4" Unit commissioning.

%Sr changes were less considerable,
without clear trends. ®°Sr concentration did
not change in the water of the Warm Bay, in-
creased slightly within statistical error in the
water of the 4" NPP Unit discharge channel,
decreased by 1.8 and 2.2 times in the Bio-
physical station area and the Pyshma River,
respectively. Such different scenarios can
be explained by different mechanisms of ra-
dionuclides release into the cooling pond. If
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OTBETCTBEHHO. Takoe pasHoe noBedeHne PaaUnOoHY-
KJNAOB MOXHO OOBSCHUTL PasHbIMU MExaHM3MaMm
VX MNOCTYMJeHus B BOJOEeM-oxnagutens. Ecnn oc-
HOBHbIM MyTem nocTtyrnnexnus *’Cs B BogoeM-oxna-
anTtenb Bcerga cumtancd NpomMnmBHEBLIN KaHan, T. €.
CMbIBbl C TEPPUTOPUN CTaHLMKN, HANPOTKUB, *°Sr nme-
€T B OCHOBHOM riobasibHoe MPOUCXOXAEHNE U He
CBSI3aH C AeATEeNbHOCTbIO aTOMHOWM CTaHLMN.

OTcyTCTBME AOMOMHUTENBHOrO MOCTYMAEHUs pa-
ONOHYKNMA0B ¢ 4-ro aHeprobnoka noareepxaaercs
Takke OTHOCUTENIbHO HU3KUM COAEPXAaHVUEM NOCNea-
HUX B BOOHbIX pacTeHnsix cOpocHoro kaHana. MNpobsl
paecta rpebeHyaToro 6bin1 oTobpaHbl NapannesnbHo
B cOpPOCHOM kaHarne 4-ro 6noka v peke lNbilumMa Huke
NIOTUHBI, TOe WUHTErpupyloTcs Bce cOpockl C BOAOO-
ema-oxnagutensa. B peaynbrate cogepxaHune '¥'Cs
B paecTte rpebeH4yaToM n3 cOPOCHOro kaHana okasa-
nocb B 3,1 pasa Huxe, a *°Sr — B 1,4 pasa Huxe, 4em
13 pekun MNbiwma.

JnHammka n3mMeHeHns CoaepXaHus PaanoHyKIn-
0oB B BogoemMe-oxnaautene B nepmog 2014-2017 rr.
MOJIHOCTBLIO COrnacyeTcss ¢ MHOrOJeTHMMU MPOLLEC-
camMu, NPOUCXOAALWMMI B JAHHOM BOAHOMN 3KOCUCTE-
Me. Tak, no peaynbratam yrybieHHOro pagnoako-
nornyeckoro obcnefoBaHUs BOAOEMa-oXnaanTens
B 2011 r. n B CpaBHUTENbHOM acrnekTe ¢ paHee npo-
BeAEHHLIMW MHOMONIETHUMU HabnoaeHuaMn B 1976—
1987 rr. 6b1710 NOKA3aHO, YTO Ha MPOTSXEeHUn donee
yem 20-neTHero nepuoga MNpPom30LLI0 CYLLECTBEH-
HOE CHWXEHME COOEepXaHus PaanoHYKIMOOB B OC-
HOBHbIX KOMMOHEHTax BogoemMa-oxnagutena BASC.
O6beMHas akTuBHOCTbL ©°Co B Boge Tennoro 3anvea
ymeHbLmnack B 800 pas 1 6onee, B [IpOMAVBHEBOM
kaHane — B 5600 pa3. O6beMHasa akTMBHOCTb '*'Cs
B Boge Tensioro 3anvBa yMeHbluMnacb 6onee 4yem
B 100 pas, a B Boae 13 NpoMnArMBHEBOrO KaHana — CHu-
3unack B 386 pa3. O6bemHas akTUBHOCTb *°Sr B Tex
Xe Toukax CHu3unack B 3 1 5,7 pasa COOTBETCTBEHHO.
CTOonb CyLLECTBEHHbIE N3MEHEHUST PAAVNO3KONOrMye-
CKOro coCTosiHMSa Bogoema-oxnaamtens B 2011 . no
cpaBHeHntio ¢ 1976-1987 rr. cTanu BO3MOXHbI Mofg,
B/ISSHWEM psifia NpuYvH. Bo-nepBbiX, BbIBOA, U3 3KC-
nayaTtaumm 1-ro v 2-ro 6nokos BA3C. Bo-BTOpbIX, Kak
pesynstat paboTbl B 60J1bLLOM BpEMEHHOM AManaso-
HE MEXaHN3MOB CaMOOYUNLLEHNSI BOOHOM SKOCUCTEMBI
OT PaAMOHYKITMO0B 3a CHET pacnaga PaanoakTUBHbIX
BELLLECTB, a TaKkke MEXaHN3MOB rnepepacnpeneneHuns
PaANOHYKITMO0B U3 BOAbI B APYrMe KOMMOHEHThI, Npe-
/e BCEro — B OHHbIE OT/IOXEHUS [7].

Takum o6pa3om, BBOA, B 3KCrlyaTaumio aHep-
robnoka BH-800 BASC He conpoBoxpgancs [onos-
HUTENBbHOMN pagunaunOHHOM Harpyskom Ha BOAO-
emM-oxJlaguTeNnb M He OKa3biBal OTPULATENBHOIO
BAIMSIHNS HA MPOLECChl CaMOOYULLEHUS, KOTOpPbIE
HaMeTUNUCb B LAaHHOMW BOLHOM 3KOCUCTEME Mocne
BblBOAA M3 akcryaTtaumm 1-ro n 2-ro 6nokos BA3C.

Industrial-storm water channel has always
been considered as a main source of '*Cs
entry into the cooling pond, i. e. washouts
from the station territory; *°Sr, on the con-
trary, has mainly a global origin and is not re-
lated to the NPP operation.

Absence of additional radionuclides from
the 4™ NPP Unit is also confirmed by their
relatively low concentration in the aquatic
plants of the discharge channel. Potamoge-
ton pectinatus was sampled simultaneously
in the 4" NPP Unit discharge channel and the
Pyshma River area below the dam where all
discharges from the cooling pond are inte-
grated. The content of '¥’Cs and *°Sr in Pot-
amogeton pectinatus from the 4" NPP Unit
discharge channel was 3.1 and 1.4 times
lower than from the Pyshma River, respec-
tively.

Changes of radionuclides concentra-
tions in the cooling pond over the period of
2014-2017 are completely consistent with
long-standing processes of the present wa-
ter ecosystem. Thus, advanced radioeco-
logical research of the cooling pond in 2011
comparing to earlier long-time observa-
tions in 1976-1987 showed a considerable
decrease in radionuclides concentration
in main components of the BNPP cooling
pond over more than 20-year period. °Co
volumic activity in the water of the Warm
Bay decreased by 800 times and more, in
Industrial-storm water channel — by 5,600
times. '¥Cs volumic activity in the water of
the Warm Bay decreased by over 100 times
and in Industrial-storm water channel — by
386 times. °°Sr volumic activity in the same
points decreased by 3 and 5.7 times, respec-
tively. Such considerable changes in radio-
ecological state of the cooling pond in 2011
comparing to 1976-1987 became possible
due to a number of reasons. Firstly, 15t and
2" BNPP Units were decommissioned. Sec-
ondly, it was the result of long-time work of
mechanisms of water ecosystem natural pu-
rification from radionuclides by radioactive
substances decay as well as mechanisms
of radionuclides redistribution from water
into other components, to benthal deposits
above all [7].

Thus, the BN-800 Unit commissioning
was not associated with additional radiation
load on the BNPP cooling pond and did not
deleteriously affect the natural purification
processes started after BNPP 1t and 2
Units decommissioning.
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BoiBogbl

1. Mocne BBOAA B 3KCMyaTaLMio 3Heprob1o-
ka BH-800 B Boge benosipckoro BogoxpaHunm-
wa Habnooanocb CHMXeHne cogepxaHusa '3'Cs
B 1,4-5,9 pasza no cpaBHeHuio ¢ 2014 . (Hyne-
BOW YpPOBEHb MNepep, NyckoM aHeprobsioka), 4to
CBUOETENIbCTBYET 00 OTCYTCTBUM OOMOJIHUTE b-
HOro MOCTYIJIEHUS PaAVOHYKIMOa B BOOOEM-
oxaanTenb.

2. NameHeHus copepxaHus *°Sr meHee 3Ha-
YAMbl U HE UMEIDT O0OLLEBbIPAXKEHHON TEHOEH-
uMn. 9T0 0OBACHAETCSH Pa3HbIMU MEXaAHNU3MaMU
MOCTYMNJIEHNS PaAMOHYKINAOB B BOAOEM-0XJia-
ontens. OCHOBHbIM nyTem nocTtyrnneHus ¥’Cs
B BOOOEM-OXJlaauMTeNnb Bcerga sasnsica [pom-
JIBHEBbI KaHas, T.e. CMbIBbl C TEppUTOpPUU
cTaHumn. °°Sr, HaNpoTMB, MMeeT B OCHOBHOM
rnobasnbHoe NPOUCXOXIAEHNE U HE CBA3aH C Ae-
ATENbHOCTbIO aTOMHOWM CTaHUWN.

3. OtcyTtcTBME OOMNOAHUTENBHOrO MOCTYnM-
NIeHNs1 pPaguoHyKNMOoB C 4-ro 3Heprobnoka
BH-800 noaTeBepxpaeTcs pesdynstatamm nUccne-
[OBaHWs napanfefbHbix NPo6 BOAHbIX PACTEHNI
13 cOpocHOoro kaHana 4-ro aHeprobnoka n peku
MblluMa HWMXE MNNOTUHBI, TOEe WHTErpupylTcs
Bce cbpockl ¢ BogoeMa-oxnagutens. Conepxa-
Hue '¥Cs B paecte rpedbeH4yaTtoM n3 cOPOCHO-
ro kaHana okasasnocb B 3,1 pasa Huxe, a *Sr —
B 1,4 pasa Huxe, 4yeM 13 peku lMeiwma.

4. InHammka N3MeHeHNs cogepXxaHns pagmo-
HYKIMOOB B BOAOEME-OXNaaMTene B nepuom,
2014-2017 rr. B NONIHOWM Mepe corniacyeTcs ¢ 00-
WMMM NpoLUeccamMm CaMOOYMLLIEHWNS, KOTOPbIe
cTam BO3MOXHbl B OAHHOW BOOHOW 9KOCUCTE-
Me Mnocre BbiBoAa 13 akcrnyatauym 1-ro n 2-ro
6nokoB Benosipckoii ASC.
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Conclusion

1. After BN-800 commissioning, '*’Cs de-
creased by 1.4-5.9 times in the water of the Be-
loyarsk artificial lake comparing to 2014 (zero
level before the unit commissioning) confirming
the absence of additional radionuclides entry
into the cooling pond.

2. Changes in °°Sr content are less consider-
able and have no general trends, which can be
explained by different mechanisms of radionu-
clides release into the cooling pond. Industri-
al-storm water channel has always been a main
source of '¥Cs entry into the cooling pond, i. e.
washouts from the station territory; °°Sr, on the
contrary, has mainly a global origin and is not re-
lated to the NPP activity.

3. Absence of additional entry of the BN-800
Unit radionuclides is also confirmed by research
of parallel samples of the aquatic plants from the
4" NPP discharge channel and the Pyshma Riv-
er area lower the dam where all discharges from
the cooling pond are integrated. The content of
87Cs and °°Sr in Potamogeton pectinatus from
the 4" NPP Unit discharge channel was 3.1 and
1.4 times lower than from the Pyshma River, re-
spectively.

4. Changes in radionuclides concentrations in
the cooling pond over the period of 2014-2017
are completely consistent with general process-
es of purification, which became possible in the
present water ecosystem due to the 1%t and 2™
BNPP Units decommissioning.
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OT60p Npob maTepunana n3 BogoeMa-oxnaamTens, NnpobonoaroToska u UsmepeHune KoHueHTpauuin '*’Cs n °°Sr B Boge 1 Bof-
HbIX PACTEHUSIX, @ TaKXKe UHTeprpeTaLmsa pe3ynbTaToB BbINMOJIHEHbI B paMKax rocyAapCTBEHHOro 3aganus MIHCTUTyTa akono-
N pacTeHuii N XMBOTHbIX YpO PAH.
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