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MNEPBBIE PE3YJIbTATbI PAAUO3KONOMUYECKOrO UCCNELQOBAHUSA
BOAOEMA-OXNTABMTENS BENIOSPCKOI A3C NOCNE BBOJA
B 9KCMJIYATALMIO 4-r0 SHEPrOBJIOKA BH-800

VIHCTUTYT 3KONOrMM pacTeHUit U XUBOTHBIX Ypanbckoro otaeneHus Poccuiickoil akagemum Hayk
(Poccus, r. Ekatepuhbypr; yn. 8 Mapra, a.202)

AKTyansHOCTb. BBOA, B 3KCMANYaTaLMIO HOBbIX MOLLUHOCTEN Ha AENCTBYIOLLUX aTOMHbIX QNEKTPOCTaHLUMUAX MO~
XET GbiTb CONPAXEH C yBEAUYeHUEeM PafuauvoHHOM Harpyaku Ha NpUPoAHYI0 cpeany v yenoseka. Ha Benosip-
CKOI aTOMHOI1 CTaHLumu (BA3C) B 2016 . GbIN BBEAEH B okcnnyatauuio 4-ii aHepro6nok EH-800. B kauecTse
BOAl0EMa-OXNaauTens ucnonbayetcs obpasosaHHoe B 1959-1963 rr- Benospckoe BopoxpaHunuie. Mepen
nyckom 6noka BH-800 B 2014 r, 6bino NPOBEAEHO paanoaKonoruieckoe obenenoBaHue BOAOEMa-oxnaauTens,
PpesynbTathl KOTOPOro ony6nukosaHs! 8 Ne 2 gaHHoro XypHana 3a 2016 .

Llens — B cpaBHUTENbHOM acriekTe ¢ Pesyneratamv npeaslayLmx NCCneaoBaHunii Nokasars BAUSHUE nycka
aHepro6noka EH-800 Ha paguoakonoruyeckoe COCTOsiHVMe BofloeMa-oxnaauTens.

Metozonorus. UccneposaHbl npo6bl 8o v MaKpOUTOB (PAECT rPeGeHYaTLIA, POroAUCTHUK TEMHO-3ee-
HbIl, cnuporupa, Knanogopa) B penepHbIX Toukax BOAOEMa-oXnaauTens.

Pesynbrartsl u ux aHanus. YcTaHoBNEHO, 4TO cofepxaHue ¥7Cs B BOAE No cpasHeHuto ¢ 2014 r. Bo Bcex pe-
NePHbIX TouKax (BKNYas cOPOCHOM KaHan 4-ro 9Hepro6ioka) cHU3uNock B 1,4-5,9 pasa. ConepxaHue '¥’Cs
B paecTe rpebeH4aToM U3 c6pocHOro kaHana 4-ro aHepro6noka okasanocs B 3,1 pasa Huxe, a *Sr B 1,4 pasa
HWXE, 4eM B MakpopuTax 13 peku MbilMa HUXE NNOTUHBI.

3aknioyeHne. Beop, B aKcnnyartauuio aHeprobnoka EH-800 He CONpPoBOXAANCH AONONHUTENLHOW paauaum-
OHHOI HarpysKoii Ha BOLOXPaHUNULLIE U He OKa3biBaeT OTPULIATENLHOrO BAIMAHWA Ha NPOLLECCHI CAMOOYULLEHUS
BOAOEMa rocne BbiIBOAA U3 3KCMlyataumm 1-ro u 2-ro 610K0B Benosipckoit ASC. CoxpateHue B AansHeiwem
MP1POAHbLIX pecypcor Benospckoro BogoxpaHunuLLa npenonaraer cucTemMaTuyeckoe BefleHue paauoaKkono-
TUHECKOro MOHUTOPUHIa C Lenbio OnpeaeneHus yposHeit COAEPXaHNA AONTOXMUBYLLUX PAAUOHYKNUAOB B OG-
HOBHBIX NPUPOAHBLIX KOMMOHEHTaxX BOAOEMa-0XnaauTens.

Kniouessie cnoea: pagno6uonorus, YpesBblyaliHas cuTyaums, aToMHas BNEeKTPOCTaHuMs, BOAOEM-0Xna-
Aavtens ASC, aHepro6nok BH-800, TexHoreHHble PaavoHyknuAasl, BoAa, MakpopuTsl.
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FIRST RESULTS OF THE RADIOECOLOGICAL RESEARCH OF THE BELOYARSK NPP
COOLING POND AFTER THE 4™ UNIT BN-800 COMMISSIONING

Institute of Plant and Animal Ecology, Ural Branch of the Russian Academy of Sciences
(202, 8 March Str., Ekaterinburg, 620144, Russia)

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 '¥7Cs 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 1%t 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.
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Benosipckass  atomuas 3/1eKTPOCTaHLMSA
um. WU.B. Kypyatosa (BA3SC) pacnonoxena
B I. 3apeyHblii CBEPAIOBCKOM 061acTy — eauH-
CTBeHHas B Poccumn ASC ¢ pasHbIMK TUnamu pe-
aKTOPOB Ha OAHON MAoLWaaKe, caMas CTapas u3
AENCTBYIOLUUX HbIHE aTOMHbIX BNEKTPOCTaHLMIA,
Ha cTaHumm 6binu coopyxeHbl 4 3Heprobnoka: 2 —
C PeakTopamu Ha TennoBbIX HeMTPOHax U 2 — ¢ pe-
aKTopaMu Ha BbICTPbIX HetTpoHax. B HacTosLee
BPEMA Ha CTaHuuu 2 neicTeylowmx 6aoka: 3-i
3HEpro6noK ¢ peakTopom BH-600, 3anyLieHHbI
B akcrutyatauuio 8 anpens 1980r. dto nepsbIi
B MVPE 3HEePro610K NpoMbILNEHHOro MacLuTata
C PEAKTOPOM Ha BbICTPLIX HETPOHAX 1 4-1 610K
BH-800, koTopslit Takxe npeacraenset cobou
KpynHenwuii B Mupe AenCTBYIOWMIA aHepro6ok
C PEaKTOPOM Ha BbIGTPbIX HEATPOHaX.

Peaktop BH («BeicTpble HENTPOHbI») ABNsET-
Cs SkCnepuMeHTanbHo TexHonoruelt saepHoii
uHayctpun. B dusuke takoit peakTop eue Ha-
3bIBaIOT 6pPMAEPOM OT aHMUIACKOrO CoBa breed,
KOTOpOoe nepeBoauTCs «pasMHOXaTb». Broku
Tvna BH cnoco6Hel npovasoanTs nnyToHui. Co-
FMacHo MpoekTy, B peaktope BEH-800 nossons-
€TCS He TOJLKO UCMOMBL30BAaTL IHEPreTUYECKU
NAYTOHWIA, HO U nepepabaTbiBaTh OPYXEeWHBbI
NAYTOHUIA. Takxke 610K AaeT BO3MOXHOCTD yTU-
NU3NPOBaTL aKTUHUALI U3 OBNYYEHHOrO TONU-

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).
Itis 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 TEmnoBbIX HelTpoHax. BH-800
cynTaetca 6e30nacHol yCTaHOBKOM, peakTop 060-
PyAoBaH LOMOMHUTENBHOR CUCTEMO aBapuiiHO
3awmThl. OHa paboTaeT Ha OCHOBE MACCUBHLIX ale-
MEHTOB, KOTOPbIE aKTUBU3UPYIOTCA MPU MOBbILLE-
HUWM TeMnepaTypel Okpyxatowiein cpensl. Mpoekt
peaKkTopa COOTBETCTBYET BCEM 3KONOrU4YeCKUM
Tpe6osaHusM. Tak, AoOKyMeHTauueit rnpeaycmo-
TPEHO CokpalleHWe noTpebneHusi aTMochepHoro
Knucnopofa 1 opraHM4ecKoro Tonauea, yTunmaauus
NPOAYKTOB AENeHUs sAepHbIX MaTepuanos u apy-
TUX PafnOaKTUBHBIX OTXOA0B. DHepro6siok NpuasaH
CYLLECTBEHHO paclUPUTL TOMNUBHYIO 6asy aToM-
HOM 3HEpreTMKM U MUHUMWUIUPOBATL PaaMoak-
TVBHBIE OTXOAbI 3a CHET OPraHM3aLuM 3aMKHYTOro
SAEPHO-TOMNUBHOMO unkna [2, 4-6].

Mepsbie ABa 6510ka ¢ BOAOrPaBUTOBLIMU KaHANb-
HbIMU peakTopamu AMB-100 u AMB-200 dbyHkuUu1o-
Huposanu B 1964-1981 rr. u 1967-1989 rr. u 6bin
OCTaHOB/EHBI B CBA3M C BbIpaboTKoit pecypca. Ton-
JIMBO M3 PEaKTOPOB BbIFPYXEHO W HaXOOUTCs Ha
OJIUTENLHOM XpaHEeHUU B CneumanbHbix 6acceiiHax
BbIAEPXKU, PACMONOXEHHBIX B OHOM 3AaHWU C pe-
akTopamu. B pamkax BeiBoaa 1-ro u 2-ro 610K0B 13
aKkcryatauum ¢ 2017 r. Hayancsa BLIBO3 A[4epHoro
Tonnuea. Bce TexHonoruyeckue cuctemsi, paéota
KOTOpbIX He TpebyeTca Mo ycnoBusaM 6e3onacHo-
CTW, ocTaHoBfeHbl. B paboTe HaxopsiTcs TONbKO
BEHTUNALMOHHbIE CUCTEMbI AN NOAAEPXAHUA TeM-
NepaTypHoro pexuma B NMoMELEeHUsX U cuctema
PanuaunoHHOro KOHTpons, paboTa KOTOPbIX Kpy-
TNOCYTO4HO  oGecneymBaeTcs  KeanMdULMPOBaH-
HbIM epcoHanoM. B anpene 2014 r. HayaTbl paGoThi
no pasbopy peakTopos.

MpoekT peaktopa BH-800 npolwen sce aKcnep-
TU3bl 1 NPOBEPKYU. PeaynkTaThl BCeX NPOBEPOK Gbinu
nonoxutensHeiMu. U yxe B 1997 r. 6bina BbigaHa nu-
LieHsua locaTtoMHagzopa Poccun Ha YCTaHoOBKY pe-
akTopa. Hoeelit 4-i1 aHepro6nok BA3SC ¢ peakTopom
BH-800 27 viona 2014 1. 6bin BbIBEAEH HA MAHUMASTH-
HbIll KOHTPOMPYEMBIN YPOBEHb MOLLHOCTU, 10 neka-
6psa 2015 6510k Ne 4 BKIOYEH B CeTb U BblpaboTan
MEPBYIO 3/IEKTPOBHEPruio B dHeprocucTeMy Ypana.
17 ceHTabpsa 2016 1. sHepro6iok Ne 4 ¢ peakTopom
BH-800 BbiBeaeH Ha 100% MOLLHOCTY, @ 31 okTA6psa
2016r. -cnaH B NPOMBILLNEHHYIO 3KCNTyaTauumio.

Kak 1 niobass ASC, BASC senseTcs noTeHuunans-
HbIM MCTOYHUKOM 3arpsisHeHUst okpyxatolueli cpe-
Abl. BbIXOA paamvoakTUBHBIX BELLECTB BO BHELLHIOW
CPeAy MOXEeT NPOUCXOAUTL BO BPEMS LUITATHOI pa-
60Tl A3C, a valle Bcero NPpY BO3HUKHOBEHUW HELLI-
TaTHbIX CUTyaumii. 3a nepyod akcnnyatauuu BA3C
6LII0 HECKONBKO aBapuii 1 CEePbE3HbIX Heucnpas-
HocTeil. Mepeas aBapus npousoLuna 29 mas 1976 E,
Koraa Ha 2-M 610Ke NPU BLIXOAE €ro Ha MOLHOGTh
nocne cpabaTbiBaHUs aBapuiiHON 3almThl 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
1%t 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 BO3HWKIO MOBPEXAEeHUe TEennosblaensioLLel
cbopku (TBC) HECKONBKUX AECATKOB KaHanoB. C Toy-
KW 3pEHUs NOTEHUMaNbHOW ONAaCHOCTU U HAHECEHHO-
ro MatepuanbHoro yulep6a, aTta aBapusi OTHOCUTCS
K paspsany TaxenblX — BOCCTAHOBUTESNbHbIE paboTbi
Annnce okono 9 mec. B TeyeHue nepsbix 2 CyT Ha-
61104aN1GS MOBLILLEHHBI ra30a3PO30bHbINA BbIGpoC,
HO NPU 3TOM OH He NPEBbICUA JOMNYCTUMOro 5-kpaT-
HOro opHopasoBoro Bei6poca no CI Ne 38/3-68.
KpaTkoBpemeHHoe yBenuyeHue ramma-cpoHa Habnio-
Aanoce no xoay pacnpocTpaHeHus dakena u He npe-
BbilWano B . 3ape4Hom 40-80 MkP/u. B AanbHenwenm,
B nepuog c 1978 no 1990 1. Ha 2-M U 3-m 3Heprobno-
Kax Obinn elle HECKONIbKO HapyLLeHuiA HOopMasbHOM
aKcnnyatauuu 610KOB, KOTOPLIE HE NPUBOAUAN K pa-
AVaLMOHHOMY BO3AEMCTBUIO Ha HaceneHue U okpy-
xXatowyio cpeay [1].

BhbllweckasaHHoe noaTeepxaaeT HeoB6XoaUMOCTb
OCYLLECTBNEHUSA MOCTOAHHOIO PafnoaKONOrMYecKo-
r'0 MOHUTOPUHIra 3a 06beKTaMu, PacnonoXeHHbIMU
Ha npuneratowen K neicTeyowen ASC TeppuTopun.
B kauecTBe BOmoema-oxnagutens BASC MCMonbay-
etca Benospckoe BopoxpaHunuue, kotopoe 6bino
o6pasosaHo B 1959-1963 rr. nyrem 3aperynuposa-
Hus pycna peku Meiwma. Paguoskonorvyeckoe 06-
CneposaHve BOAOEMA-OXaAUTeNs Mepesd nyckoM
6noka BEH-800 (Hynesoit YpOBeHb) 6bino nposene-
HO B 2014 r., pesynbTarsl KOTOPOro onybnMKoBaHb!
B Ne 2 naHHoro xypHana 3a 2016 r. Llens gaHHoi pa-
60Tl — B CPAaBHUTENLHOM acnekTe NpoBECTU aHanu3
pesynstatos o6cnenosaHua Benospckoro BOJOXpa-
Huamwa no u nocne nycka BH-800 ans BuiicHeHUs
B/IMSIHUA HOBOro aHeprobnoka Ha paauoskonoruye-
CKOE COCTOAHWE BOJOEMa-OxXnaauTens.

Marepuan u metogni

KoopauHatel Toyek ot6opa npo6 onpepenanu
npy NoOMoLWW CNYTHUKOBOW HaBUraLMOHHOM cucTe-
Mbl GPS (Tabn. 1). Mpo6bl Bogs! Ansi aHaNM308 Ha
coAepxaHue paguoHYKNUAOB OT6Mpanu B MOMAU-
9TUNEHOBBIE EMKOCTU U cpady NOAKUCASNU a30THOM
KCNoToM, NpeAoTepallas copbLmio paayoHyKIMaos
Ha CTeHkax cocynos. [Ins nonyyeHus o6beKTUBHBLIX
pesynbraTos BCe Npo6bl BOoAbI OTOGUPanu B ABYX Mo-
BTOpPHOCTsX no 150 n B kaxaoii. MoaroToska npo6
BO/bI 3aK/io4anack B BbNapyBaHWW BOAbI 10 CYXOro
octatka. Cyxoii ocTaTok nomeliany B MydenbHylo
neye npu t = 450 °C Ha 8 4. Mocne ocTbiBaHMA OCcTa-
TOK pacTpany necTUKOM [0 MeNKOAUCNEPCTHOrO
nopoLuka.

MakpoduTsl (poect rpebeHYaThlil, POroNUCTHUK
TEMHO-3eNeHbId, cnuporupa, knagodopa) oToupanu
no 3-5 Kr cbipolt Macchl Ha NOBTOPHOCTbL. PacTeHus
OTMBIBaNU OT 3arpA3HEHUI, B3BELUMBANM U BLICYLLIN-
Bann [0 BO3JYUIHO-CYXOrO COCTOSIHUSA, MOC/Ee 4ero
030119111 B MydenibHoM neum 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 ¥Cs 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 Bq/kg con-
sidering water concentration.

%8r was detected in samples with low
activity using radiochemical method based
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[ina onpepenexus conepxanus ¥Cs B obpasuax
NPUPOAHLIX CPEeA UCTONBL30BANU UHCTPYMEHTANBHLIS
MeTozb!. 3MepeHusi NPOBOAMIY Ha HUBKO(OHOBOM
NoNyNpOBOAHWKOBOM ramma-crekTpoMeTpe hupMbi
«Ortec» (CLUA) ¢ koakcuanbHo AETEKTOPHOM cucre-
MOVt Ha 6a3e BbICOKOOYMLLEHHOrO repMaHus (HPGe)
C 3¢ dekTuBHOCTLIO0 40 % Npu oLwnbke U3MepeHus He
6onee 10% v HUXHeM npegene 0BHapyxXeHus ¢ yye-
TOM KOHLeHTpUpoBaHus soasl 0,005 Bk/kr.

Onpenenenve Sr 8 o6pasuax ¢ HUBKON aKTUB-
HOCTBIO MPOBOAVAN PaAMOXMMUYECKUM METOLOM,
OCHOBaHHOM Ha BbIWENAYUBAHUN XUMUYECKUX Bne-
MEHTOB 6-HOpManbHOM CONSIHOM KUCHOTOM ¢ no-
CNefyolWnM ocaxaeHneM OKCanaToB LLEefoYHO-3e-
ME/bHBIX 3NEMEHTOB U BbIAENEHUEM U3 pacTeopa
okcanatos “Sr B BuAe kap6OHATOB. CopepxaHue
%Sr onpegensnu no noyepHemy °%. UamepeHue
f-aKTUBHOCTM NpoBOAMAU Ha ManodoHoBol ycTa-
HoBke YM®-2000 ¢ HUXHUM npenenom obHapyxe-
HUA C Y4ETOM KOHUEeHTpuposaHusa 0,02 Bk/kr u cTa-
TUCTUYECKON OLWINBKOM 3MepeHus He Gonee 10 %.

JocToBepHOCTL  pe3ynsTaToR  mocTuranu napan-
NENbHBIM 0TGOPOM U UCCEeaoBaHEM 0BPa3LIOB Mpu-
POAHBIX CPEeA, B ABYX NOBTOPHOCTSX. CTatucTuyieckas
06paboTka pe3ynsTaToB 3akmo4yanach B onpenene-
HWW CpeaHeapUdMETUYECKOro 3HaYeHUs U CPeaHero
KBaapatu4HoOro otknoHenus (M + o). OueHky mocTo-
BEPHOCTU Pasnuyuini AaHHbIX, MOSyYeHHbIX B 20141
1 B 2017 r., NpoBOAUNY C UCMONB3OBaHMEM nBYxBbIGO-
PO4HOrO t-kpUTepus CThIoAEHTa 415 HE3aBUCUMBIX Bbi-
BOPOK C YPOBHEM CTATUCTUYECKON 3HAYUMOCTU 0,05.

Pe3ynbTathl u Ux aHanu3s

ConepxaHune  TeXHOreHHbix PannNoHyKNMaos
B npoGax BoAbl. COAEPXaHUe OCHOBHLIX TEXHOMEH-
HbIX paanoHyknuaoe B Boae Benosipckoro Boaoxpa-
HWWLa npeacTasneHo 8 Tabn. 1.

CornacHo HPE 99/2009 [3], ypoBHW BMeLLaTesb-
CTBa NPV COAEPXaHUM B BOAE OTAENbHBIX PAANOHYKIU-
D08 cocTaBnaloT: °Sr — 4,90 Bk/kr, '37Cs - 11,0 B/kr.
Takum obpa3om, copepxaHue B Boae Benosapckoro

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. s-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-
ences in data obtained in 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 Bq/kg, '*’Cs - 11.0
Ba/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

KoHTponsHble Touku 0T6opa Npo6 Bogs! 1 MakpopuTos
Table 1. Water and Macrophytes Sampling Control Points

MecTo ot6opa npo6
Sampling Site

Mpennonaraemlit UCTOYHUK NOCTYNNEHUS
PanuoHYKNUAOR B BOAOEM
Supposed Source of Radionuclides
in the Water Basin

leorpaduyeckue koopauHatsl
To4ek otbopa npob
Sampling Points Geographic
Position

p. MbiluMa HUXE NAOTUHBI

The Pyshma River, area lower the dam
Paiion Buoduaunieckoit craHumm
Biophysical station area

CBpocHoit kaHan 4-ro sHeprobnoka
4™ NPP Unit discharge channel

WUHTerpansHbiii c6poc na BOZOXpaHunua
Integral discharge from the artificial lake
O6BoaHOI kKaHan

Diversion channel

4-i4 aHepro6nok

4" NPP Unit

N56°78,833'; E61°30,865"
N56°84,045"; E61°31,062

N56°87,233; E61°27,847"

Tennwiit 3anus 1-, 2-ih 1 3-i1 aHeprobnoku N56°82,493’; E61°32,774"
Warm Bay 1%, 2" and 3% NPP Units
74
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BOAOXpaHUIMLIA yKa3aHHbIX PafUOHYKNUOAOR 3HAYU-
TENbHO HUXe YPOBHA BMeLaTenscTea. O6beMHan ak-
TUBHOCTb '¥’Cs Ha TpW NopsaKa BENMYUH HUKE YpoB-
HA BMeLlaTenbCcTBa, conepxaHue ©Sr — Huxe ypoBHs
BMeLLaTeNbCTBa Ha ABa NOPSAAKa BENUYUH.

Ha puc. 1 nokasaHo u3meHeHue coaepxaHus
TEXHOreHHbIX PaAVoHYKIMAoB B Boge Benosipckoro
BoAoxpaHuinwa ¢ 2014 . (Hynesoit yposeHs nepeg,
NyckoMm 4-ro aHepro6noka) no 2017 r. (nocne BBOAA
B 3kcnnyatauuio 4-ro 6noka BA3C). MokazaHo, 4yTo
BO BCEX PEMNEPHbIX TO4YKAX 3a yKasaHHbIM neprop npo-
“30LLINO CHUXeHue copepxaHus '*’Cs. Tak, B c6poc-
HOM kaHane 4-ro sHepro6sioka 06beMHas akTUBHOCTb
panuoHyknuaa cHusunace B 1,4 pasa, B paitoHe Guo-
duandeckoit ctaHumm — B 5,9 pasa (p < 0,05), B Ten-
nom zanuee - B 5,3 pasa (p < 0,05), a & peke Mbiwma
HWXe NnoTuHbl — B 3 pasa (p < 0,05).

WNameHeHus copepxaHus *Sr B Bope BOJOXpa-
HUMLLIA 3a yKasaHHbI NepUOS MeHee 3HaYUTENbHbI
Y B OTM4MeE OT '¥'Cs He UMEIOT 06Leit TeHaeHLMY, Xa-
PaKTEPHON Ans BCEX penepHbIX Touek (tabn. 2). Tak,
B BoAe Tennoro sanuea cogepxaHue Sr 0cTanock
NPakTU4ECKN Ha NPEXHEM YpoBHE, B BoAe CEPOCHOro
kaHana 4-ro 6noka XoTb U yBenu4nnoch Ha 21 %, HO
B Mpeaenax CTaTMcTUYECKOi norpelHocTy. B penep-
HBIX TOYKaX, pacnonoXeHHeIx B paiioHe Buodusuye-
CKOVi CTaHuMK 1 Ha peke MMbllMa, 06bEMHAs aKTUB-
HOCTb *°Sr ymeHbLuMnack B 1,8 (p < 0,05) u 2,2 pasa
(p < 0,05) cooTBETCTBEHHO.

ConepxaHue paguoHyknupos B BOAHbIX pacre-
HusX. BOAHbIE pacTeHus NornowanT nocrynawouve

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 ¥’Cs, 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-

0.020

p<0.05 p<0.05
ot =

T g e g'

o B 2014 [F] 2014 o

[d2017 2017

0.010¢

410
4" NPP Unit Discharge Biophysical Station Area
Channel

Ppexa MbiiMa, Hioke NNOTHHL!
Wam Bay The Pyshma River,
Area Lowerthe Dam

Puc. 1. Copepxanue PanvoHyKn1aoB B BOAE BOAOEMA-OXNaauTens Benospckoii ABC 8 2014 - 1 2017 1.
Fig. 1. Radionuclides Content in the Water of the Beloyarsk NPP Cooling Pond in 2014 and 2017.
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Tabnuua 2

Conepxatue pagvoHyknuaos B sone Benosipckoro Bopoxpasunuwa
Table 2. Radionuclides Content in the Water of the Beloyarsk Artificial Lake

4" NPP Unit discharge channel Repeated sample No. 1
MosTopHas Ne 2
Repeated sample No.2
CpegnHas

Average sample
MoeTopHas Ne 1
Repeated sample No. 1
MosTopHas Ne 2
Repeated sample No.2
CpenHsisi

Average sample
MNoeTopHas Ne 1
Repeated sample No. 1
MosTopHas Ne 2
Repeated sample No.2
CpenHss

Average sample
MNoeTtopHas Ne 1
Repeated sample No. 1
MNosTopHas Ne 2
Repeated sample No.2
Cpentss

Average sample

Paiton Buoduaudeckoii craHuum
Biophysical station area

Tennslit 3anus
Warm Bay

p. Mbilwma, HUXE NNOTUHBI
The Pyshma River, area lower the dam

Mecto ot6opa npo6 Mpo6a Papuonyknug, Bk/kr  Radionuclide, Bg/kg
Sampling Site Sample 3Cg 0S5y
C6pocHoii kaHan 4-ro aHepro6noka 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 BOIHYIO Cpeay paAvoHYKAMALI, NPU 3TOM KOHLLEH-
TPauus MHOTUX U3 HUX B TKAHSAX PACTEHUN MOXET
ANUTENbHOE BPEeMsi NoaaepXUBATLCS HAa BbICOKOM
YPOBHE, MpeBbillaloWweM Ha Mopsaaku BeNUYUH Ux
KOHLeHTpaumio B Boae [8]. CopepxaHue ©Sr 1 87Cs
B BOAHBIX pacTeHusx Benospckoro BogoxpaHunuia
nokasaHo B Ta6n. 3.

B 2017 r. Ha BopoxpaHunuwe oTobpaHbl Ana uc-
CefloBaHUA YeTbipe BUAA BOAHOM PacTUTeNbHOCTU:
PAECT rpebeHYaThlil, POroaMcTHUK TEMHO-3E/EHbIN,
cnuporupa, knagogopa. MokasatensHo, 4o B pane
PENEPHbIX TOYeK ANS UCCNedoBaHWs Y4anoch OTo-
6paTtb aHanoruyHbie BUABI pacTeHui. RpecT rpe-
GeHuaTblit 0To6paH B COpOCHOM KaHane 4-ro 6noka
1 peke [Mbiwma. YcTaHosneHo, 4To B pacTeHuax us
peku MMbiwma conepxanue °Sr g 1,4 pasa, a ¥Cs
B 3,1 pasa Bbile, Yem B pAecTe rpebeHyaTom u3
c6pocHOro kaHana 4-ro 610ka. POroaucTHUK Tem-
HO-3es1eHbli uccnefosaH B paiioHe Bruoduanyeckoi
CTaHuuu 1 Tennom 3anuse. Mpu atom cofepxaHue
“Cs B 2,7 pasa Bbllue B pacTeHusx, oTo6paHHbIX
u3 Tennoro 3anuBa, a cogepxaHue %8r, HanpoTus,
B 1,7 pa3a okasanocs Bbile B POroNCTHUKE B paii-
OHe Bruoduanyeckoii craHumm,

B 2014r. ua-za HebNaronpUATHLIX NOroaHbIX yc-
JIOBWIA B LOCTATOYHOM KONMYECTRE yAanock oTobpaTh
Y NCCNEeAoBaTh TOMLKO ABA BUAA BOAHBIX PACTEHMIA:
POrOAUCTHUK TeMHO-3eneHblii U3 Tennoro 3anusa
U pAecT rpebeHyatbiii u3 MpoMausHeBoro 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
%8r 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,
'¥’Cs concentration was 2.7-fold higher in
the plants from the Warm Bay in contrast to
#°Sr 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 **’Cs 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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Tabnuua 3

Conepxakie paauoHyknMnoB B BOAHBIX PACTEHUSX
Table 3. Radionuclides Content in Aquatic Plants

Mecto or.ﬁopalnpoﬁ Bug, pac-rev-_mn Mpoba gﬂgﬁﬁﬁm‘;’?bﬁ%’g
Sampling Site Plant Species Sample WCs sogr
CBpocHoii kaHan 4-ro aHepro6oka Ppect MosTopHasa Ne 1 8711 13.0%£1.1
4" NPP Unit discharge channel rpeGenyarTsiii Repeated sample No. 1
Potamogeton MosTopHas Ne 2 12.9+1.3 16.2£1.3
pectinatus Repeated sample No.2
Cpeatsia 10.8+2.1 146+1.6
Average sample
PaiioH Buodusnyeckoit craHuuu PoronuctHuk MNosTopHas Ne 1 11,515 10.3+0.9
Biophysical station area TeMHO-3eneHblit | Repeated sample No. 1
Ceratophyllum | MogropHag Ne 2 12.6+1.4 142+2.1
demersum Repeated sample No.2
CpeaHsis 12.05+0.55 12.25+1.95
Average sample
Tennwlit 3anus PoronuctHuk MNosTopHas Ne 1 31.9+1.7 5.6+0.4
Warm Bay TeMHo-3enenbili | Repeated sample No. 1
Ceratophyllum | MogropHan Ne 2 33.3%1.5 8.9+0.7
demersum Repeated sample No.2
CpegHsas 32.6+0.7 7.25+1.65
Average sample
Cnuporupa MosTopHas Ne 1 21.1+1.9 26.3+1.2
Spirogyra Repeated sample No. 1
MoeropHas Ne 2 26.6%1.3 35.1+4.6
Repeated sample No.2
CpenHsis 23.85+2.75 30.7+4.4
Average sample
p. Mbiwma, HUXe NAoTUHBI Poecr MosTopHas Ne 1 33.4%2.1 22.4+2.18
The Pyshma River, area lower the dam rpe6eHyarsiii Repeated sample No. 1
Potamogeton MosTopHas Ne 2 33.5+1.8 18.2+0.67
pectinatus Repeated sample No.2
Cpeauss 33.45+0.05 20.3£2.1
Average sample
Knapodopa MosTopHas Ne 1 32.8%x1.6 36.6+3.97
Cladophora Repeated sample No.1
MosTopHas Ne 2 28.5%+1.9 32.4+1.96
Repeated sample No.2
CpenHss 30.65+2.15 34521
Average sample

CopnepxaHue '¥’Cs B poronucTHuke TEeMHO-3€N1eHOM
13 Tennoro 3anuea B 20141, u 2017 r. ConocTaBuMo
Mexnay coboii, Hebonblias pasHuua yKnagbisaercs
B Npeaesnbl CtaTMcTUYeckol morpewHoctu. Mo co-
AepxaHuio °Sr pasnuuus cyllecTeeHHble. B 2014 r
coaepxaHue “Sr B 4,3 pasa ObIN0 BbilLE (p < 0,05),
4em B 2017 1. (puc. 2).

HakonutensHyio crnocobHocTs pacreHuit OBEHU-
Banu BENMYUHOW KoahdULMEHTa HakonneHus (KH),
MPEACTaBNAoWero coboit  OTHOLWEHUE  KOHLEH-
TPauumn HyKIAa B PacTEHUAX K ero KOHUEHTpaLmm
8 Bofe. KH panuoHyknmpor B BogHbIX pacTeHusx
B 2017 r. npeacTaBneHsl Ha puc. 3.

Bonee Beicokue KHy Bcex BUAOB BOAHBIX PACTEHUM
nony4eHsl Ans '¥'Cs (ot 1688 no 10136 eg,). Jna 2Sr
nokasarenu KH Heckonbko Huxe — ot 558 no 3136. Mo
MEecCTy npouspacTtaHus Hanbonee Bbicokme KH '37Cs

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
'S7Cs CR was observed for species from the
Warm Bay and the Pyshma River. Regarding
plant species, the higher ¥7Cs 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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Puc. 2. ConepxaHiie paavoHyknnioB B porofncTHUKe TeMHO-3e/1eHOM U paecTe rpe6eHyaTom
Boaoema-oxnagutens Benoapckoit AC 8 2014 . n 2017,

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

Haboaanuce y pactenuii ua Tensioro 3anuea u peku lower: 3,136 for Cladophora from the Pysh-
Meiwma. Mo BuaaM pacteHuii BeIcokue aHaveHuss KH ma River, 2,362 for Spirogyra from the Warm
'$’Cs nonyyeHbl Ans paecta rpeGeHyaToro (10136) Bay. Yet lower CR was observed for Cerato-
1 knagocdopsl (9288) 13 peku MMbilMa, HECKOMLKO phyllum demersum from the Biophysical sta-
HWXEe — ANS pOronncTHYKa TemHo-3eneHoro (8150) tion area ('¥Cs — 3,766 units and %°Sr —1 114
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Puc. 3. KoadduumeHTsl HakonneHus PanvoHYKNMAOB B BOAHbIX PACTEHUSIX BOAOEMA-0XNaauTens Benospckoit ASC.
Fig. 8. Concentration factors of radionuclides in Aquatic Plants of the Beloyarsk NPP Cooling Pond.
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v cnuporupsl (5963) ns Tennoro 3anuea. Anga ©Sr KH
0Kkasanuck 6onee HU3KUMU, TaK y Kagodhopbl U3 peku
Mbiwma KH coctasun 3136, y cnnporupsl 13 Tennoro
3anuBa - 2362. Ewe Gonee Huskue KH 6binv otmeve-
Hbl Y POrO/IMCTHUKA TEMHO-3EMEHOr0 B paitoHe Buo-
dusunyeckoii ctaHumm (3766 ea. no 'Cs u 1114 epn,
no *°Sr) n paecTa rpebeH4aToro 3 cpoCHOro kaHana
4-roaHepro6noka (1688 ep. no ¥'Cs 1 859 eq. no Sr).

Mo cpaBHeHuio ¢ 2014 1. 8 2017 r. KH B uenom ans
'$7Cs HeckonbKO BLIPOCAU, a Ana %Sr —CHU3UNUCH.
Tak, ana poronucTHUKa TeMHO-3eneHoro u3 Tenno-
ro 3aimea KH no ¥’Cs ysenuuuncs 8 5,9 pasa, a no
%8r, HaNPOTUB, yMeHbLWUACS B 4,7 pasa. [lns paecTa
rpebeHyaToro ua MpomaMBHEBOro KaHana aHanora
B 2017 r. HeT, aB 2014 1. ero KH coctasunu 2656 eg.
no ¥’Cs u 4706 eg. no °Sr.

O6eyxaeHve. W3BeCTHO, 4TO paauoOHYKIUAbI
B KOMMOHEHTax MPecHOBOAHbLIX 3KOCUCTEM pac-
npeaenalTca HepasHOMepHO. Ha ocHoBaHUM MHO-
FONETHUX HaTYPHbIX WUCCNEeAoBaHUi, ObINO ycTa-
HOBNEHO, 4YTO OCHOBHbIM [Eno pPaguoHYKNUAOB
B NPECHOBOAHLIX BOAOEMaxX SIBNSIOTCH AOHHblE OT-
JIOXEHUA, a B pekax — NOMMEHHbIE MOYBbI U AOHHbIE
OT/IOXEHUS MONMEHHbLIX BOLOEMOB, KOTOpPbLIE Norno-
waiot 6onee 80% panuoaKTUBHLIX BELLECTB, 3aTEM
cnenyeT BOAHasi KOMMOHEHTA (B npegenax ot Jonew
npoueHTa 8o 20%) u, HakoHeLll, rMAPOBUOHTLI (Tak,
MakpopUTbl MOryT akkyMynvpoBaTh B 0BLLER CNoX-
HOCTU [0/IM MPOUEHTa OT CYMMapHOW akTUBHOCTU
B BoAoemMe). Ho npu aToM cnepyer yuuThbiBaTh, YTO
AOHHbIE OTIOXEHUS XOTb U HAKanIUBAIOT 3HAYUTESb-
HOE KONMYECTBO PafgVOHYKNMAOB, HO OTPaXalT UX
UHTErpasnbHbie 3anachkl, akkyMynupoBaHHbIe 3a MHO-
roNIETHWI NepUoL, CyLWEecTBOBaHuS Bogoema. Gonee
onepaTtuBHyl0 MHGOPMaLMIO O TEKYLLEM COCTOSHUM
BOAHOro 06bEKTa MOXHO NOMYYUTL MO peaynsTatamM
uccnegosaHus BoAbl M BOAHOM PacTUTENbHOCTW.
PesynbraThl McCnefoBaHWs BOAbl OTpPaxaloT B OC-
HOBHOM CBEXUEe 3arpasHeHusi, a MakpodpuTbl akky-
MYSMPYIOT PaAUOHYKIUAL! B TEYEHUE BEreTaTUBHOro
nepuoga. Pesynstathl uccnenosaHus oAl B 2017,
NoKasblBaloT, 4TO, HECMOTPSA Ha BBOJ, AOMONHUTENb-
HbIX MoLHOCTe Ha BASC, BO BCex pernepHbIx ToukKax
(Bkntouas cOpocHolt kaHan 4-ro aHepro6noka) mno
cpaBsHeHuio ¢ 2014 . HabnoAanoCh CyLECTBEHHOE ¢
CHuxeHue coaepxanus '*’Cs B Boge B 1,4-5,9 pasa,
4TO yKasblBaeT Ha OTCYTCTBUE AOMOSIHUTENLHOMO MNO-
CTYyM/IEHUs] PagVoOHYKNMAA B BOAOEM-OXNaauTeNb
nocrie nycka s akcnayarauuio 4-ro aHepro6noka.

N3meHeHns copepxaHua ©Sr meHee 3HAYUMbI
1 He UMeloT 06LLEeBbIPaXEHHOM TeHaeHumn. B Boge
Tennoro sanuea copepxaHue *°Sr He U3MEHUNOCH,
B BOAE COPOCHOro KaHana 4-ro 610ka — HeaHauyu-
TeNbHO YBENUYUNOCHL B NMpPeAenax CraTUCTUHEecKOM
NnorpewHocTu, a B paioHe Buoduauyeckoii craHumu
u peke lMbiwmMa — ymeHbwunocs 8 1,8 n 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.

98r 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

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

79



Menuko-6uonoruyeckue u COLManbHO-NCUXoNoruyeckue Npobnemsl GesonacHocTy s YpesBblyaitHbX cutyauusx. 2018. Ne 2

OTBETCTBEHHO. Takoe pasHoe nosegeHve paguoHy-
KIINA0B MOXHO OGBACHUTL PagHBIMU MexaHU3MaMu
WX NOCTyNneHns 8 BoAoem-oxnagutens. Ecnu oc-
HOBHbLIM MyTem nocTynnexHus '¥7Cs g BOLOEM-0XNa-
AvTens scerga cuutancs MpoMansHeBbIl KaHan, 1. e.
CMbIBbI C TEPPUTOPUM CTaHLMK, HanpoTtue, *°Sr ume-
€T B OCHOBHOM r1106a/IbHOE NMPOMCXOXAEHUE U He
CBASaH C AeATeNIbHOCTbI0 aTOMHOI CTaHLmM.

OtcyTeTBue AononHUTENbHOrO nocTynneHus pa-
AVOHYKNNUAOB ¢ 4-ro aHepro6noka noaTeepxpaercs
TaKKE OTHOCUTESNBHO HUSKIMM CoaepXaHem nocnepg-
HWX B BOAHBIX PACTEHUAX C6POCHOro kaHana. Mpo6si
pAecTa rpebeH4aToro 6einu 0TOGpaHbl NapannensHo
B COPOCHOM KaHasie 4-ro 6510Ka 1 peke lMbilwma Huxe
MI0TUHBI, AE UHTErpuUpYIoTCs BCe CHPOCH! C BOLO-
eMa-oxnagutens. B pesynsrate copepxanue 97Cs
B pAecTe rpe6eHYaTom us cBpocHoro KaHana okasa-
Nlock B 3,1 pasa Huxe, a *°Sr - g 1,4 pasa Huxe, yem
13 peku MNeiwma.

AvHamuka usameHeHus conepxaHvs paguoHyknu-
A08B B Bo#oeMe-oxnaanTene B nepuog 2014-2017 rr.
MONHOCTLIO COrNacyeTcs ¢ MHOFOMETHUMMU npouec-
Camu, NPOUCXOAALUMMU B AAHHOM BOAHOM aKocucre-
Me. Tak, no pesynsratam yrny6neHHoro papuoako-
Jiornyeckoro o6cnenoBaHus BOLOeMa-oxnaautens
B 2011 1. u B cpaBHUTENLHOM acriekte ¢ paHee npo-
BEAEHHLIMU MHOFONETHUMM HaBMIOASHUSAMY B 1976-
1987 rr. 66110 NokasaHo, 4To Ha npoTaxeHun 6osiee
4em 20-neTHero nepuvoga npomsowo CYLLIECTBEH-
HO€ CHWXeHWe copepxaHus PaauoHYKNMOoR B oc-
HOBHBIX KOMMNOHEHTax BOAOEMa-OXnaauTens BASC.
O6bemHas akTuBHOCTL ©Co B Boae Tennoro 3anusa
yMeHblumnacek 8 800 pas u 6onee, B MpomnusHesom
kaHane - B 5600 pa3. O6bemMHas aKTUBHOCTL '¥7Cs
B Bofe Tennoro sanuea YMeHblunack 6onee yem
8 100 pas, a B Boge U3 MpomMnuBHEBOro KaHana — cHu-
3unack B 386 pas. O6beMHas akTUBHOCTL %Sr B Tex
K€ TOHKax cHuaunack B 3 1 5,7 pasa cooTBETCTEEHHO,
C101b Gyl|EeCTBEHHbIE M3MEHEHUs paanoakonoruye-
CKOro COCTOsAHUA BOJOEMA-OXNaauTens B 2011 r. no
CpaBHeHuio ¢ 1976-1987 rr. cTanu BO3MOXHbI nog
B/MAHWEM pAAa NpuyuH. Bo-nepssbix, BbIBOJ, U3 3KC-
nayaraumu 1-ro v 2-ro 6nokos BASC. Bo-BTOpbIX, Kak
pesynsTaT paboThl B 60/1bLIOM BpeMeHHOM Aunanaso-
HE MEXaHW3MOB CaMOOHULLIEHWS BOAHOM 9KOCUCTEMBI
OT PafMoOHYKNMI0B 3a CYeT pacnafa pagnoaKTUBHbIX
BELLEeCTB, a TakKe MexaHU3MoB nepepacnpeneneHus
PaAVIoHYKNUO0B U3 Boasl B Apyrue KOMIMOHEHTI, npe-
KA BCEro — B JOHHLIE OTNOXEHUS [71.

Takum 06pasom, Beog B SKCnlyataumio aHep-
ro6noka BH-800 BA3C He COMpoBOXaancs aonos-
HUTENbHOW  paguaumoHHol Harpyskoii Ha Bogo-
€M-OXnaguTenb U He okasbiBan OTpULATENBHOrO
BAVAHUA Ha MpPOLEcChl CamMoouULLeHUs, KOTopble
HameTunnch B JaHHo BoaHOM aKocucTeme rocne
BbIBOAA M3 aKcnyaTauum 1-ro v 2-ro 610kos BA3C.

Industrial-storm water channel has always
been considered as a main source of W¥iCs
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
inthe 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
rhechanisms 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 1st gnd 2nd
Units decommissioning.
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BobiBogb!

1. Mocne BBOAA B aKcnnyaTaumio 39Heprobno-
ka BH-800 B Bome Benospckoro BOOOXpaHUNN-
La Hab/loaanock CHUXeHWe cogepxaHua '¥7Cs
B 1,4-5,9 pasa no cpasHeHuio ¢ 2014 (Hyne-
BOW YpOBEHb nepen nyckom aHeprobnoka), yto
CBUAETeNbCTBYET 06 OTCYTCTBUM O0NONHUTENL-
HOr0 MOCTYyNNEeHUs paguoHyKIMaa B BOLOEM-
oxslaguTenb.

2. NameHeHus conepxaHus ©Sr MeHee 3Ha-
HAMBI 1 HE UMEIOT O6LUEBLIPAXEHHON TEeHAEH-
LK. 3TO 06BACHAETCS Pa3HLIMU MEXaHU3Mamu
NOCTYNNEHNa PaAMOHYKIMAOB B BOOOEM-OXNa-
Antenb. OCHOBHBIM NyTEM nocTynneHus '3’Cs
B BOAOEM-OXnagutens Bcerpa senancs Mpom-
JMBHEBLI KaHan, T.e. CMbIBbl C TEPPUTOPUM
CTaHuuu. %°Sr, HaNPOTUB, UMEET B OCHOBHOM
ro6anbHoe NPOUCXOXAEHUE U He CBA3aH ne-
ATENbHOCTHIO aTOMHOM CTaHLUK.

3. OTCyTCTBME [AOMONHUTENBHOrO nocryn-
JIEHN  paaVoHYKNMAOB C 4-ro aHeprobnoka
BH-800 noatsepxpaercs pesynsratamu uccne-
£0BaHMA napannesbHeix NPo6 BOAHBIX pacTeHuii
13 cOpoCcHOro kaHana 4-ro aHepro6aoka u pekun
MblMa HUXE NAOTUHLI, roe VHTErpupyloTcs
BCe cOpoCckl C BOLOEMa-OXNaauTens. Copnepxa-
Hue '*’Cs B ppecTe rpe6eHyaTom ua cbpocHo-
o kaHana okasanock B 3,1 pasa Huxe, a ©Sr —
8 1,4 pasa Huxe, Yem 13 peku Muiwma.

4. IMHamuka U3MeHeHns cofiepxaHms paavo-
HYKMMAOB B BOAOEME-OXNaaUTene B Nepuof,
2014-2017 rr. B nonHoit Mepe cornacyercs ¢ 06-
WMMU NpoueccaMu CaMOOYULLIEHUS, KOTOpbIe
CTann BO3MOXHbI B OaHHOM BOOHOW 3KOGCUCTE-
Me nocne BbIBOAA U3 akcnnyaTaummn 1-ro u 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
¥Cs 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 2n¢
BNPP Units decommissioning.
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