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AHHOTAIUSA
Brimonneno KOMILJIEKCHOE
HACCIIEIOBaHUE Paaru03KO0JIOrMYECKOTO

COCTOSIHHSI MOPCKOM Cpelibl B MpUOPEKHOM 30HE
Konbckoro mnomyoctpoBa. B paiione paGor
MPOXOJAT MYyTH MOPCKOTO TpaH3UTa YHaKOBOK
0TpabOTaBIIETO SACPHOTO TOILUIMBA U3 IMMyHKTOB
BPEMEHHOTO  XpaHeHuss K MypMaHCKOMY
JKEJIE3HOJOPOXKHOMY TPAHCIIOPTHOMY Y31y B
Konsckom 3amuBe. ['maBHas menb paboThl —
c(hOopMHUPOBATh COBPEMEHHOE IMPEACTAaBICHUE O
doHEe paAMOAKTUBHOCTH CpeAbl B paiioHax
MOTPY304YHO-Pa3rpy30YHBIX M TPAHCIOPTHBIX
orepanuii, BbISICHUTh €CTECTBEHHBIE MPOILECCHI,
BITUSIONINE Ha dbopmupoBanue
PaAMO’KOIOrHYEcKOro hoHa B aKBATOPHH.

B xome pabor ObuiM  HU3MEpEHBI
KOHIEHTPAllUU TEXHOTEHHBIX M MPUPOTHBIX
PaauOHYKIHIOB B BOJIE, TOHHBIX OTJIOKEHHUAX U
OMOJIOTUYECKNX OOBEKTaX. OKCIEIUIIMOHHBIE
paboTel  MPOBOIMINCH B  MOTOBCKOM U
Konsckom 3anmmBax, B ryoe Caiina, B mMpoJiMBe
Wokauerckuit  peii;, Tae  pacroiokeHO
xpanunuie OSAT  «ornenenue ['pemmxay.
N3yuen  xapaktep  UX  pacopeleseHUs.
HccnenoBana XPOHOJIOTHUS BIIUSTHUS
MHOTOJIETHEH  JEATEIbHOCTH  UCTOYHUKOB
TEXHOTCHHOM paJualuud Ha MOPCKYIO cpeny
Konbsckoro 3amuBa, KOTOpHIM Oojee BCEro
3arpsi3HAETCS paloaKTHBHBIMU
MOCTYIUICHUSIMH B HCTOPHUYECKOM MPOILIOM M
COBPEMEHHOCTH.

Koncrarupyercs, uyto B 3arpsi3HEHUE
npuOpeXKHOM  30HBI  3amagHoro  MypmaHa
BIUSAIOT  JIBA  HMCTOYHUKA  TEXHOTCHHBIX
PaAMOHYKIHU]IOB. Ot1o XpaHUJIHILE
pPaAMOaKTUBHBIX OTXOJOB B TyOe AHIpeeBa U
cymMapubli  ctok  Kombckoro 3amuBa, B
KOTOPOM PACIIOJIATalOTCSl HECKOIBKO OOBEKTOB
uH(ppacTpykTypbl aroMHoro d¢uora. Brixon
TEXHOTE€HHBIX PaANOHYKIIUIOB u3
CYLIECTBYIOIIUX HMCTOYHHUKOB HAa MOPCKYIO
AKBaTOPUIO HE3HAYUTEIIEH U HE CO3JacT
BBICOKOT'O YpOBHS PaZloaKTUBHOTO
3arpsi3HEHUST MOPCKOM Cpeapl W OWMOTHI Ha
M3y4aeMoil akBaTOPHH.

PanuonyknuaHoe 3arpsi3HEHUE
aKBaTOpPUM, JOHHBIX OCAaJKOB U OEHTOCHBIX
ruApoOnoOHTOB U PepeHIIupPOBaHO, HO Be3Je
OLICHMBAaeTCAd Kak Huszkoe. B mpubpexHbIx
pailionax  HaOmomaeTcss  TEHJACHIMS  Ha

Summary

We have conducted a comprehensive
study of the radioecological status of the
marine environment in the coastal area of
Kola Peninsula. In the area of work there are
sea transit routes of packages of spent nuclear
fuel from temporary storage points to
Murmansk railway transport hub in the Kola
Bay. The main purpose of the work is to form
a modern idea about the background of the
environment radioactivity in the areas of
loading and unloading and transport
operations, to find out natural processes
affecting formation of radioecological
background in the water area.

Concentrations of technogenic and
natural radionuclides in water, bottom
sediments and biological objects were
measured during the works. Expeditionary
work was carried out in Motovsky and Kola
Bays, in Saida Bay, in Yokangsky Raid Strait
where SNF storage of the "Gremikha Branch"
is located. The nature of their distribution has
been studied. We have studied the chronology
of the impact of many years activity of
technogenic radiation sources on the marine
environment of Kola Bay which is the most
contaminated by radioactive intakes in the
historical past and modern times.

It is stated that two sources of
technogenic  radionuclides influence the
pollution of the coastal zone of West
Murman. This is a radioactive waste storage
in Andreeva Bay and the total drain of Kola
Bay where several infrastructure facilities of
the nuclear fleet are located. The release of
technogenic radionuclides from existing
sources to the sea water area is insignificant
and does not create a high level of radioactive
contamination of the marine environment and
biota in the water area under study.

Radionuclide pollution of water area,
bottom sediments and benthic hydrobionts is
differentiated but it is estimated as low
everywhere. There is a tendency in coastal
areas to reduce the spectrum of technogenic




COKpaIeHHe CIIeKTpa TEXHOTEHHBIX
PaIMOHYKIIHIOB B TJIYOWHHBIX CJOSX JIOHHOTO
ocajika U CriIa)kKWBaHWe HAOJIOMABIIUXCS paHee
IMKOB HMX OKCTPEMAIbHBIX KOHIICHTPAIIHH.
PacripocTpaHeHHBIE W OTHOCHTEIBHO PEIKO
paccejieHHbIE BHIOB MOPCKOTO  (GHTO- |
3000eHTOCa F. vesiculosus u A. Nodosum, M.
edulis Moryr ChoyKuTh HWHIWKATOpaAMH IIPH

MHOI'OJICTHUX pannoaKonoquecxnx
HaAOJIFOJEHUSX.
Pamuoskonorudeckass — cUTyalwio B

nociaegHue  gecsaTtuietus B MypMaHCKOM
npuOpexbe OICHWBACTCS Kak OJIaromoixydHas.
VKe NpoBeleHHbIE OINEepaluu 10 TPaH3UTY
OAT w3 XpaHwIML] TYHKTa BpPEMEHHOIO
XpaHeHHss B TIyOe AHJIpeeBa U OTHAENEHUSA
«I'pemuxa» B HacTodllee BpeMsi HE MPUBEIU K
KaKMM-JIN0O €€ N3MEHEHMSIM.

[IpoekT  OBUT ~ OCYLIECTBIEH  IpH
¢buHaHCOBOM MOJIEPIKKE Hopgsexckoro
arcHTCTBAa  PaJvallMOHHOU u SAIEpHOMN

6e3onacHoctu (DSA, 6pBmii SSV). Hayuno-
HCCIIeIOBATENLCKUE PAOOTHI OBLIM BBIOJHEHBI
MMBU B TecHoM cotpyauuuectBe ¢ PocPAO u

radionuclides in deep layers of bottom
sediment and smooth of observed earlier
peaks of their extreme concentrations.
Common and relatively rarely settled species
of marine phyto- and zoobenthos F.
vesiculosus and A. Nodosum, M. edulis can
serve as indicators at  long-term
radioecological observations.

The  radioecological  situation  in
Murmansk coastal region is assessed as safe
in recent decades. Operations which were
already carried out on SNF transit from the
storages of the temporary storage point in
Andreeva Bay and the «Gremikha» branch
have not led to any changes at present.

The project was financially supported by
the Norwegian Radiation and Nuclear Safety
Authority (DSA, former SSV). Research
works within the project were carried out by
MMBI in close cooperation with RosRAO
and SevRAO, DSA and Norwegian research

CesBPAO, DSA wu HopBexkckoil HayuyHo- | company Akvaplan-niva.
HCCIENOBATEILCKONM  KOMITaHMEW AKBaruiaH-

HHUBA.

KawueBble cioBa:  paauoskoioruueckas | Keywords: radioecological characterization;
XapaKTEepUCTHKA; TEXHOTeHHble W TpupoaHbie | technogenic and natural  radionuclides;
pamMOHYKIMIBI,  paJHOaKTHBHBIE  OTXObI, | radioactive waste; marine environmental

OIIEHKa MOPCKOM Cpellbl; PagrodKOIOTHIECKOe
COCTOSIHH€ MOPCKOW OMOTHI.

assessment: radioecological status of marine
biota.
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BBenenue

B HacTosiiee BpeMs JOMOJHUTEIbHBIN
pHCK paAMaIMOHHOTO 3arpsi3HEHUE
0apeHIICBOMOPCKOTO MIPUOPEIKbS
Olpenesercs, TJIABHBIM obpa3zom,
oTIepanusIMHu o oOparieHuto c

pPaAMOAKTUBHBIMU OTXOJaMH B OeperoBoit
nH(ppacTpyKType aToMHOTO (II0TA.
OOBEKTBl TPaXTAHCKOTO M BOCHHOTO

atomHoro ¢uora Poccum wu  Oeperoas
uHppacTpyKTypa COCpPEOTOUYECHBI B
npuOpexxkHoit 30He Kosbckoro mosyocTpona.
3mech  XpaHSTCS  BHOBb  0OpasyrolIuecs

omacHble pamuoakTuBHbIe OTX0nbl (PAO) m

OTXOJZIbI, OTHOCAIIUECS K «HAKOIUICHHOMY
HACIICIUIO» SAEPHOM AMOXH.

Cpenu  OOBEKTOB  MH(PPACTPYKTYpPHI
HauOoyiee 3HAYMMBIM C TOYKH  3PCHHS

PaAMOIKOIOTHYECKOTO PHCKa TPEICTABISICTCS
XpaHWIUIIA PaJIUOAKTUBHBIX OTXOJOB B Ty0e
AHpapeeBa HA  3amanae MYpPMaHCKOTO
nobepexns, B ryde Caiina B Kombckom 3anmBe
u B TyOe ['pemrxa Ha BOCTOKE MYPMaHCKOTO
nobepexns [1, 2]. Haubonee BBICOKHIT pHCK

OMHUCCUHU PAAUOHYKIINI0B CBsI3aH C
COCTOSIHUEM NYyHKTOB XxpaHeHuss PAO wu
BBIBO30OM pPaarOaKTUBHBIX 0OTXO0A0B nu3

XpaHwmmil B TyOe AHApeeBa W ['pemMuxu K
JKEJIE3HOJOPOKHOW TPAHCIIOPTHOM CUCTEME B

MypmaHCK.
Eme oagna cocraBnisiomas pUCKOB
paAMallMOHHOW  OMACHOCTH MCXOIUT TpHU

YTWIN3alUA M TOCTAaHOBKE Ha JUIMTEIIbHOE
XpaHEHHUE PEaKTOPHBIX OTCEKOB AaTOMHBIX
MOABOJHBIX  JIOIOK W  OTCEKOB  CYIOB
TEXHOJIOTHYEeCKoro oOciykuBanusi B Caiina-
ryoe.

JlaHHBIX PaAMO’KOIOTMYECKOTO
MOHUTOPUHTA, KOTOPBIM  MPOBOAUTCS B
npeienax CaHUTAapHO-3alIMTHON 30HBI MyHKTA
BPEMEHHOTO XpaHeHHs B TyOe Amnjapeesa,
HEJOCTAaTOYHO [UIsl OLIEHKH BJIMSHHUS BCel
JEATETbHOCTH XPaHWINIL Ha BO3MOXHOE
3arpsi3HEHUE  TPHOpPE)HOW  30HBL.  Takue
paboTel B pamMKax HAy4YHBIX HCCIEIOBaHUN
MIPOBEICHBI MypMaHCKUM MOPCKHM
O6uonornyeckuM UHCTUTYTOM B 2017-2019 1T

Ilens wuccrnenoBaHusi —  MOJIYYUTH
HOBbIE  JIaHHbIE W  [POAHAIU3UPOBATh
PaAMOIKOIOTMUECKOe COCTOSTHUE
0apeHIIEBOMOPCKOTO MPHUOPEXKbsi HA YYaCTKE

Introduction

At present the additional risk of radiation
pollution of the Barents Sea foreshore is
mainly determined by radioactive waste
management operations in the coastal
infrastructure of the nuclear fleet.

Civil and military nuclear fleet facilities
of Russia and coastal infrastructure are
concentrated in the coastal zone of the Kola
Peninsula. ~ Again,  formed hazardous
radioactive waste (RW) and wastes belonging
to the "accumulated heritage” of the nuclear era
are stored here.

Among the infrastructure facilities the
most significant from the point of view of
radioecological risk is the storage of
radioactive waste in Andreeva Bay in the west
of the Murmansk coast, in Saida Bay in Kola
Bay and in Gremikha Bay in the east of the
Murmansk coast [1, 2]. The highest risk of
radionuclide emission is related to the state of
RW storage points and removal of radioactive
waste from storages in Andreeva and
Gremikha Bays to the railway transport system
in Murmansk.

Another component of radiation hazard
risks comes from utilization and long-term
storage of reactor compartments of nuclear
submarines and vessels’s compartments of
technological service in Saida Bay.

Data of radioecological monitoring which
is carried out within the sanitary-protective
zone of the temporary storage point in
Andreeva Bay are not sufficient to assess the
impact of all activities of storages on possible
pollution of the coastal zone. Such works
within the framework of scientific research
were carried out by Murmansk Marine
Biological Institute in 2017-20109.

The aim of the study is to obtain new data
and analyze the radioecological state of the
Barents Sea coastal area at the site of carrying
out potentially dangerous loading and




POBEICHUS MOTEHIMAIBHO OIACHBIX
MOTPY30YHO-Pa3TPy30UHBIX M TPAHCIIOPTHBIX
oTepaluii C paliOaKTUBHBIMU OTXOJAMHU.
AXTyambHOCTh WCCIICTIOBAHHUSI
OTIpeNieNsIeTcs OTIaCHOCTBIO orepanui,
CBSI3aHHBIX C XpaHEHHEM W OOpamieHHeM C
oTpaboTaHHbIM siiepHbIM TorBoM (OST),
TBEPABIMH W KHJIKHMH PaIdOAKTHUBHBIMU
orxogamu (TPO u XKPO), xotopbie HecyT

MOTEHIIMAIBHBIE  PUCKH  JUII  MOPCKOM
NPUPOJHON Cpebl U MOPCKHUX PECypcoB
bapenu-pervona. OueBuHO, qTO0

AKTYyaJbHOCTh COXPAHUTCSI B TEUYEHUE BCETO
nepuoa NEATENIbHOCTH XpaHWIMIL U Oyner
COXPAHATHCS KAKOW-TO JUIATENIbHBIM IEPUOL
IIOCJIE BbIBO3a HAKOIUIEHHBIX 3amacoB OAT u
peaduIUTa TEPPUTOPUH.

[IpoBeneHHbIe UCCIIeIOBaHUS
MPEJICTABISIIOT OO0 HOBBIN ypOBEHb paHee
npoBeneHHBIX padoT (2013-2014 rr.). HoBhie
UCCJIEOBAHUS  JIOMOJIHSIOT M PACHIMPSIOT
n3ydaeMyro o001acTh aJeKBaTHO MaciTabam
TPAHCIIOPTHBIX OMepanuii Mo oOpalieHuo ¢
PAO.

HccnegoBanue MMeeT 3KOJOTUUYECKYIO,
COLIMATIBHYIO u SKOHOMMYECKYIO
HaIpaBJICHHOCTh M 3HAYUMOCTH MJII BCETO
bapenn-pernona. Pe3ynbrarel paboThl OyIyT
MOJIE3HBI ISl MPUHSTHS IUIAHOB YMPABIICHUS
paboroii  OeperoBbix  Xpanwiauni  PAO,
yIpaBJieHUs IPOLIECCAMH MOTPY3KHU, Pa3rpy3Ku
W TpaHCNOPTUPOBKM  ymakoBok  OMT,
COBEPILIEHCTBOBAHUSI MPOrpaMM MOHHMTOPHUHTA
U TOBBIIIEHUS YPOBHS WH(OPMHUPOBAHHOCTH
0OIIECTBEHHOCTH.

[IpoeKT BBIMIOJIHEH B COTPYAHUUYECTBE C
Hopgexckum areHCTBOM  PaJUalMOHHOU
6e3onacHocTy (DSA) 1 HOPBEKCKOW Hay4dHO-
HCCIIeIOBATENIbCKOM KOMITaHUEH AKBarjiaH-
HUBA.

unloading and
radioactive waste.

transport operations with

The relevance of the study is determined
by the risk of operations related to the storage
and management of spent nuclear fuel (SNF),
solid and liquid radioactive wastes (SRW and
LRW) which bear potential risks to the marine
environment and marine resources of the
Barents region. It is obvious that the relevance
will continue throughout all the period of
storages operations and will continue for some
long period after removal of accumulated
stocks of SNF and rehabilitation of the
territory.

The conducted studies represent a new
level of earlier works (2013-2014). New
researches supplement and expand the area
under study adequately to the scales of RW
handling transport operations.

The study has an environmental, social
and economic focus and significance for the
entire Barents region. The results of the work
will be useful for the acceptance of plans for
the operation control of RW coastal storages,
processes management of loading, unloading
and transportation of SNF packages, improving
monitoring programs and raising the public
level awareness.

The project is implemented in cooperation with
the Norwegian Radiation and Nuclear Safety
Authority (DSA) and Norwegian research
company Akvaplan-niva.




1. I'eorpaduyeckoe MOJIOKEHHU e "
XapaKTepUCTHKA MYHKTOB 3BaKkyauuu PAO
H YYACTKOB TPAHCIOPTHOI0 MapuIpyTa.

I'yba Anopeesa. [Tnomanka
BpeMeHHoro xpanenus PAO B ry6e AnapeeBa
(IIBX) pacrnonokeHa Ha OEpEroBOM CKIIOHE
ryOer  AnzapeeBa. OJrta Tyba  ABISIETCS
MOP(OIOTHUECKON 4acThIO aKBaTOPUU
obmupHoro ¢vopaa - ryba 3amamgnas Jluma.
®popa UMEHYETCS IO Ha3BaHUIO BHAJAIOLIEH B
Hero peku. ['yba AHapeeBa uMeeT CBOOOIHBIN
BOJI00OMEH ¢ Ty0oii 3anannas Jluna, koropas
OTKpbIBaeTcsi B MoToBckuii 3anuB bapeHueBa
Mops (puc. 1.1.) u cynoxonHa KpyriioroguiHo

3].
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Puc. 1.1. PacniosioxkeHnue XpaHUJIUILL 11€PHBIX
OTXOJIOB B ipubpexpe Mypmana

XpaHWIHIIE BBEIEHO B CTpoil B 1962 r.
OHO  mpenHa3HayeHO 1S BPEMEHHOTO
XpaHeHHUs OTPabOTaBIINX TETJIOBBIIEISIONIUX
cOOPOK SIIEPHBIX PHEPreTUYECKUX YCTaHOBOK,
KHUJIKMX U TBEPIBIX PaJlMOAKTUBHBIX OTXO/O0B.

B wutone 2017 r. nawat BbIBO3 PAO
MOPCKHUM IYTEM M3 BPEMEHHOTO XpaHWJIMIIA B
ryoe Anapeea (IIBX) uepe3 MotoBckuii u
Konbcknii 3anuBbl. BbIBO3 KOHTEMHEPOB C
0oTpa0OTaBUIMM  SIIGPHBIM  TOIUIMBOM  Ha
CHEINAIM3UPOBAaHHOM CYy/AHE-KOHTEITHEpOBO3€e
«Poccura» na 6azy ®I'VII «Pocaromdnor» B
Konbckuii 3amuB  OyneT MNpOAODKAThCS B
IUIAHOBOM pexuMme mnpumepHo 10 ner. B
COOTBETCTBUU c 3TUM BO3HUKAET
HEOOXOIMMOCTh TOJyueHHUs] HMHPOpPMALUU O
PaAMO’KOJIOTMYECKOM  COCTOSIHUM — MOPCKOM
cpeapl W HU3MEHEHUW TMOJA  BO3JECHCTBHEM
IPUPOJHBIX WM TEXHOT€HHBIX (AaKTOPOB B
MeCTax Meperpy3ku OTXOA0B M 10 MapUIpyTy
MOPCKHX MIEPEBO30K. CoBpeMEHHBIN

1. Geographical location and characteristics
of RW evacuation points and sections of
transport route.

Andreeva Bay. The RW temporary storage
site in Andreeva Bay (TSP) is located on the
shore slope of Andreeva Bay. This Bay is a
morphological part of the water area of the
extensive fjord - Zapadnaya Litsa Bay. The
fjord is named by the river’s name that flows
into it. Andreeva Bay has a free water
exchange with Zapadnaya Litsa Bay which
opens to the Motovsky Bay of the Barents Sea
(Fig. 1.1.) and it is navigable all the year round

[3].

1.1. Location of nuclear
storages in Murman coast

waste

The storage was commissioned in 1962. It
is intended for temporary storage of spent heat-
generating assemblies of nuclear power plants,
liquid and solid radioactive wastes.

The export of RW began in June 2017 by
sea from the temporary storage in Andreeva
Bay (TSP) through Motovsky and Kola Bays.
Export of containers with spent nuclear fuel on
the specialized container carrying ship
"Rossita" to the base of FSUE «Rosatomflot»
to Kola Bay will continue in the planned mode
for about 10 years. In connection therewith it is
necessary to obtain information on the
radioecological state of the marine
environment and changes under influence of
natural or technogenic factors in places of
waste overload and along the shipping routes.
Modern radioecological status of the TSP area
in Andreeva Bay is analyzed in detail in studies
of 2012-2014 [4].




panuo3KoIorn4Yeckuil craryc B paiione I1IBX B
rybe AnapeeBa moipoOHO MTPOAHATU3UPOBAH B
uccnenoBanusx 2012-2014 rr [4]

Ivba Catioa. Xpanwmime B TyOe
Caiima mpegHa3HAYEHO [UIS  MOATOTOBKHU
(KOHAUITMOHUPOBAHUS ) u JUTUTEIBHOTO

XpaHEHUs PEAKTOPHBIX OTCEKOB IOJBOIHBIX
JOIOK U BBICOKOAKTHUBHBIX KOHCTPYKTHBHBIX
JPYTUX CYJOB M BO3HHUKAIOIIMX MPU 3THUX
onepanusx TPO u XPO.

I'y6a Caiina OOKOBOW  pyKaB
Konbckoro 3anuBa, pacnosiokeHHbId 60 Km
cesepHee Mypmancka (puc. 1.1). IlyHkT
JIOJITOBPEMEHHOTO XpaHCHUS (ITIX)
peakTopHbix orcekoB AILJL B rybe Caiiga Obut
cozman B 2004 romy Ha Oa3e Oeperomoit
TeXHUYEeCKOW 0Oaspl. OpHako VYTuimsanus
aTOMHBIX CyOMapuWH M XpaHEHHE Ha IUIaBy
TpéxoTceunsix OmokoB AIlJl ¢ snmepHBIMU
peaktopamu  Havyaiack B 1990  ropy.
CoBpeMEHHOE JIOJITOBPEMEHHOE XPaHUIIUIIE
CO371aBAJIOCh B paMKax IIPOrpamMMBl
«I'mobanbHOTO MApTHEPCTBA» MO JTUKBUIAIIUU
«SIICPHOTO HacHeAus» 1 ObLIO OTKPHITO B 2011
I. Kak «PernoHanpHbIi LEHTP MO OOpAIICHUIO
¢ pamuoakTuBHBIMH oTxojamu Caiina-I'yGa»
C3L «CeBPAO». B Hactosmee Bpems LleHTp
ABJISIETCS OJHUM H3 TPEX KPYNHEHIIMX U
caMbIX COBpeMEHHbIX xpaHumuii PAO c
JIOJITUM  CPOKOM  3KCIUlyaTauuu. B Hem
BBITIOJIHSIFOTCSL ONIEPALUH T10:

— YCTaHOBKE Ha CyX0€ XpaHEHHE PEaKTOPHBIX
orcexoB AILJI;

—XpaHEHUIO OJIOK-YIIaKOBOK, C OTCEKaMu
CyJIOB aTOMHOT'O TEXHOJIOTUYECKOTO
00CITy>)KMBaHUS U JICIOKOJIBHOTO (hJI0Ta;
—KOHAULIMOHUPOBAHUIO (pparmenTanus,
IIPECCOBAHUE, BOJOCTPYWHAsT M XUMHYECKAs
OYMCTKA, TACIOPTU3AIHUS) U JOJTOBPEMEHHOTO
xpaHeHusi Bcex BuioB PAO.

LenTp B Caiina-I'ybe Oyzner
INPUHUMATh  OTXOAbl, NOCTYNAWOIIHE U3
ryOsl AHIOpeeBa U XpaHwiniia B ['pemuxe.

Lentp B Caitna-I'ybe mocTpoeH Ha 6aze
JKUJIOTO ~ TOCEJEHUsT  Tle  IPOXKUBAIOT
corpynuuku LleHntpa. B HemocpeacTBeHHOMN

OJIM30CTH  OT HETO PACIOJIOKECHBI IOCETOK
I'amxueno, T. AJIEKCaHIPOBCK, T.
CHEXXHOTOpPCK M CYJOPEMOHTHBIN  3aBOJ
«Hepma»  (CP3). Ha CP3 «Hepna»

IPOMCXOIUT YTUJIM3AlMs CYOMapHH U CYAOB

Saida Bay. Storage in Saida Bay is
designed for preparation (conditioning) and
long-term storage of submarine reactor
compartments and highly active structural
other vessels and emerging SRW and LRW
during these operations.

Saida Bay is Kola Bay side arm located 60
km North of Murmansk (Fig. 1.1). The long-
term storage point (LSP) of the reactor
compartments of NS in Saida Bay was
established in 2004 on the basis of a coastal
technical base. However the disposal of nuclear
submarines and storage afloat of three-
compartment blocks of NS with nuclear
reactors began in 1990. The modern long-term
storage was created as part of the “Global
partnership” program to eliminate the "nuclear
legacy» and it was opened in 2011 as the
"Regional center for radioactive waste
management of Saida Bay" by NWC
«SeVRAO». Currently the Center is one of the
three largest and most modern RW storage
with a long operation period. It performs
operations for:

— installation for dry storage of NS reactor
compartments;

— storage of block-packages with vessels
compartments of nuclear technological
maintenance and ice breaker fleet;
-conditioning (fragmentation, pressing, water
jet and chemical cleaning, certification) and
long-term storage of all types of RW.

The center in Saida Bay will receive wastes
arriving from Andreeva Bay and storage in
Gremikha.

The Center in Saida Bay is built on the
basis of a residential settlement where the staff
of the Center live. There are Gadjievo
settlement, Alexandrovsk city, Snezhnogorsk
city and ship repair plant "Nerpa™ (SRP) in the
immediate vicinity from it. On SRP "Nerpa"
there is utilization of submarines and
technological support vessels, preparation of
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TEXHOJOTHYECKOr0 00ecIeueHus, Or0TOBKa
0JIOKOB M OJIOK-YITaKOBOK JJISI XpaHEHUSI.
Omoenenue  «l pemuxa»  Ceepo-
3aIaJHOro LIEHTpa «CeBPAO»
pEOpraHn30BaHO U3 OEperoBOil TEXHUYECKOU
6a3p1 CeBepHoro (ioTta, GyHKIMOHUPYIOIICH
¢ 1958 roma. Ornenenue HaxoAWTCS  Ha
ceBepo-BocTOUHOM  molepexkbe  Konbckoro
NoJyocTpoBa, Ha Oepery ryObl YepBsHOM
Moranbckoro perina CBATOHOCCKOTO 3aJIMBa,
BOMM3u ropoga OcCTpOBHOM. Otnenenue
yaaneHo ot r. Mypmancka Ha 280 KM K IOTO-
BocTOKY H Ha 350 km ot Bxoga B Kombckuit

3aJIUB. HazemHurIx nyTeu COOO0IIIeHNS
Otnenenne "['pemuxa" He umeer.
OcHoOBHOU byHKIHEH OTAEJICHUA

SBIISICTCS XpaHEHUE OTPa0OTaBIIETO SEPHOTO
tormmBa (OAT), B TOM 4dmcie TOIUIMBA
SIIEPHBIX PEAKTOPOB C KUIKOMETAIUTHYECKUM
TEIJIOHOCUTENIEM M PaJMOAKTUBHBIX OTXO/OB
(PAO).

[Tocnenuss Boirpy3ka OAT B ['pemuxe
6buta mposezieHa B 1992 r. C 1992 r. oObekT

HE OTBEYAaET COBPEMEHHBIM TPEOOBAHUSAM
SIIEPHOMN 0€30I1aCHOCTH. JlaHHBIC 1o
pazuanoHHOW OOCTaHOBKE HA TEPPUTOPHUH
OeperoBoii Texnuueckorr Oaze (BTH) B
I'pemuxe  MaJIOYUCICHHBL.  DKOJIOTHYECKH
3HAYUMYIO OIIaCHOCTHb MNpCaACTaBJIACT

moniaaka BpeMeHHoro xpaHeHuss TPO c
pa3sMCIICHHBIMM HAa HEW KOHTEMHEpaMH C
OTBC u BbicokoakTuBHBIMH TPO.

BpiBO3 siiepHBIX OTXO/JOB Hayajics B
2008 romy B pamMKax COBMECTHOI'O MPOEKTa
Pocatoma u ¢paHiy3ckoro Komuccapuara mo
aTroMHOM 3Hepruu. K HacTosiemMy BpeMeHU ¢
TEPPUTOPUH XpaHUIMILa BbiBe3eHbl Bce OTBC
pEeaKkTopoB c KUJKOMETAUIMYECKUM
termmoHocureneM (898 OTBC), B Tom uucie
BBITPYKEHbl U JIEMOHTHUPOBAaHbl aBapUHHBIE
BBIEMHBIE YaCTH BCEX PEAKTOPHBIX YCTAHOBOK.
Ha cynue «Poccuta» BbiBe3eHo 180 M TPO u3
500 m°, pa3MEUICHHBIX B XPaHUJIUIIE.
PeabunutupoBana TeppUTOPHS XPAHWIIHILA.
3aBepumienre sBakyanuu Bcex OTBC Oyner
3aBepmieHo B 2022 romy. OtpabGoTanHoe
SIIEPHOE TOILUIUBO JOCTABJISIETCSI Ha
HaKOMUTEIbHYIO TJIOIIAIKY OI'VII
"Atompnor" B MypMaHCK € TOCIEIyIOLICH
OTHIpaBKo# Ha nepepadoTky Ha [1O "Masxk".

Konvckuti  3anus  bapeHueBa  Mops

blocks and block-packages for storage.

The Gremikha Branch of the Northwest
center «SevRAO» was reorganized from the
Northern Fleet Coastal Technical Base
operating since 1958. The branch is located on
the north-east coast of the Kola Peninsula, on
the Chervyanaya Bay’s bank of the Yogansky
Raid of the Svaytonossky Bay, near Ostrovnoy
town. The branch is remote from Murmansk
city 280 km to the south-east and 350 km from
the entrance to Kola Bay. The “Gremikha”
Branch has no land routes.

The main function of the branch is storage
of spent nuclear fuel (SNF) including nuclear
reactors fuel with liquid-metal heat carrier and
radioactive waste (RW).

The last loading of SNF in Gremikha was
carried out in 1992. The facility has not met
modern nuclear safety requirements since
1992. Data on the radiation situation on the
territory of the coastal technical base (CTB) in
Gremikha are small. Ecologically significant
danger is presented by SRW temporary storage
site with containers with SHGA and highly
active SRW located on it.

The removal of nuclear waste began in
2008 as part of a joint project of Rosatom and
the French Atomic Energy Commissariat. To
date all the SHGA of reactors with liquid-metal
heat carrier (898 SHGA) have been removed
from the storage area including emergency
pull-out parts of all reactor plants have been
unloaded and dismantled. 180 m? of SRW from
500 m? placed in the storage were removed on
"Rossita” vessel. The storage territory is
rehabilitated. Completion of the evacuation of
all the SHGA will be completed in 2022. Spent
nuclear fuel is delivered to the consolidation
center of FSUE «Atomflot» in Murmansk with
subsequent sending for processing to PA
"Mayak".

Kola Bay of the Barents Sea has
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UMEET MHOTO(QYHKIIMOHATBLHOE 3HAYCHUE U
UCIIOJIB3YETCS B TPAXKIAHCKUX M BOCHHBIX
uensax. lIporsskeHHOCTD 3aKBa paBHa 57 KM, a
€ro mupuHa Bcero 7 kM. B 3a5MB Bnagarot nBe
kpynsusle peku — Koma um Tynoma. Peunoit
CTOK oO0ecreunBaeT IOCTOSHHOE CTOKOBOE
TEUEHUE U3 3alluBa B OTKPHITOE MOpEe U
OoOHOBJIEHME  BOJ. 3a  CYET  TEeIIoro
CeBepoaTIaHTUYECKOTO TEUEHHUS U MPUIIUBOB,
B 3QJMB TMOCTyHNAlOT MOpPCKHE BOABL, a
aKBaTOPHS 3aJIMBa HE 3aMep3aeT 3umoii [5; 6].

Konbckuil 3anuB sBIsE€TCA BaXKHEUILIEH
TPaHCIIOPTHOM aprepuent cesepa Poccun u
JIOTUCTUYECKUM IEHTPOM MOPCKON APKTHKH.
Mopexo3siiicTBeHHass JESITeIbHOCTh pa3BUTA
Ha BceM NpoTsbkeHuH 3anuBa. Ha Oeperax
noctpoeHsl ropoaa Cesepomopck, IlonspHsii,
Mypwmanck, nocenku CadonoBo, Pocmisikoso,
cena MwuiykoBo, MuHbKkMHO, Mexaypeube,
benokamenka, CeBEepOMOPCKHUI  BOCHHBIN
nopT, MypMaHCKUI MOPCKOW pBIOHBIA MOPT,
MypMaHCKHUIA  MOpPCKOM  TOProBBIA  MOPT,
CyZJOPEMOHTHBIE 3aBOJIBI. OcHoBHas
MOPEXO034MCTBEHHAsI JEATEIBHOCTh CBS3aHA C
MyPMaHCKUM TOPTOM. 3ajuB MOABEPKEH
CUJIBHOMY TEXHOT€HHOMY BO3JCHCTBHIO U

3arps3HseTCs  PasHOOOPa3HBIMH  OTXOJaMHU
IIPOMBIIITICHHON NEATENbHOCTH u
PaaUOHYKIMIAMH. B MHOT'OYHUCJICHHBIX

MPUOPEKHBIX OyXTax 3alliBa PaCIOJIOKEHBI
00BEKTH HHPPACTPYKTYPbI ATOMHOTO (JI0Ta, B
oM uwrciie Tyosl Onenbs u Caiina.

B KoabckoM 3anmMBe  HaxoJauTCA
KOHEYHBIM MYHKT MOPCKON TPaHCIOPTUPOBKHU
PAO wu3 xpanwmmny B rybe AnHapeeBa u
otaeneHun  «I'pemuxay —  DeaepaibHOE
rOCyJapCTBEHHOE YHUTapHOE MPEANpUsiTUE
«ATomdproT». OI'VII «ATtomdproT»
peHa3HAYEHO TUTSt o0ecrieueHHs
JKCILTyaTaluu u TEXHOJOTHYECKOIO
00CTy>KUBaHUSI aTOMHBIX JIEIOKOJIOB U CYJOB
BCIIOMOTaTeNbHOr0 (JIoTa, B TOM 4YHCIE JUIS
oOpaieHus ¢ paMOaKTUBHBIMU OTXOJAMH U
0TpaboTaBIINM AJIEPHBIM TOTUIMBOM.
[Ipennpusitue  pacmoiiodkeHO B JIBYX
KUJIOMETpax OT CEBEPHOM TIpaHUIbl Topoja
MypmaHCKa Ha YCIOBHOHM I'DAaHMIIEC F0KHOTO U
cpeanero kosieH Konbckoro 3anusa.

multifunctional significance and is used for
civil and military purposes. The extent of the
bay is 57 km and its width is only 7 km. Two
major rivers, Kola and Tuloma, fall into the
bay. River flow provides constant flow current
from the bay to the high sea and water renewal.
Due to the warm North Atlantic current and
tides, sea waters enter the bay and the water
area of the bay does not freeze in winter [5; 6].

Kola Bay is the most important transport
artery of the North of Russia and the logistics
center of the marine Arctic. Marine economic
activities are developed throughout the bay.
Towns have been built on the coastline:
Severomorsk, Polyarny, Murmansk,
settlements Safonovo, Roslyakovo, villages
Mishukovo, Minkino, Mezhdurechje,
Belokamenka, Severomorsk military port,
Murmansk Sea Fish  Port, Murmansk
Commercial Seaport, ship repair plants. The
main marine economic activity is connected
with the Murmansk port. The bay is subject to
heavy technogenic impact and is contaminated
by a variety of industrial activity wastes and
radionuclides. Atomic fleet infrastructure
facilities are located in numerous coastal bays
of the bay including Olenjya and Saida Bays.

In the Kola Bay is situated the final point of
sea transportation of RW from storages in
Andreeva Bay and the branch "Gremikha" -
Federal state unitary enterprise "Atomflot."
FSUE «Atomflot» is intended to provide
operation and technological maintenance of
nuclear ice breakers and vessels of the
auxiliary fleet including for management of
radioactive waste and spent nuclear fuel. The
enterprise is located two kilometers from the
northern border of Murmansk city on the
conditional border of the southern and middle
parts of Kola Bay.
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2. Marepuajibl U1 METOAbI

2.1. JkcneUIIUOHHBIH COOP TAHHBIX

IIpoBenenue CHUCTEMAaTUYECKUX
KOMIUIEKCHBIX 9KOCHUCTEMHBIX MCCIIEIOBAHUN B
npuOpeXHO  30HE  apKTUYECKHX  Mopei
SIBJISIETCS OCHOBOH HaAOJIFOIEHUN 3a
W3MEHEHUSIMU dona PaaNOAKTUBHBIX
3arpsi3HEHUII  Ha  y4yacTKaxX  BBIMOJHEHHS
TPAHCHOPTHBIX  ONEpauid €  OMacCHBIMH
paAMoOaKTUBHBIMU OTXonaMu. B xone paboThl
U3Yy4yaloTCsl BCE€  YPOBHH  3KOCUCTEMHOM
OpraHM3alM Ha Yy4YacTKax IOTEHIMATIbHOTO
pucka,  abWOTHUecKMe ¥  OMOTHYECKHe
coctapismomue. B cucremy wucciaegoBaHHit
BKIIFOUEHBI MOPCKHE OOBEKTHI Pa3HOrO THIA:
yAaJICHHBIC MPUOPEIKHBIE OYXTBI c
UHPPACTPYKTYpPOH  OEperoBbIX  XPaHUIIMIL]
PAO; mnpubOpexHas 30Ha OTKPBITOTO MOPS
(MoToBckHMIl 3aJIUB); TMPOTSXKEHHBIE MOPCKHUE
MapuIipyThl Ha  3arpyKeHHBIX  MOPCKHX
TPAHCHOPTHBIX  apTepUsix €  Pa3BUTOMN
COLMATTBHO-X035IICTBEHHOM CTPYKTYpOil
(Konbckuii 3aJIMB). CoOOTBETCTBEHHO
SKCIETUIIMOHHBIE HUCCIIEJOBaHUSI OOBEKTOB
MPOBEICHBI c UCIOJIb30BaHUEM
COOTBETCTBYIOIINX, aJCKBAaTHBIX H3y4aeMOMY
00BeKTY, moaxo10B (puc. 2.1):

— MOpCKasi SKCIEeAULIHS Ha
cnenuanusupoBanHoM cynHe HUC «/lanbHue
3eneHIIbI»;

— MOPCKUE UCCIIEIOBAHMS HA MAJIOMEPHBIX

IJIaBCPEACTBAX;

— OeperoBbie IKCIETUITUN Ha aBTOMOOUITFHOM
TPaAHCIIOPTE U MOPCKOM MaCCaKUPCKOM
tpancnopte (OctpoBHOI/I pemuxa).

C6op mpobd BomOpoOCHEH-MaKpopUTOB B
KonbckoMm 3anuBe mapajuieibHO MapuIpyTy
HUC «J/lanbaue 3eieHIb» BBIIOJIHEH B
OeperoBoil aBTOTPAHCIIOPTHOM IKCIIEIUIIUU.

2. Materials and Methods
2.1. Sampling during expedition

Carrying out of systematic complex
ecosystem research in the coastal area of the
Arctic seas is the basis of observations for
changes of the radioactive contaminations
background at the sites of carrying out of
transport operations with hazardous radioactive
waste. All the levels of ecosystem organization
at potential risk sites, abiotic and biotic
components are examined during the work.
Different types of marine objects are included
in the research system: remote coastal bays
with infrastructure of RW coastal storage;
coastal area of open sea (Motovsky Bay);
extended sea routes on loaded sea transport
arteries with a developed social and economic
structure (Kola Bay). Accordingly,
expeditionary research of objects has been
carried out using appropriate approaches
adequate to the object under study (Fig. 2.1):
— sea expedition on the specialized vessel RV
"Dalnie Zelentsy";
— marine researches on small-scale watercraft;
— coastal expeditions on road transport and
marine passenger transport
(Ostrovnoy/Gremikha).

Samples collection of algae-macrophytes in
Kola Bay parallel to the route of RV "Dalnie
Zelentsy" is carried out in the coastal road
transport expedition.
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Fig. 2.1. Areas of expeditionary research and points of water samples collection of bottom

sediments and biota, 2017-2018.
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2.1.1. Dkcnenuuus HA HAYYHO-
HCCJIeI0BATEILCKOM cyaHe " JlanbHue
3enenunr’’, 26-31 oxkrsiops 2017 r.

DOKcneauIusl TMpoBeJeHA Ha HAy4YHO-
HCCIIEI0BATEIbCKOM CyJIHE "lanbHue
3enenupl". CypoBnazaeneny — MHHUCTEPCTBO
oOpa3oBanus u Hayku Poccuiickoit deneparnuu
(Muno6puayku P®D).

Cpoxu pabom u mapuipym 3Kcneouyuu

Okcnenuims mpoBeaeHa ¢ 26 mo 31
okTsiOpss 2017 r. Paiion paboT sKcneaunuu

oxBatuil Koiabckuii M MOTOBCKHI 3aIWBEIL
MapmipyT, pacnojio)KeHHE U  KOOPAUHATHI
CTAaHUMH OJKCOEOWIMHA, a TaKke o00beM

BBITIOJIHEHHBIX paboT MpeacTaBieHsb! Ha puc 2.1
u B Taou. 2.1.

Lenu u 3a0auu sxcneduyuu

Llenpro gaHHOW SKCHEAWIIUN SBISCTCS

MpPOBEJCHUE  HAyYHBIX  HUCCJIEJIOBAHMI B

Koneckom u  MOTOBCKOM  3aiiuBax MO

MaplupyTaM MOpckKod TpaHcnopTupoBku OAT

W3 XpaHuWiuia B ryoe AHapeeBa B MypMaHCK

Ha  HakomuTenbHyr  Iwomanky — OI'VII

«ATomdproT».

B coorBercTBUM ¢  BBIIEYKa3aHHOU

LEJIbIO TIOCTABJICHBI CJIEAYIOIINE 3aJauHn:

- OMpeAeNIeHHE TUIPOJOTUUECKUX MMapaMeTpoB
BOJIHOU CpEJIbI.

- orbop mpoO BOJBI M JOHHOTO OCajKa IS
ornpezeNeHus] KOHLUEHTPAUUN 3arpsA3HSIONINX
BemiecTB B Jaboparopusix MMBU u npyrux
OpraHu3aIui.

Cooepoicanue u o6vem pabom,

BbINOJIHEHHBIX 8 X00€ IKCneouyuu

Bcero  xome  skcmemummu  OBLIO

BBITIOJIHEHO 25 cTaHiuid. Buasl u o6bem pabdor,

BBITIOJIHEHHBIX Ha KaKJI0M CTaHIUH,

npeacTaBieH B Tabm. 2.1.

OxeaHnozpaghuueckue uccie0o8anus
[TpodunupoBanue BOJTHOM TOJIIIA
BeImoNHsIoch ¢ nomompio  CTJI-30Hma
SEACAT SBE 19 na 25 crannusx (puc. 2.1).
Coop npob 015 onpedenenus

PAOUOHYKAUOO8
Marepuan ucciaeaoBaHUN — MOpCKas
BOJA, MMOBEPXHOCTHBIN clion JOHHBIX

OTJIO)KEHUH U KOJOHKM JOHHOTO OCaJKa,
BOZIOPOCIIM-MAaKpO(UTHI, OTOHMpancs B XoJe
skcreauimy Ha HYC " lanpaue 3eneHIs! .

Jlna onpenenenust ¥'Cs mu3 BepxHero
cyiost BoJbl otobpano 18 mpob oobpemom 100 i

2.1.1. Expedition on board research vessel
"Dalnie Zelentsy™, 26-31 October, 2017

The expedition was carried out on the
research vessel "Dalnie Zelentsy". Shipowner
is the Ministry of Education and Science of
the Russian Federation (Ministry of Education
and Science of the RF).

Terms of work and route of the expedition

The expedition was conducted from 26
October to 31 October, 2017. The area of the
expedition works covered Kola and Motovsky
Bays. The route, location and coordinates of
the expedition stations as well as the scope of
works performed are shown in Fig. 2.1 and
Table 2.1.

Purposes and tasks of the expedition

The purpose of this expedition is to carry
out scientific research in Kola and Motovsky
Bays along the routes of SNF sea
transportation from the storage in Andreeva
Bay to Murmansk on FSUE «Atomflot»
storage site.

In accordance with the above purpose the
tasks are:

- determination of hydrological parameters of
aquatic environment;

- sampling water and bottom sediments to
determine  concentrations of  polluting
substances in MMBI laboratories and other
organizations.

Content and scope of work performed
during the expedition

In total, field works were carried out on 25
stations during the expedition. Types and
scope of works performed at each station are

shown in Table 2.1.

Oceanographic research
Water thickness profiling was performed

using CTD Profiler SEACAT SBE 19 at 25

stations (Fig. 2.1).

Samples collection for
radionuclides

The material of the research - sea water,
surface layer of bottom deposits and columns
of bottom sediment, algae-macrophytes was
selected during the expedition on the RV

"Dalnie Zelentsy".

To determine the **’Cs from the upper
layer of water 18 samples of 100 L volume

definition of
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u3 BepxHero ciost 0-1 M, U3 IPUIOHHOTO ClOs
B3ATHI TpoObl Ha 9  cranmmsax. Jlus
OnpeAeIeHUN N0Sr BisTeI 16 mpo0 BOABI
o6bemoM 30 1 U3 BepXHETOo ciiosi U & mpobd — u3
npuoHHOTO ciios (puc. 2.1, Tadm. 2.1).

B Bepxuem (0-2 cM) cioe JOHHOTO
ocanmka otoOpaHo 36 mpoO ¢ MOMOIIBIO
nHoueprarens Ban-Buna (tabn. 2. 1). Kpome
9TOro, Ha & cTaHmHMAX OTOOpaHbI KEPHEI
JIOHHOTO O0CaJIka C IOMOIIBIO TUIACTUKOBOTO
npobooToopHuKa (Tadu. 2.1).

Bopopocnu-makpodursl BumoB Fucus
vesiculosus u Ascofillum nodosum B3sTel Ha
pasHBIX ydacTKaX B 30HE OCYIIKH B TOYKax
MakcHuMaabHOro oimBa (puc. 2.1, tadm. 2.1).

were taken from the upper layer of 0-1 m,
samples were taken from the benthonic layer
at 9 stations. 16 samples of water with volume
of 30 L from the upper layer and 8 samples
from the benthonic layer were taken for
determination of °°Sr (Fig. 2.1, Table 2.1).

36 samples were taken in the upper (0-2
cm) layer of the bottom sediment using a Van
Veen Bottom Grab (Table. 2. 1). Besides cores
of bottom sediments are selected at 8 stations
with the help of the plastic sampler (Table.
2.1).

Algae-macrophytes of species Fucus
vesiculosus and Ascofillum nodosum are taken
at different sites in the drying zone at points of
maximum outflow (Fig. 2.1, Table 2.1)

2.1.2. Jxcnenunus B ryoy Caiiga
(Koabckuii 3a,14B)
Cpoxu pabom u mapupym 3Kcneouyuu
DKcneauiys MpoBe/ieHa B nmepuoa ¢ 23
okTsiOpst w26 oxTsa6ps 2018 r Ha
ABTOMOOWJIIBHOM  TpPaHCHOpPTE U MabIX
IIaBcpeacTBax (pe3uHoBas Jjogka) (puc. 2.1).
Breixon skcmeauIuu OCYIIECTBISJICS B JIBa
dTama B CBSI3U C TOTOJHBIMH YCIOBUSIMH H
KOPOTKHUM CBETOBBIM IEPHUOIIOM.
Lenu u 3a0auu sxcneduyuu
Lenbto SKCTIETUITUI SIBJISIIOCH
MPOBEJICHUE HAYYHBIX PaMOIKOIOTHIECKUX
UCCIIEIOBAaHUM B aKBaTOpUuU TIyObl — MecTe
HAXO0XJICHUS TOTCHIMAIBHBIX pPaJAallMOHHO-
OMACHBIX OOBEKTOB, B  JOCTYNHBIX IS
ucclieIoBaHus Toukax (puc. 2.2).
B cooTBeTcTBHM ¢  BBbIIIEYKa3aHHOM
[EJTbI0 OBUTH TTOCTABIICHBI CIIEIYIOIIHE 3a1a4H:
- - oTOop mpob BoxbI U3 BepxHero cios 0-1
M B pa3lIMYHBIX YACTIX T'yOBI;
orbop 1poO JTOHHOTO
MOBEPXHOCTHOM CIIO€;
- - 0TOOp P06 MOPCKOM OMOTHI;

ocamka B

2.1.2. Expedition to Saida Bay (Kola Bay)

Terms of work and route of the expedition

The expedition was conducted during the
period of 23 October and 26 October 2018 by
road transport and small watercrafts (rubber
boat) (Fig. 2.1). The expedition exit was
carried out in two stages due to weather
conditions and a short light period.

Purposes and tasks of the expedition

The purpose of the expedition was to carry
out scientific radioecological researches in the
water area of the bay, the location of potential
radiation-hazardous  objects in  points
available for research (Fig. 2.2).

In accordance with the above purpose the
following objectives were set:
sampling water from the top layer 0-1
m in different parts of the bay;
- - sampling of bottom sediment in
the surface layer;
- sampling of marine biota;
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Puc. 2.2. PacnionoxeHue 1ioaaky T0JroBpeMeHHOro xpaneHus u tanamadr [entpa mo
oOpareHuto ¢ paanoakTUBHBIMU oTxofamu Caiina-I'y6a /
Fig. 2.2. Location of the long-term storage site and landscape of the Radioactive Waste
Management Center of Saida Bay

Cooepoicanue u 0b6vem pabom,
BbINOIHEHHBIX 8 X00€ IKCNeOuyuu

PaccTtaHoBka cTaHIMI NpOW3BEIECHA C
y4eTOM  OCOOEHHOCTEH ©  BO3MOXKHOCTEH
ycnenrHoro orbopa mnpod. Bcero B xome
SKCIENULMY OBLIM BBIINOJIHEHBI 5 CTaHIUI.
[Tooxenne Touek 0TOOpPa MPOO BHITOITHEHO C
nomomeio  GPS-naBuraropa.  KoopauHatb
CTaHIMM SKCIEeIUIUU TPEACTaBIEeHbl B TaOIl.
2.2.

Coop npob ons onpedenerus
PAOUOHYKIUOO8

Marepuan s UCCIE€NOBaHUUA  —
MOpCKasi BOJIa, JOHHBIC OTIIOKEHUS BEPXHETO
cios ocaakoB 0-3 cM, BOZOPOCIU-MaKPODHTHI.

Jlns onpenenenns *'Cs B Bome Ha 2-x
CTaHIUAX B3ITHI MpoOBl oOveMoMm 100 n1 u3
BepxHero cinos 0-1 M B pasHBIX yyacTKax
Bogoema. /s onpenencHnii St B3sATHI POOEI
obbemoM 20 1 (puc. 2.1, Tabm. 2.2).

[IpoObI MTOHHBIX OTJIOKEHHWH B3ATHI W3
30HBI OCYLIKM B CaMOW HHU3KOW TOYKE OTJIMBA
(puc. 2.1, Tabm. 2. 2).

Bopopocnu-makpodursr BumoB Fucus
vesiculosus u Ascofillum nodosum B3srer Ha
JBYX Pa3HBIX y4acTKax I'yObl B 30HE OCYIIKH B
TOYKaX MaKCHMAaJIbHOI'O OTJIHNBA.

Content and scope of work performed
during the expedition

The arrangement of stations was made
taking into account the peculiarities and
possibilities of successful sampling. In total 5
stations were performed during the expedition.

Points provision of sampling was carried
out using GPS navigator. Coordinates of
expedition stations are given in Table. 2.2.

Collection of samples for radionuclide
definition

Material for research - sea water, bottom
deposits of the upper layer of precipitations 0-
3 cm, algae-macrophytes.

Samples of 100 L volume were taken in
water at 2 stations from the upper layer of 0-1
m in different areas of the reservoir to
determine ¥'Cs. Samples of 20 L volume
were taken for determination of *°Sr (Fig. 2.1,
Table 2.2).

Samples of bottom sediments were taken
from the drying zone at the lowest point of
outflow (Fig. 2.1, Table 2. 2).

Algae-macrophytes of the species Fucus
vesiculosus and Ascofillum nodosum were
taken on two different sections of the bay in
the drying zone at points of maximum outflow.
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2.1.3. Dkcnenuuusi B pailoH XpaHWJINIIA
OAT «I'pemuxar»

Cpoxu pabom u mapwpym sxcneouyuu

Okcnenuuus NMpoBesieHa B NMepuos ¢ 26
ceHTsA0ps mo 1 okts6ps 2018 r. Xpanumuiie
OAT «otmenenne I'pemuxa» He HUMeeT
aBTOTPAHCIIOPTHOTO COO0O0IIIEeHUSI. Ha
aKBaTOPHUIO IIPOJIMBA Nokaubrekuii peun, rae
pacrlojio’)KEHO  XpaHWJMILE, HE pa3peleH
MpPOXOJ MOPCKHX CYJOB KOMMEPYECKOTO U
HAyyHOro Ha3zHayeHHs. B KkauecTBe cpencrBa
JIOCTaBKH HKCIEIULIUUA HCIOJb30BaHO CYJIHO
PETryJISIPHOTO  MAcCaXUPCKOrO0  COOOIIEHUS
«Knapnus Enanckas», C BBIXOJIOM W3 MOPTa
Mypwmanck (puc. 2.1).

Lenu u 3a0auu sxcneouyuu

Ilenpio JaHHOM SKCOEAUILIMHU SIBIISIIOCH
MPOBEJCHUE HAYUYHBIX PaATUOIKOIOTHUYECKUX

UCCIICJOBAHMM B aKBAaTOpUM  IIPOJIMBA
HNokanbrckuii pex — B JOCTYHHBIX UL
VICCIICIOBAHMUS TOYKaxX aKBaTOPHH,

npuMbIKaromen K miomaake xpanenuss OAT u
TPO (puc. 2.3).
B coorBercTBUM C BBINIEYKa3aHHOU
ENTBI0 OBUTH TIOCTABIICHBI CIICAYIOIIHNE 3aauu:
- - otbop mpoOb BoabI U3 BepxHero cios 0-
1 M B pa3iIMyHBIX YacTsX TyOBI;
oTOop mpod MJOHHOTO Ocaaka B
MIOBEPXHOCTHOM CIIOE;
- - 0oT0Op mpoO MOPCKOM OUOTHI

2.1.3. Expedition to the area of
"Gremikha" SNF storage
Terms of work and route of the expedition

The expedition was conducted during the
period of 26 September and 1 October 2018.
The storage of SNF "Gremikha Branch™ does
not have any road connection. On the water
area of Yokangsky Raid strait, where the
storage is located, is not allowed to pass sea
vessels for commercial and scientific
purposes. The vessel of regular passenger
service "Klavdia Elanskaya" was used as a
means of the expedition delivery leaving the
port of Murmansk (Fig. 2.1).

Purposes and tasks of the expedition

The purpose of this expedition was to
carry out scientific radioecological researches
in the water area of the Yokangsky Raid Strait
in the available for research points of the
water area adjacent to the storage site of SNF
and SRW (Fig. 2.3).

In accordance with the above purpose the

following objectives were set:

- sampling water from the top layer 0-1 m
in different parts of the bay;

- sampling of bottom sediment
surface layer;

- - sampling of marine biota

in the

Puc. 2.3. Pacnonoxenue u tanamadr B paitone xpanmuine OST «oraenenue ['pemuxay /
Fig. 2.3. Location and landscape in the area of SNF storage of the "Gremikha branch™.
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Cooepoicanue u obvem pabom,
8bINOJIHEHHBIX 8 X00€ IKCNeOUyUuu

PaccranoBka cranmmii orbopa mpod
NpoOM3BEACHA C  Y4eTOM  OCOOCHHOCTEH
TUAPOJIOTUM  BOJOEMOB,  PaBHOMEPHOCTH
OCBEIICHHUS YYACTKOB MCCIICIOBAHUS U JOCTyIA
K HUM. Bcero B Xome OKCHEAWIMH OBLIH
BBIIOJIHEHBI 3 KOMIUIEKCHBIC  CTaHIIHH.
[Tonoxxenne Touek oTOOpa MPOO BBHIMOIHEHO C
nomombio  GPS-naBuratopa. Koopaunatsl
CTaHIIMI JKCHEAWIIMU TPEACTABICHBI B TaOIl.
2.3.

Coop npob ons onpedenenus
PAOUOHYKAUOO8

Marepuan Il UCCIEOOBAaHUM  —
MOpCKasi BO/Ia, JOHHBIC OTJIOXXEHHUS BEPXHETO
ciost ocanikoB 0-3 cM, BOZOPOCIU-MAaKPO(HTEHI.

Jlna onpeneneans “'Cs B Bome Ha 2-X
CTaHIMSAX B3ATHl MpoObl obbemMom 100 nm w3
BepxHero ciosi 0-1 M B pa3HBIX yyacTKax
Bonoema. J{ns onpenenenuit *°Sr B3ATHI IPOGHI
o6wsemom 20 1 (puc. 2.1, Tabm. 2.3).

JIoHHbIE  OTJIOKEHUS  MOBCIOAY B
npuOpeKHON 30HE TMPOJTUBA MPEICTABICHBI
KPYIHBIM KaMEHHBIM MaTepUajoM U TpaBUEM.
Ot6op mpoO oKa3ancs BO3MOXKEH JHINb Ha
ONHOM CTAHIIMA B BOCTOYHOM OKOHEYHOCTH
npojiuBa, B pailioHe noceiaeHus OCTpOBHOM
(puc. 2.1). MeTaUIMYECKHUM  TPYHTOBBIM
poO0OTOOPHUKOM OTOOpaHBI 2 MapajiebHbIe
npoObl  JIOHHOTO OCajJKa B 30HE OCYIIKH Ha
caMoi HU3KOM Touke oTimBa (Tadm. 2.3).

Bonopocnu-makpoduter BugoB Fucus
vesiculosus u Ascofillum nodosum B3sTel Ha
JIBYX Pa3HBIX y4acTKax I'yObl B 30HE OCYIIKU B
TOYKAaX MaKCHMaIbHOro oriauBa (tabi. 2.3).

Onu301bl  AKCHETUIIMOHHOTO  cOopa
po0 moKa3aHbl Ha puc. 2.4-2.9.

Content and scope of work performed
during the expedition

The arrangement of sampling stations was
made taking into account the peculiarities of
reservoir hydrology, uniformity of research
sites lighting and access to them. In total 3
complex stations were carried out during the
expedition. Sampling points provision was
carried out using GPS navigator. Coordinates
of expedition stations are given in Table 2.3.

Collection of samples for radionuclide
definition

Material for research is sea water, bottom
deposits of the upper layer of precipitation 0-3
cm, algae-macrophytes.

Samples of 100 L volume were taken in
water at 2 stations from the upper layer of 0-1
m in different areas of the reservoir to
determine *’Cs. Samples of 20 L volume
were taken for determination of *°Sr (Fig. 2.1,
Table 2.3).

Bottom deposits are represented by large
stone material and gravel everywhere in the
coastal zone of the strait. Sampling was
possible only at one station in the eastern edge
of the Strait in the area of Ostrovnoy
settlement (Fig. 2.1). The metal soil sampler
collected 2 parallel samples of bottom
sediment in the drying zone at the lowest point
of outflow (Table 2.3).

Algae-macrophytes of species Fucus
vesiculosus and Ascofillum nodosum were
taken on two different sections of the bay in
the drying zone at points of maximum outflow
(Table 2.3).

Episodes of expeditionary sampling are
shown on Fig. 2.4-2.9.
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Puc. 2.4. [IpoBenenue rugpoIornueckux uccieaoBanuii u oroop mpod Boasl Ha HUC " lanbHue
3eneHnsr /
Fig. 2.4. Carrying out hydrological studies and water sampling at RV "Dalnie Zelentsy"

Puc. 2.5. Ocaxnenne 3'Cs na copbent "Andex". OT60p nmpobsI ceMMEHTOB /
Fig. 2.5. Deposition of **Cs on "Anfezh" sorbent. Sediments sampling.
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Puc. 2.6 UccnenoBanus B npudpexbe ryost Caiina, 23-26 oxts6ps 2018 r. /
Fig. 2.6 Saida Bay coastal researches, 23-26 October, 2018

Puc. 2.7 Jlanamadt u JOHHBIE TPYHTHI B 30HE ocyinku B ryoe Caiima /
Fig. 2.7 Landscape and bottom soils in the drying zone in the Saida Bay
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Puc. 2.8. Jlannmadt u 1OHHBIE TPYHTHI B 30HE OCYILKU B paiione I'pemuxu /
Fig. 2.8. Landscape and bottom soils in the drying zone in Gremikha area

Puc. 2.9. Ot60p mpoO JOHHOTO OCajKa MOYBOOTOOPHUKOM B paiioHe otaeneHus [ pemmxa /
Fig. 2.9. Sampling of bottom sediment by soil collector in the area of Gremikha Branch
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Koopaunatel cTaniuii, Xxapaktep U 00beM BBITTOJIHEHHBIX padoT B akcnenuiuu Ha HUC
"Nanbuue 3eneHisr”, 26-31 okTsiops 2017 1.

Tabmnuua 2.1

Bogna Bona
Ne Jlara I'myOuHa, Koopaunatst cTD buo BepXHHH NIPH/IOHHBIN JIOHHBIN 0caoK
CTaHLIUU M Ta (078 cion
mMpoTa | J0AroTa Cs-137 | Sr-90 | Cs-137 | Sr-90 | 0-2 cm | Kostonka
1 31.10.17 111 6856.96 | 3300.76 1 - 1 1 1 1 2 2
2 30.10.17 33.3 6858.82 | 3302.69 1 1 1 1 - - 2 2
3 30.10.17 25 6901.61 | 3302.32 1 1 1 1 - - 2 2
4 30.10.17 27 6903.76 | 3304.04 1 - - - - - - -
5 30.10.17 42.7 6904.28 | 3307.25 1 - 1 - - - 1 1
6 30.10.17 65 6904.35 | 3311.32 1 2 - - - - 1 -
7 30.10.17 98 6906.03 | 3321.66 1 2 1 1 1 - 2 1
8 29.10.17 161 6908.18 | 3325.93 1 - - - - - 1 -
9 29.10.17 97 6911.38 | 3333.89 1 - 1 1 1 1 2 2
10 29.10.17 102 6911.96 | 3333.72 1 - - - - - - -
11 29.10.17 163 6914.80 | 3333.16 1 - 1 1 1 1 2 2
12 29.10.17 217 6916.55 | 3332.54 1 - 1 1 - - - -
13 29.10.17 30 6916.12 | 3327.57 1 - - - - - 1 -
14 28.10.17 63.7 6917.02 | 3328.12 1 - - - - - 1 -
15 28.10.17 60 6925.01 | 3328.58 1 - - - - - 2 -
16 28.10.17 116 6926.22 | 3315.10 1 - 1 1 1 1 2 -
17 28.10.17 60 6928.64 | 3304.54 1 - 1 1 1 1 1 -
18 27.10.17 56 6928.20 | 3253.05 1 - 1 1 - - 2 -
19 27.10.17 42 6929.36 | 3239.82 1 - 1 1 - - 2 -
20 27.10.17 138 6929.98 | 3235.70 1 - 1 1 1 1 2 -
21 27.10.17 134 6931.09 | 3234.01 1 - 1 - - - 2 -
22 27.10.17 211 6934.40 | 3229.35 1 - 1 1 - - 1 1
23 28.10.17 253 6932.14 | 3256.73 1 - 1 1 - - 1 -
24 28.10.17 278 6930.64 | 3300.54 1 - 1 1 - - 2 -
25 28.10.17 40 6922.03 | 3330.11 1 - 1 1 1 1 2 -
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Table 2.1

Stations coordinates, nature and scope of works performed in the expedition on the RV "Dalnie

Zelentsy," 26-31 October, 2017.

. Water Water_ Bottom
N.g Date Depth, Coordinates CTD| Biota top layer benthonic sediment
station m layer
Latitude | Longitude Cs-137 | Sr-90 | Cs-137 | Sr-90 |0-2cm| Core
1 31.10.17 111 |6856.96 | 3300.76 1 - 1 1 1 1 2 2
2 30.10.17 33.3 |6858.82 | 3302.69 1 1 1 1 - - 2 2
3 30.10.17 25 6901.61 | 3302.32 1 1 1 1 — - 2 2
4 30.10.17 27 6903.76 | 3304.04 1 - - - - - - -
5 30.10.17 42.7 6904.28 | 3307.25 1 - 1 - - - 1 1
6 30.10.17 65 6904.35 | 3311.32 1 2 - - - - 1 -
7 30.10.17 98 6906.03 | 3321.66 1 2 1 1 1 - 2 1
8 29.10.17 161 6908.18 | 3325.93 1 - - - — — 1 -
9 29.10.17 97 6911.38 | 3333.89 1 - 1 1 1 1 2 2
10 29.10.17 102 6911.96 | 3333.72 1 - - - - - - -
11 29.10.17 163 6914.80 | 3333.16 1 - 1 1 1 1 2 2
12 29.10.17 217 6916.55 | 3332.54 1 - 1 1 - - - -
13 29.10.17 30 6916.12 | 3327.57 1 - - - - - 1 -
14 28.10.17 63.7 6917.02 | 3328.12 1 - - - - - 1 -
15 28.10.17 60 6925.01 | 3328.58 1 - - - — — 2 -
16 28.10.17 116 6926.22 | 3315.10 1 - 1 1 1 1 2 -
17 28.10.17 60 6928.64 | 3304.54 1 - 1 1 1 1 1 -
18 27.10.17 56 6928.20 | 3253.05 1 - 1 1 - - 2 -
19 27.10.17 42 6929.36 | 3239.82 1 - 1 1 - - 2 -
20 27.10.17 138 6929.98 | 3235.70 1 - 1 1 2 -
21 27.10.17 134 6931.09 | 3234.01 1 - 1 - - - 2 -
22 27.10.17 211 6934.40 | 3229.35 1 - 1 1 — - 1 1
23 28.10.17 253 6932.14 | 3256.73 1 - 1 1 - - 1 -
24 28.10.17 278 6930.64 | 3300.54 1 - 1 1 - - 2 -
25 28.10.17 40 6922.03 | 3330.11 1 - 1 1 1 1 2 -
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Tabnuna 2.2
Koopaunatel cTaHIui, Xxapakrep 1 00beM BBITTOTHEHHBIX paboT B ry6e Caiina, 23-26.10.2018 1.

Bona Bona N
Ne I'myOuHa, Koopaunarst BEPXHUI MIPUOHHBIN Howmbili
CTaHLIUU Hara M Brora CcJI0H clon ocajok
IIMpoTa | I0J0Ta Cs-137| Sr-90 | Cs-137 | Sr-90 0-2 cm
1 23.10.2018 0-1 6914.89 | 3313.38 2 - - - - 1
2 23.10.2018 0-1 6914.82 | 3313.24 - 1 1 - - -
3 25.10.2018 0-1 6926.88 | 3327.10 1 - — —
4 25.10.2018 0-1 6926.90 | 3326.10 — 1 1 - — —
5 26.10.2018 0-1 6926.86 | 3327.08 - - - - - 1
Table 2.2
Stations coordinates, nature and scope of works performed in Saida Bay, 23-26.10.2018
. Water Water Bottom
stgc(_;on Date Denath, _Coordmate_s Biota top layer benthonic layer | sediment
Latitude | Longitude Cs-137| Sr-90 | Cs-137 | Sr-90 0-2 cm
1 23.10.2018 0-1 6914.89 | 3313.38 2 - - - - 1
2 23.10.2018 0-1 6914.82 | 3313.24 - 1 1 - - -
3 25.10.2018 0-1 6926.88 | 3327.10 1 — - -
4 25.10.2018 0-1 6926.90 | 3326.10 - 1 1 - - -
5 26.10.2018 0-1 6926.86 | 3327.08 - - - - - 1
Tadmuma 2.3

KoopauHaTel cTannuii 1 00beM BBITTOJIHEHHBIX pa0OT B IMIPOJIUBE Nokanbrekuii pein,
26.09-01.10.2018 r.

Bona Bona o
I'myOuHa, Koopaunatst BEPXHUI MIPUOHHBIN Houtbiit
Ne cranuun Jara buora N o 0CaJIOK
M CJIion CJIOn
IHAPOTA | JIOJTOTA Cs-137| Sr-90 |Cs-137| Sr-90 | 0-2cm
1 29.09.2018 0-1 6806.027 | 3952.022 - 1 1 - - -
2 29.09.2018 0-1 6807.567 | 3946.358 1 1 1 — — —
3 29.09.2018 0-1 6805.787 | 3951.825 2 - - - - 2
Table 2.3
Stations coordinates and scope of works performed in Yokangsky Raid Strait,
26.09-01.10.2018
. Water Water_ Bottom
Ng Date Depth, Coordinates Biota top layer benthonic sediment
station m layer
Latitude | Longitude Cs-137| Sr-90 |Cs-137| Sr-90 | 0-2cm
1 29.09.2018 0-1 6806.027 | 3952.022 - 1 1 - - -
2 29.09.2018 0-1 6807.567 | 3946.358 1 1 1 - - -
3 29.09.2018 0-1 6805.787 | 3951.825 2 - - - - 2
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2.2  Metoasl cOopa mnpo0d H MOJEBOI
Mpo0ONMOATr0TOBKH

COop, 00paboTKa M aHAIM3 MaTEePHATIOB
OCYIIECTBIISIAChH OOLIENPUHATHIMU B
MEXIYHAPOAHOU [IPaKTUKE u
COOTBETCTBYIOIIIUM 00pa3oM OTKaIMOpOBaH-
HBIMH METOJIaMH, a TaK)X€ B COOTBETCTBHUU CO
CTaHJapTHBIMU TUIPOMETEOPOJIOTHYECKUMU
METOJJaMU WM HacTaBJICHHUSMH. Huke ommcaHbl
METOJUKHU TOATOTOBKH MPOO BOJIBI, BEPXHETO
ciosg (0-2 cM), KEpHOB JOHHOTO OCajgKka |
Makpodutos s onpenenenus 'Cs u *°Sr, a
Takxe orOopa BepxHero cios (0-2 cMm), KepHOB
JIOHHOTO OCaJika U MaKpo(HUTOB.

Memoouxa copbupoeanus *¥'Cs uz npo6
MOPCKOU 800bl ¢ NOMOWbBIO COPOEHma
«Angpesrcy.

Heoprannueckuii LEJUTIOJIO3HBIN
copoent "Audpex" (Poccuiickuii  maTeHT
2021009 or 15.10.93; AmepukaHCKHMI NaTEHT
5.407.889 ot 18.04.95) wumeer BBICOKYIO
CIIOCOOHOCTh K YAEPKAHHUIO HM30TOIOB IIE3HS
[7]. B pabote [8] cpaBHUBarOTCS pa3IUdYHBIC
COpOEHTHI, BKJIIOYast "Audex", ux
3(PEKTUBHOCTH B MPECHON U B MOPCKOM BOJIE.

Iloozomoska copboenma. Heobxomumoe
KOJIMYECTBO COpOEHTa, OTOOpaHHOE MEpHOMH
émkocthio 100 MII, mOMEIIAIOT B XMMHYCCKUM
CTakaH, 3amBaloT ropsiueit Bogoi (70-900°C) u
BbIJICP>KMBAIOT HE MeHee 30 MUHYT.

Xoo copouposanus. 120 n Bombl (Ho
KpaeB) momemart B 60uky (puc. 2.5). Bonnyro
CYCIIEH3HIO0 copbeHTa MEPEHOCT u3
XUMHYECKOTO  CTakaHa B  COPOIMOHHYIO
KOJIOHKY, (KOJOHKY 3amOJIHSIOT JO BBICOTHI
10-12 cM) u Ha BXOJ, OJIAI0T
OTOHUIBTPOBAHHYIO oT B3BECH npoOy
AHATM3UPYEMOW BOJBI, 00ecreunBasi CKOPOCTh
BOJIbI B KOJIOHKE He Oonee 80 cm/muu (600—700
wr/mMuH) [9].

[Tocne mnpomyckanus mTpoObI COPOCHT
BBITPY)KAIOT U3 KOJOHKH B TOJHITHUIICHOBBII
MakeT, MApKUPYIOT U HANpaBisiOT HAa ramma-
crieKTpoMeTpuueckuid aHanu3. OcTaTok MmpoObI
BBUINBAIOT.

Memoouxa ocasxcoenus *°Sr uz npo6
MOPCKOIU 8000l

Jlis ocakIieHUs SJEMEHTOB 2 TPYIIIbI
nepuoanyeckoit cucremsl .M. Menaeneesa u3
npo0d MOpPCKOW BOJBI MOXHO HCIOIb30BaTh
nacTuKoBbie 20 JIUTPOBBIE €MKOCTH: OOYKH,
BeApa, KaHucTpel. [lpm  MCHOIB30BaHUU

2.2 Methods of samples collection and field
sample preparation

Collection, processing and analysis of
materials were carried out standard in
international practice and appropriately
calibrated methods and also in accordance
with standard hydrometeorological methods
and manuals. Techniques of preparing water
samples are described below, top layer (0-2
cm), bottom sediment cores and macrophytes
for definition of ¥'Cs and %Sr and also
sampling of upper layer (0-2 cm), bottom
sediment cores and macrophytes.

Sorbing method of *’Cs from sea water
samples with the help of sorbent "Anfezh."

Inorganic cellulose sorbent "Anfezh"
(Russian Patent 2021009 dated 15.10.93;
American patent 5.407.889 dated 18.04.95)
has a high capacity to hold cesium isotopes
[7]. Various sorbents including "Anfezh" are
compared in the work [8], their effectiveness
in fresh and sea water.

Preparation of a sorbent. The necessary
quantity of a sorbent, selected with a
measured volume of 100 ml, is placed in a
chemical glass, filled in with hot water
(70-900 °C) and maintained not less than 30
minutes.

Sorbing course. 120 L of water (to the
edges) is placed in a barrel (Fig. 2.5). Water
suspension of a sorbent is transferred from a
beaker to a sorption column (the column is
filled up to the height of 10-12 cm) and on
input they give the sample of the analyzed
water filtered from a suspension providing
water speed in a column no more than 80
cm/min. (600—700 ml/min.) [9].

After passing the sample the sorbent is
unloaded from the column into a polyethylene
package, marked and sent for gamma
spectrometry analysis. The rest of the sample
is poured out.

Method of %°Sr sedimentation from sea
water samples

Plastic 20 litre containers: barrels,
buckets, canisters can be used for elements
sedimentation of group 2 of D.L
Mendeleyev’s periodic system from sea water
samples. Each sample is "planted" in a
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KaHHUCTP Kaxkgas mnpoba «BHICAKHUBACTCS» B
OTAEIBbHON KaHUCTPE.

. B mnmacTtukoByr0 eMKocTb HaiuTh 20
JUTPOB AHATU3UPYEMON MOPCKOM BOJIBI.

2. ABromaTnueckoi numnerkoi BHeCTH 10 M
(2 pa3a HaOpaTh) CTaHIAPTHOTO pacTBOpa
HOCHUTEJSl CTPOHIIMSA, TIIATENLHO IepeMeniaTh
CTEKJITHHOW MaJIOYKOM.

3. B pacTBOp mpoObI 100aBUTE 6M CONSHYIO
kucioty (50-100 mn) mo pH 3—4, tmarensHO
nepeMeniaTh.

4. 3arem mnpoOy BOIBI HEHUTPAIU3YIOT
pactBopom ammuaka (50-100 ma) no pH 7-8,
THIATENBbHO Tepememiats. pH mpoBepsioT npu
[IOMOIIU YHUBEPCAIBHOU MHJIUKaTOPHOU
Oymaru.

5. Ilocne 3TOrO B €MKOCTH C BOJOM IIPU
nepeMeruBaHu  100aBisAoT ropsuuit 20%
pactBop NapCOgz, pacTBOp MyTHEET, BBINAaCT
XJIOIbeBUHBIN ocanok. s ¢opmupoBanus
OocaJKka pacTBOpP BBIAEPKUBAIOT 2  CYTOK,
HAJO0CAJ0YHAsl  JKUJIKOCTh  JIOJDKHA  OBITh
MPO3pavyHOM. Kuakyro 4acTh poObI
JNEKaHTUPYIOT HE 3aJieBasi 0CaZoK, KOTOPBIA B
JabHENIIEM TPAaHCTIOPTUPYIOT B JIaOOPaTOPHIO.

Ilpuecomosnenue copsuezo 20%
pacmsopa NaCO:s.

B xumnueckuii crakad ooremom 1,2-1,5
autpa BebimaTth 160 r NapCOs, momuts 640 mi
TUCTHIUTMPOBAHHOM  BOJXBI, TIepeMernarb |
HarpeTb MpH TNEepeMEeNIMBaHUM JO IOJHOTO
pacTBOpEHUSI.

Memoouxa ombopa npob eepxueeo (0-2
CM) C10sL OOHHO20 0CAOKA

Jnsa B3datus npod JOHHOrO oOcajka
UCIIONIL30BAJICSl  YTSDKEJICHHBIA JTHOUEPIIaTelh
BaH Buna ¢ miomasio 3axsara 0.1 m2. TTocie
U3BIICUCHHSI JHOYEpIATeNsl C TPYHTOM Ha
nanxy0y, uepe3 OKOUIKM B IUIACTUKOBYIO
€MKOCTh OTOMpaJCsi BEpPXHHUH CIIOM JOHHOTO
ocaaka 0-2 cM TommmHOM (puc. 2.5).
[IpomapkupoBaHHass €MKOCTb C  JIOHHBIM
OCaJKOM  OTHpaBisjach Ha XpaHEHHE B
MOpPO3WJIBHYIO KaMmepy s JIOCTaBKA B
1ab0opaToOpHIO.

[Ipo6s! TpyHTa Ha nuTopanu ryd Caiiga u
'pemuxa  ObUIM  B3STHI  NOpU  OTJIIMBE
HETOCPEACTBEHHO ¢ OOHaKEHHON MOBEPXHOCTH
ocaJka WJIA C TIOMOIIbIO  IOYBEHHOTO
npobooTOOpHHKA  MpH  OOMIMH  TpyOOro
KaMEHHOT0 Marepuaia B ocaake (puc. 2.9 u
2.10).

separate canister when using canisters.

1. Pour 20 litres of analyzed seawater into the
plastic container.

2. Add 10 ml (gather 2 times) of standard
strontium carrier solution with automatic
pipette, mix thoroughly with glass rod.

3. Add 6M hydrochloric acid (50-100 ml) to
pH 3—4 to sample’s solution, mix carefully.

4. Then water sample is neutralized with
ammonia solution (50-100 ml) to pH 7-8, mix
carefully. The pH is checked with a universal
indicator paper.

5. After that a hot 20% Na>COs solution is
added to the water container with stirring, the
solution grows turbid, flocculent precipitate is
dropped out. The solution is held for 2 days to
form the deposit, the supernatant liquid must
be clear. Sample’s liquid part is decanted
without touching deposit which is further
transported to laboratory.

Preparation of hot 20% NaCO3 solution.

Pour 160 g of Na;COs into a beaker of
1,2-1,5 liters, add 640 ml of distilled water,
stir and heat with stirring until complete
dissolution.

Sampling technique of upper (0-2 cm)
layer of bottom deposit

Weighted Van Veen Grab Sampler with a
capture area of 0.1 m? was used to sample the
bottom deposit. The top layer of bottom
deposit of 0-2 cm thick was taken through the
windows into the plastic container after
extraction of the Grab Sampler with soil onto
the deck (Fig. 2.5). The marked tank with
bottom deposit was sent for storage to the
freezer for delivery to the laboratory.

Soil samples on the littoral of Saida and
Gremikha Bays were taken when casting
directly from the exposed surface of the
deposit or using a soil sampler at abundance
of rough stone material in the deposit
(Figures. 2.9 u 2.10).
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Puc. 2.10. OTt60p mpo6 MOBEPXHOCTHOTO CIIOS

JOHHOT'O OCaJiIKa Ha JIUTOPAJIN /

Fig. 2.10. Surface layer sampling of the bottom

deposit on the littoral

Memoouxa ombopa kepno8 00HHO20
ocaoka.

Jis  or6opa W XpaHEHHS KEpPHOB
JOHHOTO  Ocajgka  ObUTM  TIOATOTOBJICHBI
IUIACTUKOBBIE ~ TPYOKH  C  BHYTPEHHHM
nuamerpom 10 cm. KepH Beipesaiics u3 o0béMa
IpyHTa, B3ATOTO JHOYEpIaTesieM BaH BuHa.
J11s1 3TOTO TUTACTHKOBAst TPyOKa BCTABIISIIACH B

okomko naHouepmatens (puc. 2.5). Ilon
HIDKHUM oTBepcTUEM  TpYyOKM  TIpYyHT
(¢ukcupoBaics  IUIACTMKOBOM  3aCJIOHKOM.

[Tocne wm3BnedeHUs: TPyOKH W3 JHOYEPIATEIIS
€€ OTBEpPCTHUS C JBYX CTOPOH YNaKOBBLIBAJIKCH
donerori  (puc. 2.11). Janee TpyOka
3arevyarbiBagach B MOJIUATUIICH u
OTIIPABIISUIACH HA XPAaHEHHE B MOPO3HIBHYIO
KaMepy JUIsl JOCTaBKHU B JIAOOPATOPHIO.

Selection method of bottom deposit cores.

Plastic tubes with an internal diameter of
10 cm were prepared for selection and storage
of bottom deposit cores. Core was cut from a
soil volume taken by Van Veen Grab Sampler.
For this purpose, the plastic tube was inserted
into the Grab Sampler’s window (Fig. 2.5).
The soil was fixed by a plastic shutter under
the lower opening of the tube. After the tube
extraction from the Grab Sampler its openings
were packed by foil with both sides
(Fig. 2.11). Then the tube was sealed into
polyethylene and sent for storage to the freezer
for delivery to the laboratory.

T

=

Puc. 2.11. TlnacTuKOBbi Hp0600T6(;i)HHK u BBIPE3aHHBIN KePH JOHHOTO OcajKa /
Fig. 2.11. Plastic sampler and cut core of bottom deposit
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Memoouka coopa maxpoghumos

Ot0Oop BomoOpoCiHEel Ha JUTOPATH U
BEpPXHEH CyOJIUTOpaIu B MEPUOJ MAJIOH BOJBI
npou3BOAWICS  BpyuHyoo  (puc.  2.12).
CoOpannbie MakpopuUTHl OBLIM yMaKOBaHBI U
OTIIPAaBJICHBl Ha XpaHEHHWE B MOPO3HIBHYIO
KaMepy JUIsl  JajbHeilliero aHaiu3a B
naboparopuu.

Method of macrophytes collecting

The selection of algae on the littoral and
upper sublittoral during the low water period
was carried out manually (Fig. 2.12). The
collected macrophytes were packaged and sent
for storage in the freezer for further analysis in
the laboratory.

Puc. 2.12. Ot60p ipo6 Bogopociei-
MaKpo(pUTOB Ha JTUTOPAIH /

Fig. 2.12. Algae-macrophytes sampling
on littoral

CBonHas uH(pOpMaIHsI O TPOBEICHUH JTA0OPATOPHOTO aHAIM3a COOPAHHBIX TTPOO
npejcraBinena B Tadin. 2.4 / Summary information of carried out laboratory analysis of collected

samples is given in Table 2.4
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Tabmnuma 2.4

Criucok mpo0, ananu3upyembix B nadoparopusix MMBU u Xumnueckoro dakynsrera MI'Y
Tun npo6s1 | JIabopaTopus Crannms, Ne KonnuecTBo npod Ompenensiembie
napaMeTpbl
HUC «/lanbuue -IIOBEPXHOCTHBII
1699,9,1,9,44,19, 10, -IIPUIOHHBINA CIIOU
Bona MMBH | 18,19,20,21,22,23,24,25 Bﬂm _9 1Cs, Sr
ry6a Caiina -Surface water - 2
I'pemuxa -Surface water - 2
Kosonku 187Cs, 134Cs, 192Eu, *°Co,
TOHHOTO MMBU 1,2,3,5,9,11,22 49 28) 22Tp:
ocajka Jla6opatopus 137Cs, 2?Ra, 219Pb, S,
l\fl)l“yp 2,3,7,11 ciou ocajka - 28 23| 238py 299240p, 210p,
HUC «JlanpHue
3eneHIb»:
1,2,3,5,6,7,8,9,11,13, 137~ 13 152e. 60
MMEH 14,15, 16,18,19, 21 Cs'zsths'miu' Co,
JloHHbIE 20,21,22,23,24,25 ' m
OTJIOKEHUS ry6a Caiina 2
(0-2 cm) I'pemuxa 2
HUC «JlanpHue
JlaGopartopus 3eneHIb»: 90Q, 238 | 238D, 239240
MTY 1,5,9,14,15,16,18,19, 18 S, 72U, P
20,21,22,23,24, 25
HUC «JlanpHue
3eJIeHIbIY; 1387Cs, 905y, 134Cs, 152Eu,
buora MMBH1 ry6a Caiiga 10 80Co, #*Am, 2%2Th
I'pemuxa
Bcero: 157
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Table 2.4

Samples list analyzed in MMBI laboratories and Chemical Faculty
of the Moscow State University (MSU)

Sample Laboratory Station, Ne Number of Determined
type samples parameters
RV «Dalnie Zelentsy»: | -water surface
1,2,3,5,7,9,11,15, 16, layer -18
18,19,20,21,22,23,24,25 | - water benthonic
Water MMBI _ layer -9 3Cs, %0sr
Saida Bay
Gremikha -Surface water - 2
-Surface water - 2
137 134 152 60
Bottom MMBI 1,23,59,11,22 49 Cs, 23888'232TE#' Co,
zimigt S Laboratory 23711 sediment’s 187Cs, 226Raq, 219Ph, 05,
MSU 19y [y Iayers _ 28 238U, ZSSPU, 239'240PU, 210Pb
RV «Dalnie Zelentsy»:
1,2,3,5,6,7,8,9,11,13,
14,15, 16,18,19
1 ’ ’ ' ’ 21 137CS, 134CS, 152EU, GOCO,
Bottomm MMBI 20,21,22,23,24,25 zTh A
deposits Saida Bay
(0-2 cm) Gremikha g
RV «Dalnie Zelentsy»:
"aﬁz;abory 1,5,9,14,15,16,18,19, 18 905y, 238, 238pyy, 239240py,
20,21,22,23,24, 25
RV «Dalnie Zelentsy»; 131G, 05y 134Cs. 1926
Biota MMBI Saida Bay 10 80Co, 2IAM, Z2Th
Gremikha
In total: 157

2.3.  Metoabl 1a00PATOPHOI0 aHAJIM3A
npod u n3mMepeHui

Jlns aHanmm3a 0OBEMHOM aKTHBHOCTH
137Cs B mpo6ax BOJBI MPOBEIEHO COPOIIMOHHOE
KOHIEHTPUPOBAHUE  I1€3Us U3  AJIUKBOTHI
o0BeMOM 100 §n Ha  MLEJUIFOJIO3HO-
HEOpraHuueckoM copoente « Adex»[9].

JIOHHBIE OCaJAKM Ha JIMTOPAJIBHOU
OTMEIH oTOMpanu c MTOMOIIIBIO
METAIITTIECKOTO u MJIACTUKOBOTO
noyBooTOOpHUKOB (@ =10 cM) BO BpeMms
oTiIMBa. B OTKpPBITBIX paillOHaX MOps OCaIKH
oTOupanu aHOuepmnarteneM BaH-Buna. KepHbl
JIOHHOT'O ocazika AauHou 12—14 cM BeIpe3anuch
TJIACTUKOBBIM poOOOTOOPHUKOM u3
[EHTPATbHOW YaCTH MOIHITOrO Ha OOPT CyaHA
obOpasma. B manmpHeiimeM KepHBI ocajaka ObLTH
pa3pe3aHbl Ha CJIOM TOJIMIMHOW 1 cM unm 2 cM.
[TpoOsl ocaznka MpoCyUIeHBI MPHU TEMIIEpaType
105°C n mpocesiHbl Yyepe3 reoJoru4eckoe CUTO.

O6pa3sib BOJIOPOCIICH-MaKpO(PHUTOB
cemeiictBa ¢ykycoB (Fucaceae) coOpansl Ha

2.3. Laboratory analysis methods of
samples and measurements

Sorption concoction of cesium was
carried out from aliquot with volume of 100 L
on cellulose-inorganic sorbent "Anfezh™ for
analysis of volume activity of 3’Cs in water
samples [9].

Bottom sediments were collected on the
littoral shallow using metal and plastic soil
samplers (@ = 10 cm) during casting. Deposits
were taken in sea open areas by Van Veen
Grab Sampler. Bottom deposit cores of 12—-14
cm long were cut out by the plastic sampler
from the central part of the sample lifted
aboard vessel. Further the deposit cores were
cut into layers of 1 ¢cm or 2 cm thickness.
Deposit samples are dried at 105°C
temperature and sieved through a geological
sieve.

Algae-macrophytes samples of fucuses
family (Fucaceae) were collected on the
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oOcwixaromeit  vactu  surtopanu.  [IpoOsl,
BBICYIICHHBIE Tpu Temmeparype 105°C, Oputm
HU3MCJIBUCHBI B MCJIBHUIC W PpaCTCPThLL B
bapdopoBoii CTymnKe 10 OAHOPOAHONW MACCHI.
Pamuonornyeckuit ananm3 copOeHTa
«AHbex», HOHHBIX OTIOXKCHUH, MOPCKOMN
6I/IOTBI BBITIOJTHEH B AHAJIUTNYCCKUX
nabopatopusix MMBU u MI'Y um. M.B.
JlomoHocoBa. B xome coBMmecTHOH paboTHI

MpoBeIcHA WHTEPKaTUOpaIHs METOIOB
U3MEpPEHHUS, MOKa3aBIas xopoliee
COTJIACOBAHHUE PE3YJIHTATOB.

13 KOMILIEKca TEXHOT'CHHBIX

PaIMOHYKIIHIOB B TPOOaX BOJIBI OIPEICIISUTH
comepxanue paauonsororno ~'Cs u *Sr. B
BOJOPOCIAX W B CTBOPKaX MOJUTIOCKOB
aHamu3upoBany cojepxkanue “'Cs, ¥4Cs, %Sy,
2By, 22lAm, %9Co, 239240py, B nmommbIX
ocagkax  JOMOJIHUTEIHGHO  aHATM3HPOBAH
akTHBHOCTH 2-°Pb u 238U,

W3MepeHust aKTUBHOCTH Y-H3JTy4afOIInX
uykmagos  “'Cs, ¥Cs, %Eu, ®Co =m
€CTECTBEHHBIX pamHOHYKIHaoB 2Th u 2°Ph
BBITTOJTHEHBI Ha  Y-CIIEKTPOMETPUUECKOU
ycranoBke (“Canberra”, CIIIA) ¢ merekTropom
U3 YHCTOrO TepMaHus, CIEKTPOMETpe Y-, U
PEHTTE€HOBCKOTO W3ITYyYEHUS b13237
(“Canberra”, CIIA) [10]. J[as anamu3a
CIIEKTPOB MCITOIb30BaHO 6a30BO€E TIPOrPAMMHOE
obecnieuenne Genie-2000 (puc. 2.13).

drying part of the littoral. Samples, dried up at
the temperature of 105°C, were ground in a
mill and pounded in a porcelain mortar to
homogeneous mass.

Radiological analysis of "Anfezh"
sorbent, bottom sediments, marine biota is
performed in analytical laboratories of MMBI
and Moscow State University named after
M.V.  Lomonosov. Intercalibration  of
measurement methods was carried out in the
course of joint work showing good results
coordination.

Radioisotopes content of 3’Cs and °Sr
was determined from the complex of
technogenic radionuclides in water samples.
Content *'Cs, 134Cs, %S, 152Eu, 22Am, ®°Co,
239240py was analyzed in seaweeds and in
mollusks shutters. The activity of ?°Pb and
238y was analyzed in addition in the bottom
deposits.

Activity measurements of y-emitting
nuclides 3Cs, 13Cs, 12Eu, ®°Co and natural
radionuclides #*?Th and 2°Pb are performed
on vy-spectrometer installation ("Canberra”,
USA) with a detector from pure germanium,
spectrometer y- and x-ray radiation b13237
(“Canberra”, USA) [10]. Basic Genie-2000
software is used for spectrum analysis (Fig.
2.13).

a

Puc. 2.13. 'aMmMa-cieKTpOMETpUUYECKUH (2) U PEHTTCHOCTIEKTPOMETPUIECKHIA (0) KOMITICKCHI
¢upmbl Canberra (a). ['amma-ciekTp oOpasia JOHHOTO ocazaka (B) /
Fig. 2.13. Gamma spectrometry (a) and roentgen-spectrometry (6) equipment by Canberra (a).
Gamma spectrum of bottom sediment sample (8)
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Anamm3  akTuBHOCTH °Sr  BBINONHEH
PaAMOXMMHYECKUM METOJIOM C OKOHYaHHEM Ha
CUMHTWUTSIMUOHHOM ycTtaHoBKe «LS  6500»
Becmann. Y ienbHy0 akTHBHOCTE °Sr B mpoGe
OTIpeIeIsITN MOCPEACTBOM U3MEPEHUS
AKTHBHOCTH M30TOIA Dy, Tst
PaZIMOXHMMHYECKOTO BBIICHEHHS °°ST MpOOBI
TPyHTa U OMOTHI OOyTrJHMBaizach B MyQenbHOI
neun npu temneparype 700°C. AKTHUBHOCTBH
msotomop 28U 2TAm,  238py  239.240p,
ompezeneHa Ha a-crnekrpomerpe Model 7401
Canberra (CILIA) mocne paguoXUMHUECKOU
noAroToBKH npo0 (puc. 2.14).

The analysis of %0Sr
performed by radiochemical method with
termination at scintillation installation "LS
6500" Becmann. The specific activity of %Sr
in the sample was determined by means of
measuring of Y isotope activity. Soil and
biota samples were charred in a muffle
furnace at the temperature of 700°C for
radiochemical allocation of °°Sr. Isotopes
activity of 28U, 22Am, 238py, 239240py was
determined on a-spectrometer Model 7401
Canberra (USA) after radiochemical samples
preparation (Fig. 2.14).

activity was

a

0

Puc. 2.14. CTHHIMIIAIIMOHHBIN U3MepUTEIbHBIN KoMIUTeKe «LS-6500» (a) u anbda-crnekrpomMeTp
Model 7401 ¢pupmer Canberra (6) /
Fig. 2.14. Stincylation measuring complex «L.S-6500» (a) and alpha spectrometer
Model 7401 by Canberra (6)

KonuenTpauus  pagvoHYKIHIOB B
JIOHHOM OCaJIK€ BBIpa)KEHA HA €AMHHUILY CYXOW
Macchl OCaJIKa.

KoHnenTpanus  paivoHYKIUIOB B
BOJIOpOCISIX-MakpouTax  BBIpaXEHa  Ha
€MHUITY CYXOU MacChl BOJOPOCIICH.

PesynbpTarel n1abopaTopHOro aHanmsa

npo®  mpencTaBieHbl B TabuuIax B
npuioxkenusx Ne  Al1-A5; B1-B5; C1-C7
«Pe3ybTarsl XHUMHUKO-JTA00PaTOPHOTO
aHaIu3ay.

Radionuclides concentration in the bottom
deposit is expressed on unit of dry weight of
deposit.

The concentration of radionuclides in algae-
macrophytes is expressed on unit of dry weight
of algae.

Laboratory analysis results of samples are
presented in tables in annexes Al1-A5; B1-B5;
C1-C7 "Chemical Laboratory Analysis
Results."”
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3. PagnoskoJiorn4eckoe cOCTOSIHuEe MOPCKOMH
cpenbl M 0MOTHI B paiioHe 3Bakyanuu OAT B
MypMmaHckom npudpexne

3.1. Paamoskoyioruvyeckoe cOCTOSTHHE
Mopckoii cpeabl B MoToBckom U Kosbckom
3aJmMBax

3arpsi3HeHUe Bbapennera Mopst
Olpenesercs, TJIaBHBIM obpa3zom,
TPAHCOKEAHUYECKUM MEPEHOCOM
PAAOAaKTUBHBIX BCIIICCTB. OI[HaKO B

npuOpexxkHoit 3oHe Kombckoro monyoctposa
JOTIOTHUTEIIFHOE 3arpsi3HSIONIEE BO3/ICHCTBUE
OKa3bIBACT AMUCCHS PaIMOHYKIIHIOB
0o0BbeKTaMU MH(PACTPYKTypbl aTOMHOTO (IIoTa
B mpomecce obpamenus ¢ PAO u OST.
Haubonee 3Ha4MMBIM C TOYKH  3pEHUS
PAAMOIKOJIOTHUECKOTO PHCKA TPEICTABISIECTCS
XpaHWIHIIE PaJHMOaKTHBHBIX OTXOJOB B ry0e
AnnpeeBa u omnepauuu sBakyanuu OSAT B
Mypwmanck [1].

HccnenoBanusiMu 2013-2014 IT.
MOKA3aHOo, YTO ¥ B HACTOSIIEE BPeMs B BOIAHOMN
cpene ryobl AHIIpeeBa O00ObEMHAass aKTUBHOCTH
137Cs n ®Sr 3HauNTENHHO BHINIE PETHOHATHFHOTO
dona. Cpenuss o0beMHas akTUBHOCTH 3'Cs u
0Sr  cocrasuster 3 Bx/M® w26 Br/MS,
coOTBeTCTBEeHHO. OTCIOIa TTOTOK OMPECHEHHOU
OTHOCHUTEIIBHO 3arpsI3HCHHOW BOJIBI Yepe3 YCThe
ryos! 3anannas Jluma nocrynaer B MOTOBCKHIA
3aJIUB, B BEPXHEM CJIO€ BOJI KOTOPOTO CPEIHSS
00beMHas aKTHBHOCTh ~'Cs cocraBiuser 1.6
B/, a %°Sr — 3.9 Bx/M°. anee B MoTOBCKOM
3a]lMBe OJTOT TMOTOK pa3MbIBaeTcs, a WX
KOHIICHTPAIUs OT YCThsl TYOBI K BBIXOJY B
OTKpBITOE MOpe cHmkaercs. Ha oOmem ¢one
pasIuIHs 00BEeMHOM AKTUBHOCTH
paanMoHyKIHI0B, ocobenHo 3'Cs, meBenuku u
3aBUCAT OT CTOKAa W3 ryObl 3amamnas Jluma.
Paznmuuus  koHUeHTparun 0gr BBIPAXKEHBI
oryeTinBo. KpoMe 93TOro, Ha HUCTOYHHK
PAAMOHYKIHIOB  YKa3blBaeT M3MEHYHBOCTH
COOTHOIICHHS yAEIbHOH akTMBHOCTH °'Cs u
%0Sr, BenMYMHA KOTOPOTO MPU CMEMIEHHH BOJ
YBEJIIMYUBACTCS B HANPABICHHH OT YCThS T'YOBI
K BbIxoay B Mope ot 0,25 o 0,75.

Hns JTOHHBIX OTJIOKECHUH ryObI
AHJpeeBa XapaKTEpHO BBICOKOE COJIepIKaHUE
187Cs,  9Osr ¥ WM30TONOB  IUTyTOHHS.
Konuentparus *Pu cocrapnser 2.5-15 Br/kr,
239,240 _ 25 BK/KkT cyxoro ocanka. B moHHBIX
0CaJKax MOPCKOTO MpUOpPEkKbs  yAelbHas

3. Radioecological state of marine
environment and biota in SNF evacuation
area in Murmansk foreshore

3.1. Radioecological state of the marine
environment in Motovsky and Kola Bays

Barents Sea pollution is mainly determined
by transoceanic transfer of radioactive
substances. However in the coastal zone of the
Kola Peninsula radionuclides emission has an
additional polluting influence by nuclear fleet
infrastructure facilities during the handling of
RW and SNF. The most significant from the
point of view of radioecological risk is the
storage of radioactive waste in Andreeva Bay
and evacuation operations of SNF to
Murmansk [1].

It is shown by 2013-2014 research that even
now the volume activity of **'Cs and Sr is
much higher than regional background in
Andreeva Bay water environment. Average
volume activity of $3’Cs and %Sr is 3 Bg/m3
and 26 Bg/m® respectively. From here the
stream of desalinated relatively polluted water
through the estuary of Zapadnaya Litsa Bay
arrives to Motovsky Bay in top waters layer of
which the average volume activity of **'Cs is
1,6 Bg/m? and %°Sr is 3,9 Bg/m3. Further this
flow is washed away in Motovsky Bay and
their concentration is reduced from bay
estuary to the exit of the high sea. Distinctions
of radionuclides volume activity, especially
137Cs, are small on the general background
and depend on a drain from Zapadnaya Litsa
Bay. Differences of °°Sr concentrations are
clearly expressed. Besides variability of a
ratio of 3’Cs and °°Sr specific activity points
on a source of radionuclides which size
increases at mixture of waters in the direction
from the bay estuary to exit in the sea from
0,25 to 0,75.

High content of *'Cs, %Sr and plutonium
isotopes is characteristic for bottom sediments
of Andreeva Bay. 2®Pu concentration is 2,5-15
Ba/kg, #%2%Pu is 2-5 Bg/kg of dry deposit.
The specific activity of *3’Cs and *°Sr is much
lower in the bottom deposits of the sea

35




aktuBHOCTh 3'Cs u Sr s3maumrenbno HmKe.
Nx pacnpeneneHne HE HMMEET YCTOWYMBBIX
MPOCTPAHCTBEHHBIX TEHACHIUNA W  OOJjbIIe
3aBUCUT OT penbeda naHa. [lo mapmpyty
€CTECTBEHHOTO TpaH3WTa 3arps3HEHUN  OT
HCTOYHHKA B TyOe AH/IpeeBa, 00HAPYKUBAIOTCS
JUIIb CTIIAXKCHHBIE CIIEJbI YMUCCHH HU30TOIOB,
MPOSIBIISIOLIUECS KakK ¢dbparmeHTHBIE
nosbIeHns koHnentpamun ='Cs, 2Sr, 28py u
239.240py, B Bode W JMOHHBIX OTIOXKEHHAX HAl
cpenauM  ypoBHeM. CyMMapHas aKTHBHOCTh
M30TONOB HH3Kas, HIKE HOPM CaHUTapHOMN
panuanoHHON 6€30IacHOCTH.

Takum 00pazom, OBLIIO TOATBEPIKICHO
BIUSHUE CTOKOB TyObl AHIpeeBa U CTOK U3
ryobr  3amagHas Jluma Ha  KOHIEHTpPAITUIO
PAAMOHYKIHIOB B MpUOpexbe MOTOBCKOTO
3aInBa.

Uccnenosanus, nposeaenusie B 2017 r.,
pi W) 03 BO3MO>XHOCTh paciupuTh u
JeTaM3UpOBaTh MPEACTABICHUS O CTENEHU
BIUSHUS Ha MOpPCKOE TPUOpEk be CTOKA
TEXHOTEHHBIX  PAaJUOM30TONOB U3  TyOBbI
AHpapeeBa. BbuUIO M3y4eHO pacmpoCTpaHEHUE
137Cs, %0Sr He TONMBKO B BEPXHEM CIIOE BOJI, HO
U B rayOuHHBIX cnosix. OIHOBpeMEHHOE
U3y4YeHHE THIPOJOTUYECKOW CHUTyalluh B
MOTOBCKOM 3alliBe TMO3BOJHIO O00OCHOBAThH
TJIaBHBIE 3aKOHOMEPHOCTU TepepacnpeiesieHus
pPaAMOHYKJIMIOB HAa AaKBaToOpuu 3anmBa. B
YaCTHOCTH, PacIpe/ieJIeHUE COJIEHOCTU BOJIbI B
MOBEPXHOCTH W Ha TIyOMHHOM mpoduie
yKa3bIBaeT Ha TO, YTO OCHOBHOI MOTOK BOJBI U3
ryosl 3amagHas Jluna moctymaer B BEpXHHMA
CJIOM BOOHOM Macchl MOTOBCKOIO 3ajiiBa 0
40-50 M m cMemiaercss Ha CEBEPO-BOCTOK K
BBIXOTy U3 3ajimBa (puc. 3.1).

foreshore. Their distribution has no steady
spatial trends and depends more on the bottom
relief. Only smoothed traces of isotopes
emission are found on the route of pollutions
natural transit from a source in Andreeva Bay
which are shown as fragmentary increases of
concentration of $3’Cs, %Sr, 23py and 2°240py
in water and bottom sediments over the
average level. The total activity of isotopes is
low, below the norms of sanitary radiation
safety.

Thus the influence of Andreeva Bay drains
and Zapadnaya Litsa Bay drain was confirmed

on radionuclides concentration in the
Motovsky Bay coastal area.
Research works conducted in 2017

provided an opportunity to expand and detail
representations about the degree of influence
on the sea foreshore of the technogenic
radioisotopes drain from Andreeva Bay.
Distribution of ¥’Cs, %Sr was studied not
only in top layers of waters but also in deep
layers. Simultaneous study of the hydrological
situation in Motovsky Bay allowed to prove
the main regularities of radionuclides
redistribution on the bay water area. In
particular the salinity distribution of water in
the surface and on the deep profile indicates
that the main water flow from Zapadnaya
Litsa Bay arrives in the upper layer of
Motovsky Bay water mass up to 40-50 m and
displaces to the north-east to the exit from the
bay (Fig. 3.1).
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Pacnpoctpanenue
OTPAaHMYUBAIOT  BOJbI, [OCTyHAIOIIUE U3
bapeHneBa MoOpss C HMHBIMH COJIEHOCTBIO,
TEMIEPATypOr, TEOXUMHUUYECKUMHU CBOMCTBAMH,
W paJdalMOHHBIMU XapakTtepuctukamu. Ha
KapTe pachpejencHus °'Cs XOpOIIO BHJIEH
MOTOK PaJMOHYKJIMIOB, BBIXOJSAIIUN U3 YCThs
3anaaHoi JIuiel ¥ HaNpaBIECHHBIN B OTKPHITOE
mope (puc. 3.2).

MakcumanbHasi KOHLIEHTpAlus 3TOro
M30TOMa OTMEYEHa B CTPYAX cJIabocon€HOit
BOJIBI, TIOCTYyMAamIIed W3 ryObl Kak CTOKOBOE
TeueHne B BepxHeM 40-meTpoBOM  cIlO€.
[ToaTBepxxnenrem ATOMY CITYKUT
koaurmeHt KOPPEISLUH MEXTY
COJICHOCTHIO BOJBI U OOBEMHONM aKTHBHOCTBHIO
paguounsoronoB. CojleHOCTh  NIpHUHATA B
KAauecTBE TIJIAaBHOTO MapKepa IOTOKa BOJ U3

9TOr'o IIOTOKa

ryosl  3amamnas Jluma, B KOTOpOM OHa
MOHWKEHA. OGHapyxeHa oOpaTHas
KOppeJSIIMOHHAs ~ CBSI3b  COJIEHOCTH  C

koHueHTparmeii 3’Cs B BepxHeM cioe BOIBI
(r=-0,58 mpu P1=0,95, n=12). JloctoBepHOCTH
BBIYHMCIICHHOTO KOX((PHIIMEeHTa KOPPEISIII
MOATBEPXKIEHA C  TIOMOIIBIO  KPUTEPHS
Crprogmenta. Takum 00pa3om, pojb TyObl Kak
UCTOYHUKA PAIUOHYKIUIOB B MPHOPEXKHE
MOJTBEPKIACTCS CTATHCTUYECKUM PAaCUETOM.
PazbaBrneHue KOHIIGHTpAlMK PaJAUOHYKIHA
NPOMCXOMUT 10 Mepe CMENICHUs MOTOKa
MaJIOCOJICHBIX BOJ C MOPCKOH BOAOWH U3
bapennesa mops.

['myOuHHBIE ¥ TPHUIOHHBIE TOPU3OHTHI
3al0JIHEHBI BOJHOM Macco, MOCTYNHUBUIEH W3
OoTKpeITOro Mops (puc. 3.3). B sTux cnosix
KOHIICHTPAIUS 11e3Us CYIIECTBEHHO CHIDKEHA U
COOTBETCTBYET ()OHOBOH JUIsl BOJA MPUOPEKHOM
30HBI OTKPBITOr0 Mopst [12].

The spread of this flow is restricted by
waters arriving from the Barents Sea with
different salinity, temperature and
geochemical  properties and  radiation
characteristics. On the allocation map of *'Cs
the stream of radionuclides leaving Zapadnaya
Litsa estuary and directed to the open sea (Fig.
3.2) is well visible.

The maximum concentration of this isotope
is noted in light-salted water streams arriving
from the bay as a current drain in the upper
40-meter layer. This is confirmed by the
correlation coefficient between the salinity of
water and the volumetric activity of
radioisotopes. Salinity is accepted as the main
marker of waters flow from Zapadnaya Litsa
Bay in which it is lowered. It is detected the
return correlation communication of salinity
with concentration of **’Cs in the top layer of
water (r=-0.58 at P1=0.95, n=12). The
reliability of the calculated correlation
coefficient is confirmed by the Student’s
criterion. Thus the bay role as a source of
radionuclides in the foreshore is confirmed by
statistical calculation. Dilution of radionuclide
concentration occurs as light-salted waters
flow mixes with seawater from the Barents
Sea.

Deep and benthonic horizons are filled with
water mass arriving from the high sea (Fig.
3.3). In these layers the concentration of
cesium is significantly reduced and
corresponds to the background for the waters
of the coastal area of the high sea [12].
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a
Puc. 3.2. O6wemuas aktuBHOCTH *'Cs (a) u *Sr (6) B moBepxHOCTHOM croe Boasl, Bx/m3, 2017r./
Fig. 3.2. Volume activity of *¥'Cs (a) and °°Sr (b) in a surface layer of water, Bg/m?, 2017
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One more source of radionuclides in the

Eme OJTHUM HCTOYHHUKOM
PAAMOHYKJIHIOB B MOPCKOM TIPUOPEKbE MOXKET
ObiTb cTok  Kojbckoro — 3ammBa, — 4ToO
00yCJIOBJICHO  BJIMSIHUEM  HHQPACTPYKTYpPHI

ITana,

BOEHHOTO aToMHOro ¢mora (TyOsl
Onenbst). B paiioHe pasrpy3ku CTOKa M3 3THX
ry0 B yCThe 3aIMBa UX COJEPKAHUE MOBBIILIEHO
B BepxueM (2'Cs — 3.8 Br/m, *Sr — 8.7 Br/m3)

foreshore sea may be Kola Bay drain what is
caused by the influence of military nuclear
fleet infrastructures (Pala, Olenya Bays). Their
contents are increased in top (**Cs - 3.8
Bg/m3, *Sr — 8.7 Bg/m®) and in benthonic
(*¥’Cs - 2.8 Bg/m?, *Sr — 9.8 Bg/m®) water
layers in the area of drain unloading from

these bays in the bay estuary (Fig. 3.4).

u B npuponHoM (Y'Cs — 2.8 Br/m®, %Sr — 9.8

Bx/m®) crosix Bozs! (puc. 3.4).
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Takum oOpazom, B yctbe Kombckoro
3aMBa WX KOHIIGHTpAIUsi OcCTaeTcst Oolee
BBICOKOH, 4eM B MoToBckoMm 3anuBe. CpemHsst
KoHIeHTpaus °'Cs cocrasuna 2,5 Bx/m®. B
MOTOBCKOM 3aiMBe IO IaHHBIM HAOIIOIEHUI
2014 n 2017 rr. cpeaHsst KOHLIEHTpALMsI 3TOTo
W30TOIa TOYTH HE U3MEHSJIAch U cocTtaBuia 1,6
Bx/mM®. Tlpu BeTpax BOCTOYHEIX pPyMGOB
CYLIECTBYET BEPOSTHOCTh  3MU30UYECKOrO
3aHoca 0oJjiee 3arps3HEHHBIX CTOKOBBIX BOJ U3
Komnbckoro 3anuBa B MOTOBCKHIA.

['eoXuMHYecKas TOIBHKHOCTE °Sr B
MOPCKOM cpejie Majo CBsi3aHa ¢ MUHEPAIbHOU
U OpraHuyeckor B3Becblo. Ero pacrnpenenenue
B MOTOBCKOM 3anuBe B OOJbIIEH CTEICHH
00YCJIOBJICHO CMEIIEHUEM BOJ B MPUOPEKHOU
some. Crok Sr wu3 ryosl 3amamnas Jluma
pacnpocTpaHseTcss B BOCTOUHOM HallpaBJICHUU,
YTO TIPU CMEIIMBAHHA C MOPCKOW BOJOM

Thus their concentration remains higher at
Kola Bay estuary than in Motovsky Bay.
Average concentration of *’Cs made 2,5
Bg/m®. The average concentration of this
isotope almost did not change in Motovsky
Bay according to observations in 2014 and
2017 and amounted to 1,6 Bg/m®. There is a
possibility of incidental drift of more
contaminated stock waters from Kola Bay to
Motovsky at eastern points winds.

The geochemical mobility of ®Sr in marine
environment has little to do with mineral and
organic suspensions. Its distribution in
Motovsky Bay is more due to the mixing of
waters in the coastal area. The °Sr drain from
Zapadnaya Litsa Bay spreads eastward that
when mixing with seawater results to uneven
of its distribution on the water area (Fig. 3.2
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MPUBOTUT K HEPAaBHOMEPHOCTH ero
pacmpenenenus Ha akBatopun (puc. 3.2 0).
PacripocTpaneHrne CTPOHIIUS  COOTBETCTBYET
oOmeld  3aKOHOMEPHOCTH, OTMEUEHHOH B
HaOmonenusx 2014 r. — u3 ryOsl AHOpeeBa B
MOpPCKOE TIpUOpekbe uepe3 ryOy 3amagHas
Jluma. BenencrBue pasHOro poja MpUPOIHBIX
(GakTOpOB M OTPAaHUYEHHOCTH  BBIOOPKH
KOPpEJSIIIHOHHAS B3aUMOCBSI3b COJICHOCTH C
KoHIeHTparmeii °Sr B Boge okazanachk caaboit
(r -0.52 mpu P1 = 0.95, n=11). Ee
JIOCTOBEPHOCTh HE ObUla  MOATBEpPXKICHA
kpurepuem CthrosieHTta [12].

B KonbsckoMm 3anuBe, 0COOEHHO B YCThE,
KOHIICHTpaLUs NSt mosIIeHa (puc. 3.2 6). K
npuMepy, cpenHss oObeMHasi aKTUBHOCTb
msotona °Sr Boge MoOTOBCKOro —3anuBa
cocraBisuia 3.4 Bx/M°, a B Boge Kosbckoro —
4.5 Bk/M°, ¢ MaKCHMyMOM B €TI0 CEBEpHO
4acTH mo 10 bk/m3. ConeHocte u
KOHIIeHTparms °Sr B Boje Kombckoro 3ammBa
CTAaTHCTUYECKH JIOCTOBEPHO B3aUMOCBSI3aHBI
(r=0.62 mpu  P1=0.95, n=10). 210
MOATBEPXKIAET  JIOKATU3alUI0  HMCTOYHHKA
PaAMOHYKJINIOB B YCTHEBOM YacTH 3aJiMBa, T1e
CONIEHOCTh  BOABI  moOBBImIeHa.  Otcrona
3arpsiI3HUTENIN BBIHOCSATCS B MPUOPEKHYIO 30HY
MOpSI TEYCHUEM.

B 1oHHBIX OTIOXEHHUSIX MOTOBCKOIO
3a1MBa OTHOCHUTEIILHO MOBBIIIICHHBIC
KoHIeHTparu  >'Cs  accomumpyercs ¢
yriryOneHusIMH JTOHHOTO penbeda (puc. 3.5).
[IpocnexxuBaeTcst pocT yIeJIbHON aKTUBHOCTH B
BOCTOYHOM HAIMPABICHUH OT UCTOYHUKA (yCThE
ryobr 3anagnas Jluma) mo mepe yBeTMYCHHS
DIyOMHBI W AKKYMYJSIIIUM ~ TIEPEHOCUMOM
TOHKOJMCIIEPCHOM  B3BECH. B paiione
pacnpocTpaHeHusi croka o AaHHbM 2013-
2014 wu 2017 rr. ycraHoBieHa mpsMas
JIOCTOBEPHAST KOPPEISIIIHOHHAS CBS3b MEXIY
yIeNbHOH aKTHBHOCTBIO ~'Cs M TITyOHHOIL:
r=0.6 npu P1=0.95, n=22. JIns pacnpenenenus
Sr Takas cBS3p OKa3alach HEIOCTOBEPHOM
BCJIC/ICTBUE T'C€OXUMHUYECKUX OCOOCHHOCTEMH
3TOr0 U30TOMA.

b). The spread of strontium corresponds to the
general pattern noted in the observations of
2014 - from Andreeva Bay to the sea foreshore
through Zapadnaya Litsa Bay. The correlation
interrelation ~ of  salinity  with ~ 90Sr
concentration in water was weak (r = -0.52 at
P1 = 0.95, n = 11) due to various natural
factors and limitation of the sample. Its
reliability was not confirmed by Student's
criterion [12].

The concentration of %Sr is increased in
Kola Bay, especially in the estuary (Fig. 3.2
b). For example, the average volume activity
of %Sr isotope of Motovsky Bay was 3.4
Bg/m? and in the water of Kola — 4.5 Bg/m?®
with maximum in its northern part - up to 10
Bg/m3. Salinity and %°Sr concentration in Kola
Bay water are statistically reliable interrelated
(r = 0.62 at P1 = 0.95, n = 10). This confirms
the localization of radionuclides source in the
estuarial part of the bay where water salinity is
increased. The pollutants are carried from here
to the coastal sea zone by the current.

Relatively increased *'Cs concentrations are
associated with a bottom relief in bottom
sediments of Motovsky Bay (Fig. 3.5). Growth
of the specific activity is traced eastward from
the source (Zapadnaya Litsa Bay estuary) as
depth increases and the accumulation of
transferable finely dispersed suspension.
Direct reliable correlation link is established
between the specific activity of ¥'Cs and
depth: r=0.6 at P1=0.95, n=22 in the area of
drain distribution according to 2013-2014 and
2017. Such link turned out doubtful for %Sr
distribution due to geochemical features of this
isotope.
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Fig. 3.5. The specific activity of **’Cs (a) and °°Sr (b) in the upper layer (0-2 cm) of bottom
sediments, Bg/kg of dry weight, 2017
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Fig. 3.6. Comparative specific activity of **'Cs in the upper layer (0-2 cm) of bottom sediments
in the Kola and Motovsky Bays, 2017

B Konbsckom 3anmuBe anst penbeda aHA
XapaKTepHbl HENPEPBIBHBIN POCT TIyOMHBI OT
BEpIIMHBI K YCThIO WM HajJU4uWe I[opora B
YCTbEBOU YaCTH. ITopor omnpeaesieT
HAKOIUICHHWE OCAJI0YHOTO MaTepuaia B KOBIIE
3anuBa. B cOOTBETCTBUU € 3TUM KOHIEHTpALUs
PaAMOHYKJIMIOB MOBHIIIEHA B JOHHBIX 0CAJKaX
CpelHel M CeBEepHOM YacTu 3ajiuBa (puc. 3.6).
VaensHas aktusHocTh 2'Cs u Sr B cpennem
cocraBmsier 4.6 brx/kr m 0.6 Bbr/kr cyxoro
ocajka, COOTBETCTBEHHO. B JOHHBIX
OTJIO)KEHUSAX MOTOBCKOrO 3ajMBa  CpeaHee
comepxanne “'Cs Bapbupyer oT 2.5 Bk/kr B
2014 r. mo 2 br/xr B 2017 r. Cpennss
KOHIIEHTpaus °Sr B OTH TOABI NPAKTHUECKH
octaBanach HemzMmeHeHHOW — 0.9 u 0.8 Bx/kr

CyXOoro ocajgka, cooTBeTcTBeHHO. Ocanku
Konwsckoro 3ammBa Oomnee 3arpsisHeHbl. Ho B
LEJIOM  YPOBEHb  3arps3HEHUss  HU3KHH,

HECPaBHMMO HHWXKe, 4YeM B ocajkax TIyOsl
AHJpeea.

Continuous growth of depth from top to
estuary and the presence of a threshold in
estuary part are characterized for the bottom
relief in the Kola Bay. Threshold determines
sedimentary material accumulation in the bay
ladle. Radionuclides concentration is increased
according to this in the bottom deposits of the
middle and north part of the bay (Fig. 3.6).
The specific activity of $3’Cs and %°Sr averages
4.6 Bg/kg and 0.6 Bg/kg of a dry deposit
respectively. The average content of 3'Cs
varies from 2.5 Bg/kg in 2014 up to 2 Bg/kg in
2017 in bottom sediments of Motovsky Bay.
The average concentration of °Sr in these
years remained unchanged — 0.9 and 0.8 Bg/kg
of dry sediment respectively. Kola Bay
deposits are more contaminated. But in
general, the level of pollution is low,
incomparably lower than in Andreeva Bay
deposits.
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PaI[I/IOI/I3OTOHBI HHyTOHHﬂ
239240py  comepxkarcsi B JOHHBIX — OCAJKaxX
Konbckoro W MOTOBCKOrO  3aJIMBOB

SMU30JAMYECKH, TaK e Kak ObLIO MOKa3aHO U
HabmoneHusMu 2013-2-14 ronos. B Konsckom
3aJMBE CTaHIMH, Ha KOTOPhIX 0OHAPY>KEHBI 3TU
PAAMOHYKJIHIBI COOTBETCTBYIOT ydacTKaM JHA
B Mypmanckom mopty (ct. Ne 1), GeperoBoit
6aze OI'VII «Atomdnor» (ct. Ne 3), ycrhio
ryosr Caiina (ct. Ne 14). B MoToBckoM 3anuBe
YYaCTKH PACIOJIOXKEHbl B TPHOPEIKHON 30HE
BJIOJIb MTOTOKA MPUOPEKHBIX BOJA, B TOM YHUCIIE
0 IyTH pPacHpOCTPaHEHUs CTOKa W3 TYObI
3amagnas Jluma (ct. Ne 16, 18, 22).
Konuentparus Py u 292y ouens Huskas.
OnHako, ocanku KoJbckoro 3ajimvBa conepar
Oonpiie paguoakTuBHOro rmiytoHus (1.5-3.5
bx/kr), yem ocamku MotoBckoro 3amuBa (0.3-
3.5 br/kr) (cm. mpunoxenue A2).

Pamuomoron ?Eu 6w11 paBHOMEPHO
pacmpeneneH B JOHHBIX  OTJIOXKEHHUAX
Konsckoro m MOTOBCKOTO 3aJIMBOB B OYEHB
HU3KOU KOHIEHTpALUH, Ha yYpOBHE
MUHUMAaJIbHOTI'O OOHapy >KEHHUS (cm.
npuinoxenne A4). Bo Bcex B3sATBIX Mpobdax
comepxanue *1Am, ©Co u ¥4Cs 6pimo HuKE
MUHUMAJbHO AETEKTUPYEMON aKTUBHOCTH.

PesynbraTsl oTpesieeHuUs
PaIuOHYKIHIOB B COOpaHHBIX 00Opa3iax BOJIbI
U JIOHHOTO OCaJKa MpuBeIeHBI B Tabmumax Al
u A4 (Ilpunoxenwust A).

Plutonium radioisotopes of #®Pu and
239,249y are contained in the bottom deposits
of Kola and Motovsky Bays sporadically just
as observations of 2013-2-14 years have also
been shown. In Kola Bay the stations at which
these radionuclides are found correspond to
the sites of the bottom in Murmansk Port (st.
Ne 1), the coastal base of FSUE « Atomflot »
(st. Ne 3), Saida Bay estuary (st. Nel4). Sites
are located in the coastal area in Motovsky
Bay along coastal waters flow including along
the way of drain distribution from Zapadnaya
Litsa Bay (st. Ne 16, 18, 22). The
concentration of 2%Pu and 23%%%py is very
low. However, Kola Bay deposits contain
more radioactive plutonium (1.5-3.5 Bag/kg)
than Motovsky Bay deposits (0.3-3.5 Bqg/kg)
(see annex A2).

152Eu radioisotope was evenly distributed in
the bottom sediments of Kola and Motovsky
Bays at a very low concentration at the level of
minimum detection (see Annex A4). The
content of 21Am, ®°Co and 3*Cs was lower of
the minimum detectable activity in all taken
samples.

The results of radionuclides determination in
collected water and bottom deposit samples
are given in Tables Al and A4 (Annex A).

3.2. PaanodKoJ1ornyeckoe coOCTossHue
MOpcKoii cpeabl B ryoe Caiiga

B Tabm. 3.1 moka3zaHbl pe3yJbTaTHI
U3MEpeHuil  00pa3loB BOABI U  JIOHHBIX
OTJIOXKEHUH, coOpaHHBIX B rybe Caitna (puc.
3.7). YpoBeHb pagNOaKTHBHOTO 3arpsi3HEHUS
BoAbl B Ty0Oe Hu3kuii. KoHieHTparus 187Cs
cocrapiser 2.3 Bk/M®, 4TO COOTBETCTBYeT
3arpsi3HeHHOCTH BOoJbl B KosbckoM 3anuBe B
paiione OTBETBIICHUS ryosbl Caiina.
Conepxanne °Sr B Bome (1.3 Br/M®) Humxe,
4eM B OKpy’karomux Bojgax Kombckoro 3ammsa

(~4 Br/vd).

3.2. Radioecological state of the marine
environment in the Saida Bay

Table 3.1 shows measurements results of
water and bottom sediments samples collected
in Saida Bay (Fig. 3.7). The level of water
radioactive contamination in the bay is low.
137Cs concentration is 2.3 Bg/m® which
corresponds to water pollution in Kola Bay in
Saida Bay branch area. ®Sr content in the
water (1.3 Bg/m® is lower than in the
surrounding waters of Kola Bay (~ 4 Bg/m?®).
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VrnenpHas akTUBHOCTE P/Cs 1 :”Sr
B JIOHHBIX OTINOKEHHAX (bK/KT)
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Activity of ¥'Cs and 0Sr in
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Puc. 3.7. ConemaHHe PaIUOHYKJIHIOB B TUTOPATLHOM TpyHTE B Ty0e Caiina, 2018 1. /
Fig. 3.7. Levels of radionuclides in the littoral sediments in the Saida Bay, 2018
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JIOHHBIE ~ OTJIOKEHUS  TaKXKe  HE
HAKaIllJIMBAIOT TEXHOTE€HHBbIE PaJAMOHYKINIBI
BBIIIIE, YeM B MPUJIECTAIONIEM YCTHEBOM pailoHe
Konbckoro 3anuBa 3a npeneiaamMu MOJIBOIHOTO
nopora. Pacnpemenenme 'Cs m %Sr B
pa3HbIX ywacTkax TyOwnl Caiina BOJIM3H
texHojorndeckor rmomaaku C31] «CeBPAO»
M BIaIM OT IUIOMIAAKU TPAKTHUYECKH HE
u3MeHsercs. O4eBUAHO, CYMIECTBYIOMHA (OH
TEXHOT€HHBIX PAJIMOHYKIUIOB B OCaJKaxX I'yObl
Caiifa crabWiIeH Ha MPOTSHKEHUU [UTUTEITLHOTO
BpeMeHH. [locTymieHuss KOPOTKOXHUBYILIUX
paauou30TONIOB B  Cpely HE OTMEUYECHO.
Pamnomszoromnos 2*LAm, %9Co,134Cs, 239240py
12Fy B jmomHEIX  ocagkax He ObUIO
obnapyxeHo (I[Ipunoxenus A2, AS).

Bottom sediments also do not accumulate
technogenic radionuclides higher than in the
adjacent estuary area of Kola Bay outside the
underwater threshold. Distribution of 3'Cs
and °°Sr practically does not change in
different sites of Saida Bay - near the
technological platform of NWC «SevRAO»
and away from the platform. Obviously the
existing  background  of  technogenic
radionuclides has been stable for a long time
in Saida Bay deposits. Arrivals of short-lived
radioisotopes to the environment were not
noted. Radioisotopes of 2*Am, %°Co, **Cs,
239249y and 2Eu were not found in bottom
deposits (Annexes A2, Ab).

Ta6numa 3.1.
Conepxanue =*'Cs u %°Sr B Mmopckoit cpene ry6si Caitna, 2018 r.
No KoopanHnatsl Paguonykmusl
CTaH- Jara
— C.ILL B.JL. 137CS QOSr 40K 232Th 239,240Pu 226Ra 152Eu
Bona
1 |2310.18]6914.802(3313.383] 2.3x03 [13x01 | - | - | - | - | -
JloHHBIE OTIOXKEHUS
1 |23.10.18|6914.892 |3313.383| 1.740.4 | 0.46+0.1 |1094+94 [28.3+2.7 | <MJIA | 13.6+1.3 | <MJIA
“fg: 23.10.18 | 6916.127 [3316.257 | 1.4+0.4 | 0.69+0.1 | 429+34 |11.2+1.3| <MJIA | 6.9+1.0 | <MJIA
Table 3.1.
Content of $3’Cs and °Sr in the marine environment of Saida Bay, 2018
N Coordinates Radionuclides
stati_on Date N E 137Cg %0gy 10K 232 | 29.240p, | 226Rg 152
Water
1 |23.10.18]6914.892(3313.383| 2.3x03 [13+01 | - | - | - | - -
Bottom sediments
1 |23.10.18|6914.892 |3313.383| 1.7+0.4 | 0.46+0.1 | 1094294 |28.3+2.7| <MDA | 13.6+1.3 | < MDA
ground | 23.10.18 | 6916.127 | 3316.257 | 1.4+0.4 | 0.69+0.1 | 429+34 |11.2+1.3|< MDA | 6.9+1.0 | < MDA

3.3. Paanoskojoruuyeckoe coOCTosIHHE
MOPCKO¥ cpeabl B IPOJIHBe Hoxanrckmii
peiin, ornenenune «I'pemuxa»

Otnenenne «I'pemuxa» CeBepo-3anagHOTO
nentpa «CeBPAO», pacnonoxkeHo B pailoHe C

MOBEIIIICHHON TUIPOIUHAMUYECKOMN
AKTHUBHOCTBIO BOJIHOH MAaccHl.
I'maponunamuyeckas aKTUBHOCTDH

o0ecrieynBaeTcsi NPUOPEKHBIMU TCUCHHUSIMU U

3.3. Radioecological state of the marine
environment in the Yokangsky Raid Strait,
«Gremikha» Branch

The "Gremikha" branch of the North-West
Center "SevRAQO" is located in the area with
increased hydrodynamic activity of the water
mass. Hydrodynamic activity is provided by
coastal currents and coasts morphology.
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Mopdororuei 6eperos.

Jlanuele u3MepeHuii oOpasmoB Boasl u | Measurements data of water and bottom
JOHHBIX OTJIOKEHHH, coOpaHHbIX B mpoiuBe | Sediments samples collected in the strait are
nokaszaHbl B Ta0J1. 3.2 u Ha puc. 3.8. shown in Table 3.2 and on Fig. 3.8.

Puc. 3.8. Conepxxanue
PaIMOHYKIHIOB B BOJIE
JOHHBIX OCaJIKax BOJIM3H
otaeneHus «I'pemMuxay,
2018 r./

Fig. 3.8. Radionuclides content in
water and bottom deposits
near «Gremikha» branch,
2018

Conepxanne *'Cs u *°Sr B Boze 1 Wk oy <O \.C
JIOHHEIX Ocafkax paiioHa ['pemixa ]

BOIA, JIOHHBIC OCAJKH,

BK/M32 Br/kr

2.
i

Content of Cs u *°Sr in water and ~ }
bottom sediments of the Gremikha area

Water Bottom sediments,
Ba/kg

49




B pe3yJibTare CJI0KMBIIErOCs
TUAPOJIOTHYECKOTO pexuMa YPOBEHb
pagualMOHHOTO  3arpsi3HEHHMs  BOABI B

HacTosAIIee BpPEMs HU3KUH U COOTBETCTBYET
o0meMy (hoHY 3arpsi3HEHHsS TPUOPEKHBIX BOJ
(IMpunoxenuss A3, A6). HesnaunrtenbHoe
TpeBbIeHHe cofiepkanus = 'Cs u “°Sr BOIu3u
PacHoIOKEeHUs] TEXHOJIOTHYECKON TIJIOIMIAAKH
«OTIENCHHUS I'pemuxay CTaTHCTUYECKH
HE3HAYMMBI, OJMM3KM K YPOBHIO €CTECTBEHHOU
Bapualuu KoHleHTpanumii [13,14].

As a result of the developed hydrological
regime the level of water radiation pollution is
currently low and corresponds to the overall
background of coastal water pollution
(Annexes A3, AG6). Insignificant contents
excess of '¥’Cs and Sr near location of
"Gremikha Branch" technological platform is
statistically insignificant, close to the level of
concentrations natural variation [13,14].

Tabnwuma 3.2.
Conepxanne ='Cs u *°Sr B Mmopckoii cpesie paiiona otnenenus «pemuxay», 2018
No Koopaunatst Panuonyknuabt
C;I?II:[- ﬂaTa C.ILL. B.II. 137CS 40K 232Th 239,240Pu 226Ra 152Eu
Bona
1 30.9.18 |6803.616 {3931.213| 1.4+0.8 | 4.5+0.6 - - - - -
4 30.9.18 |6804.540 {3927.815| 1.1+0.3 | 1.98+0.6 - - - - -
JloHHBIE OTIOXKEHUS
1 30.9.18 |6803.616 {3931.213 | 2.84£0.3 |0.21+0.03| 771+61 {27.5+2.8| <MJIA | 24.0+3.6 | <MJIA
3 30.9.18 |6803.472 |3931.095| 2+0.2 |0.79£0.1 | 623455 |20.4+2.2| <MJIA | 27.1£2.5 | <MJA
Table 3.2.

Content of ¥’Cs and %°Sr in the marine environment of «Gremikha» Branch area, 2018

Coordinates

Radionuclides

Ne

station Date

N E B1Cs

239,240Pu

40K 232Th 226Ra 152Eu

Water

30.9.18 |6803.616 |3931.213 | 1.4+0.8

4.5+0.6

30.9.18 |6804.540 |3927.815| 1.1+0.3

1.98+0.6

Bottom sediments

30.9.18 |6803.616 |3931.213 | 2.8+0.3

0.21+0.03

771+61 |27.5+2.8| < MDA | 24.0£3.6 | < MDA

30.9.18 | 6803.472 3931.095| 2+0.2

0.79+0.1

623+55 |20.4+2.2| < MDA | 27.1+2.5 | < MDA

Taxum obpazom, MO>KHO
KOHCTaTUpPOBaTh, YTO B HACTOAILEE BpPEMs B
npuOpeXHOM  30HE OTKPHITOTO MOpS Ha
yuactkax TpaH3uta OST cymecTBytoT aBa
UCTOYHUKA TEXHOTEHHBIX  paJMOHYKIHJIOB,
KOTOpbIE  (DOPMUPYIOT  PagHOIKOIOTHUECKUI
¢on. B wyactHOCTH 3TO  XpaHUJIMILE
paZMOAaKTUBHBIX OTXOJI0B B rybe AHJIpeeBa u
cymMmapHelii  cTtok  Kosbckoro 3ammBa, B
KOTOPOM pacIoylaratloTcsi HECKOJIBKO OOBEKTOB
UHPPACTPYKTYPHI aTOMHOTO ¢uoTa.
PannoakTuBHBIE 3arps3HEHUs INONAAAIOIINAE B
MortoBckuii  3anmuB W3 TyObl  AHapeeBa
NepepacnpenesIIOTCs 10 AKBaTOPUU 3aJIMBA B

Thus, it can be stated that there are currently
two sources of technogenic radionuclides in
the high sea coastal area at SNF transit sites
which form a radioecological background. In
particular it is radioactive waste storage in
Andreeva Bay and Kola Bay total drain in
which several infrastructure facilities of the
nuclear fleet are located. Radioactive
contaminations getting Motovsky Bay from
Andreeva Bay are redistributed on bay water
area in the eastern direction to its estuary with
a decrease of radionuclides concentration. In
Kola Bay there is accumulation of pollutions
getting to the bottom deposits in the middle
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BOCTOYHOM HAIpaBJIEHUU K €ro YCTBIO CO
CHI)KEHHMEM KOHIIEHTPALlUU PaJvoOHYKJINJI0B. B
Konbckom 3anMBe NpPOUCXOIUT HAKOIUIEHUE
MOMAJIAIONIUX B IOHHBIE OCA/IKU 3arpsi3HEHUN B
CPEJHEM U CEBEPHOM KOJIEHaX 3ajluBa B
COOTBETCTBUU c pensedom JTHA.
Paguonyknuasl BO B3BEIIEHHOM COCTOSTHUM
BBIHOCATCSL U3 3aJMBa CTOKOBBIM TE€UCHHEM B
OTKPBITOE MOpE.

Xpanumuma PAO u OST B rybe Caiina
¥ npomuBe Mokamerckuii peiin (oTmenenue
«I"pemuxa») He OKa3bIBAIOT B HACTOAIEE BPEMSI
CYLIECTBEHHOIO BIJIMSIHMSI Ha 3arps3HEHHE
MOPCKOH BOJIbI U JOHHBIX OCAIKOB.

and northern bay parts in accordance with the
bottom relief. Radionuclides in suspended
condition are carried out from the bay by drain
flow into the high sea.

RW and SNF storages in the Saida Bay and
Yokangsky Raid Strait («Gremikha» Branch)
do not currently have a significant impact on
the pollution of marine water and bottom
deposits.

3.4. Paamoskojiornyeckoe cocToOsTHUE
MOPCKOi1 OMOTBHI

Hns HCCIIEIOBAHU I panuo-
9KOJIOTHYECKOT0  COCTOSIHUSL  OMOTHI  ObLIH
OTOOpaHbl TECTOBBIE 00Opa3lbl BOJIOPOCIEH,
OCHTOCHBIX OpraHU3MOB (MOJUTFOCKOB-
¢unsTparopo Mytilus edulis - oObikHOBEHHAS
MUTUSA, OCHTOCHBIX paKooOpa3HbIX

Gammaridea). TIpoObl cobpaHbl B MpHOPEKBE
Mypmanckoro Oepera: B Kombckom 3anmBe
(BepmmHa Kombckoro 3anmBa, Mbic AOpawm,
MbIC MunykoB, ry0oa benokamennas, a Takke B
ryobax Toms wu Caiina) mw B MpoOJUBE
Mokanbrcknii peiin (otmencHne «[pemmxay)
(puc. 2.1).

3.4. Radioecological state of marine biota

Test samples of algae, benthic organisms
(molluscs filtration organisms Mytilus edulis -
ordinary  mussel,  benthic  crustaceans
Gammaridea) were selected for research of
biota radioecological state. Samples were
collected in the foreshore of Murmansk coast:
in Kola Bay (the top of Kola Bay, Abram
Cape, Mishukov Cape, Belokamennaya Bay
as well as in the bays of Tonya and Saida) and
in Yokangsky Raid Strait ("Gremikha"
Branch) (Fig. 2.1).

3.4.1 AKTHBHOCTH TEXHOT€HHBIX
PATMOHYKJIHI0B B MOPCKHX BOIOPOCJIAX-

Makpogurax
CniocoO6HOCTh BOAOPOCTIEH-MaKpO(hUTOB
HaKallJInBaTh PAAOaKTUBHBIC HU30TOIIbL

3aBUCUT OT KOHIIGHTPALMU PaJUOHYKIHIOB B
BOJI€, OT COJIEHOCTH MOPCKOU BOJIBI M BPEMEHU
HAXOXXICHUS PACTCHHI HAa OCYIIKE B YCIOBHSX
aTMocdepsl. Makpo(UThI 4aCTO UCHOIB3YIOTCS
B UCCIICIOBAaHHSIX pPalnOaKTUBHOTO
3arpsi3HEHUs BO10eMOB (puc. 3.9).

st mccnenoBaHWit  ObLTM  OTOOpAHBI
o0pasilbl BOAOPOCTEH, KOTOpble OOWTAIOT Ha
JIBYX THIICOMETPUYECKHX YPOBHSX JIMTOPAIH
(cm. puc. 2,1; 2,12). Ha oGchixarorieid yacTu
mutopamu  (ct. 1, 2, 3) ObM OTOOpaHBI
BojlopociM  ceMmeiictBa Fucaceae Fucus
vesiculosus u Ascophillum nodosum. Dtu Bus!
TUMTUYHBI 711 00CHIXAIOUIEH YaCTH JIUTOPAIH.

3.4.1 Activity of technogenic radionuclides
in seaweed-macrophytes

Seaweed-macrophytes ability to
accumulate radioactive isotopes depends on
radionuclides concentration in the water,
seawater salinity and the time plants spent on
drying in atmosphere conditions. Macrophytes
are often used in radioactive contamination
research of water bodies (Fig. 3.9).

Algae samples which live on two
hypsometric levels of the littoral were selected
for the research (see Fig. 2,1; 2,12). Algae of
the family Fucaceae - Fucus vesiculosus and
Ascophillum nodosum - were selected on the
drying part of the littoral (st. 1, 2, 3). These
species are typical for the drying part of the
littoral.
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Puc. 3.9. O6pa3usl Bogopocneii-MakpopuToB, coOpaHHbIE IS PaAH03KOIOTMYECKUX
HUCCIIEIOBAHUI /
Fig. 3.9. Algae-macrophytes samples collected for radioecological researches

B HwxHell yacTu nuTOpanu, KOTOpas
oOHaxaeTcss JUIIb B CHU3UTUWHBIC OTJIUBBI,
ObLTH O0TOOpaHBI BOJIOPOCITH ceM.
Laminariadae, B 4acTHOCTM, THUIIMYHBIA JJIs
sTMX TiayomH Bua Laminaria saccharina
(mamuHapust caxapwuctasi). [IpoOb1 sTorO BHIA
OTOMpPANIMCh BOJOJA3HBIM CIIOCOOOM B HIKHEH
YacTH JINTOpAIIU TYObl bellokaMeHHast U 'y Mbica
Abpam — Touku Ne 3, 6.

Fucus vesiculosus

Haubonee pacnpocTpaHeHHast
BOJIOPOCTH B OTKPHITOM IpuOpekbe MypmaHa,
B rybax u 3ammBax — F. vesiculosus. ITpoGsi
9TOTO BHUAA COOpaHbl TIPU  HCCICIOBAHUU
MPAKTUYEeCKH Ha Bcex cTaHuusax B Kombckom
3ammBe, ryoe Caiina 1 MOKaHBICKOM MPOJIHBE.
Tem camMbiM ATOT BHUJA SBISETCS HamOolee
pEeTpE3eHTATUBHBIM ~ JUII  CPaBHUTEIHLHOTO
aHaJIM3a U OLEHKHU COCTOSIHUS PaJMOAKTUBHOTO
¢doHa B MmakpoduTax.

Pesynbrarel HCCIIEIOBAHU I
paZlMOaKTHBHOTO 3arps3HEHUs Bomopociei F.
vesiculosus mpexacranensl B Tabauie 3.3 u B
[Mpunoxxennn Bl. B 1enom, coxepxanue
TEXHOTCHHBIX ramMMa-u3IIyqaronux
PaIMOHYKJIHMIOB B BOJOPOCISAX, HH3Koe. B
OOJNBIIMHCTBE MPOO U3MEpeHHas yJelbHas
aKTUBHOCTh  ObIJa  HWKE  MUHHMAaJIbHO
JETEKTUPYEMOM AKTUBHOCTH MJIA),
peructpupyeMor  anmaparypoil. Jlumb B
HECKOJIbKUX  paiioHax Kombckoro 3anmBa
3aperUCTPUPOBAHA TOCTOBEPHO NETEKTHpYeMast
xonnenrpamus  3'Cs, 3Cs, Eu. B ry6e
Caiina uw B BepmmHe Koabckoro 3aimBa
obnapyxen ='Cs, B paiione Mbica Mumrykos —
13¥Ccs n ?Eu, y wmpica A6pam *?Eu.
Conepsxanne °'Cs B BOJOPOCTAX B BEpIIMHE
Kousibckoro 3anmBa ObUIO BABOE BBINIE, YEM B

Laminariadae family algae, in particular,
Laminaria saccharina (sugary laminaria) a
typical for these depths species were selected
in the lower part of the littoral which is
exposed only in spring outflows. Samples of
this species were taken by the diving way in
the lower part of the littoral of Belokamennaya
Bay and at Abram Cape - points Ne 3, 6.

Fucus vesiculosus

F. vesiculosus is the most common alga in
Murman open foreshore and in bays. This
species samples were collected at the research
almost on all stations in Kola Bay, Saida Bay
and Yokangsky Strait. Thereby this species is
the most representative for comparative
analysis and assessment of the radioactive
background state in macrophytes.

Research results of F. vesiculosus algae
radioactive contamination are presented in
Table 3.3 and in Annex B1. In general, the
content of technogenic gamma-emitting
radionuclides in algae is low. In most samples
the measured specific activity was lower of the
minimum  detectable  activity = (MDA)
registered by the equipment. Reliable
detectable concentrations of *’Cs, 1**Cs, 1°2Eu
have registered only in a few areas of Kola
Bay. 1¥’Cs was found in Saida Bay and in the
top of Kola Bay, ***Cs and ?Eu - in the area
of Mishukov Cape, ?Eu at Abram Cape.
137Cs content in algae at the top of Kola Bay
was twice higher than in Saida Bay. Obviously
that at very low radionuclides concentrations
algae in the area of Mishukov Cape (st. Ne 3)
and Abram Cape (st. Ne 2) experience greater
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ryoe Caiina. OueBHUIHO, YTO MIPH OYEHb HU3ZKHUX
KOHIEHTPALUAX PaJUOHYKIUAOB BOJIOPOCITH B
paiione Mbica MumykoB (ct. Ne 3) u MmbIc
AGpam (ct. No 2) WCHBITBIBAIOT OoJibIee
BIUSHUE TEXHOTEHHOW paaualii, YeM Ha
OpyruX Yy4yacTKax 3ajiuBa U OTJIEJICHUS
I'pemuxa. B paHHOM palioHE pPACIOIOKEHO
OI'VIT «AtompoT.

Konnentpanus Oera-uzimydarens 0gyr
HE3HauuTeNbHA. J[Mana3oH ero KOHUEHTpAIui
coctasiisieT ot 0.4 o 0.85 Br/Kr cyxoi Macchl.
B mnpo6ax w3 Kombckoro 3ammBa (MBIC
MuIrykoB)  KOHIIGHTpAIMsl  pagrOHYKIH]IA
BJBOE BBINIE, YeM B MPONHMBE MOKAHBICKMit
peun.

N3mepenns MPUPOTHBIX
PAAMOHYKIIHIOB VK, 2°Ra, 2%2Th, 28U u
KOCMOTEHHOTO 'B€  TIO3BONMIM  BBHIBUTH
Uana3oHbl KOHIIEHTpAlMi, XapakTepHble s
JaHHOTO BHUJa B mpubOpexpe MypMmaHa.
VneneHas aktuBHOCTh ‘K Bapeupyer B
npenenax ot 590 1o 127; °Ra — ot 6.1 10 0.8;
2%2Th - o1 8.9 o 1.5; 28U - 01 9.5 1o 1.0; 'Be
— ot 74.4 1o 6.2 Bk/Kr cyxo0if Macchl.

B Bepmune 3anuBa (ct. Ne 1) ormedeHo
HOBBIIICHHOE HakomieHne *2°Ra, 2%?Th u 2%U,
OPUPOJHBIX PAAUOHYKIHIOB, COMPSIKEHHBIX
MEXIy COOOM, OTHOCSAIIMXCS K JINTOC(EPHBIM
aneMeHTaM. VX TOBBIIEHHOE HAKOIUIEHHE
BOJIOPOCIISIME 00YCIIOBIIEHO CTOKOM pek Koma
u Tynoma.

influence of technogenic radiation than on
other bay areas and «Gremikha» Branch.
FSUE «Atomflot» is located in this area.

Sr  beta emitter  concentration s
insignificant. Its concentration range is from
0.4 to 0.85 Bg/kg of dry weight. In samples
from Kola Bay (Mishukov Cape) radionuclide
concentration is twice higher than in
Yokangsky Raid Strait.

Natural radionuclides measurements of “°K,
226Ra, 22Th, 28U and kosmogenny 'Be
allowed to reveal -concentrations ranges
characteristic for this look in Murman
foreshore. “°K specific activity varies in limits
from 590 to 127; ?°Ra - from 6.1 to 0.8; **Th
- from 8.9 to 1.5; 23U - from 9.5 to 1.0; 'Be -
from 74,4 to 6.2 Bg/kg of dry weight.

In the top of the bay (st. Ne 1) the increased
accumulation of #2°Ra, 232Th and #8U is noted,
natural  radionuclides interfaced among
themselves related to lithospheric elements.
Their increased accumulation by algae is due
to the drain of Kola and Tuloma rivers.

Tab6muma 3.3

VY aenpHast aKTHBHOCTh PAAMOHYKINI0B B Bogopocisx F. vesiculosus B paiione tpanszuta OSAT,
bx/kr cyxoit maccel. Mroab-okTs6ps 2018 T.

Mecro oTdopa npoOsl Cs-137 | Cs-134 | Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
EZTﬁa]\ﬁe;OKaMeHHa" <MJIA | <MJIA | <MJIA | 6.2+0.9 — 237420 | 14402 | 1.5+0.2 | 1.3+0.2
X‘;‘Cﬁfg‘;“ym <MJIA |1.040.2 | 1.240.5 | 23.243.9 | 0.85+0.11 | 468+32 | 2.1+0.4 | 2+0.4 |2.3+0.4
Mbic AOpam (ct. Ne 2) <MIOA | <MIOA | 1.7+0.5| 74.4+£14 — 314428 | 2+0.4 |5.4+0.5 | 4.3+0.6
sepumia Komcxoro 1.140.2 | <MJIA | <MJIA | 9.646.2 — | 346420 | 6.1+0.5 | 8.9+0.5 | 9.5+1.4
3asmBa (ct. Ne 1)

ry6a Toms (ct. Ne 8) <MJIA | <MJA | <MJIA |49.3+53| —  |389+23|2.2+0.2|2.7+0.2 | 2.120.3
ry6a Caiina 05+0.2 | <MJIA | <MJIA |49.9+8.3| — |441%34|3.5:0.5|4.30.4 | 3.4+0.6
npous MoKkarbrexuit | -y | ovTA | <MJTA | 34.945.0 | 0.3940.05 | 127+13 | 0.8+0.2 | 2.2+0.2 | 1.040.1
peiin (ota. 'pemuxa)

npoimus MoKaubrexnuit |\ ina | MrTA | <MJTA | 37.745.5 | 0.4140.05 | 590441 | 1.7+0.4 | 3+0.4 | 1.8+0.5
pein (ota. 'pemmuxa)
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Table 3.3

Radionuclides specific activity in F. vesiculosus algae in SNF transit area, Bg/kg of dry

weight. July-October, 2018

Place of sample Cs-137 | Cs-134 | Eu-152 | Be-7 | Sr-90 | K-40 | Ra-226 | Th-232 | U-238
selection
Z‘E";\';age””ayaBay <MDA |<MDA|<MDA| 62409 — | 237+20 | 1.4#0.2 | 1.5+0.2 | 1.3+0.2
'(\:t'S;S';‘;VC""pe <MDA |1.0£0.2 | 1.240.5 | 23.2+3.9 | 0.8520.11 | 468+32 | 2.1+0.4 | 2+0.4 | 2.3+0.4
Abram Cape (st. Ne2) | <MDA |<MDA |17405 | 74.4+14 | —  |314428| 2+0.4 |5.4+0.5 | 4.30.6
KolaBay top (st. Ne 1) | 1.140.2 | < MDA |< MDA | 9.66.2 — | 34620 | 6.1+0.5 [ 8.940.5 | 9.5+1.4
Tonya Bay (st. Ne 8) <MDA |<MDA|<MDA[493+53| — [389+232.2402|2.7+0.2|2.1+0.3
Saida Bay 05+02 |<MDA|<MDA|49.9+83| — |441+34|35+05|4.3+0.4 |3.4+06
Yokangsky Raid Strait | _ \\h | < MDA | < MDA | 34.945.0 | 0.3940.05 | 127413 | 0.8+0.2 | 2.240.2 | 1.040.1
(Gremikha Branch)
Yokangsky Raid Strait | _\\5 | < MDA | < MDA | 37.745.5 | 0.4140.05 | 500441 | 1.7+0.4 | 3+0.4 | 1.8+0.5
(Gremikha Branch)

Ascophillum nodosum Ascophillum nodosum

Bomopocmu  Ascophillum  nodosum |  Ascophillum nodosum algae are also widely

TaKk)Ke MUPOKO PaCHpEeeNieHbl B MPUOPEKbE,
OJIHAKO B TECTOBOM cOope mpo0 3Toro BHAA
Obul0 MeHbIne, yeM F. vesiculosus. Onxnako

coJiepKaHne TEXHOTEHHBIX ramma-
N3Tydaromux PaaAuOHYKIINI0B B ITUX
BOJIOPOCIISIX aHAJIOTHYHO. W3mepenHnas

yAenbHAs aKTUBHOCTH B OOJBIIMHCTBE MPOO
onuta HKe MJIA. PesynpTaThl mpencTaBieHbl
B Tabn. 3.4 u B Ilpmnoxenun B2. 3naunmbie
KOHIICHTPAllMd  OTHCIBHBIX  TEXHOTCHHBIX
PAaAMOHYKIHIOB  — 187cs,  Ngr, B2y,
oOHapyXeHbl B Tpo0ax EIWHUYHO B TyOax
Benokamennas (cr. Ne 6) m Caiima, y mbica
Mumykos, *?Eu - B ry6e Tons (ct. Ne 8) u B
paifone mpica AOpam (ct. Ne 2). VnenbHas
aKTHBHOCTh PAJMOHYKIHUIOB B oOpasmax A.
nodosum wu F. vesiculosus OZIMHAKOBA.
Bomopocis A, nodosum cobpaHa He B
BepmrHe  Kombckoro  3amuBa.  [loatomy
NOBBIIICHHAs] ~ KOHIIEHTpAIMsI  TPUPOIHBIX
PaIuOHYKIIHIOB 2%Ra, **’Th u °®¥U =8
HCCIIeyeMbIX 00pa3iiax He ObLII0 0OHAPYKEHO
(tabi. 3.4).

distributed in the foreshore, however this
species samples were less than F. vesiculosus
in test collection. However, the content of
technogenic gamma-emitting radionuclides in
these algae is similarly. Measured specific
activity was lower of MDA in most samples.
Results are presented in Table 3.4 and in
Annex B2. Significant concentrations of
separate technogenic radionuclides - *’Cs,
0Sr, 152Ey, are found in samples single in Bays
of Belokamennaya (st. Ne 6) and Saida, at
Mishukov Cape, ®?Eu - in Tonya Bay (st. Ne
8) and in the area of Abram Cape (st. Ne 2).
Radionuclides specific activity in samples of A.
nodosum and F. vesiculosus is the same. A.
nodosum alga is collected not at the top of
Kola Bay. Therefore, the increased
concentration of natural radionuclides of ??°Ra,
232Th and 2%¥U was not found in studied
samples (Table 3.4).
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Tabmuma 3.4
VY nenbHasi akTUBHOCTh PaJIMOHYKIIUIOB B Bojopociisix A. nodosum B Konbckom 3anuBe U
ponBe Mlokanbrekuii perin, bk/kr cyxoit maccel. Mronb-okTsi0ps 2018 1.

Mecro otbopa npoGsr | Cs-137 | Cs-134 | Eu-152 Be-7 Sr-90 K-40 Ra-226 | Th-232 | U-238
Ezfajéeg)OKaMeHHa" 0.3:0.1 | <MJIA | <MJIA | <MJIA — 350429 | 1.140.2 | 240.2 | 1.240.2
Ef;‘cl\lr\f‘;;”y‘“m 05+0.1 | <MJIA | <MJIA | 39+9.3 |0.53+0.07 | 63944 | 2.3+0.6 | 2.7+0.4 | 3.00.7
Mbic AGpam (ct. Ne 2) | <MJIA | <MJIA | 1.0£0.5 | 4.8+1.1 — 334429 | 1.9+0.5 | 5.6+0.2 | 1.020.2
ry6a Tons (cr. Ne 8) | <MJIA | <MJIA | 1.0£0.6 | 7.3+1.5 |0.45+0.06 | 30319 | 2.4+0.2 | 1.5+0.1 | 2.2+0.6
ry6a Caiina <MJIIA | <MJIA | <MJIA | 28.2+7.0 | 0.120.01 | 337+23 | 1.6+0.5 | 2.1+0.4 | 2.0+0.4
npomuB Mokanbrexnuit |y pra | vja | <MIA | <MIIA | 0.4840.06 | 285#25 | 1.8+0.6 | 1.4+0.4 | 1.140.4
perin (otn. I'pemuxa)
Table 3.4

Radionuclides specific activity in A. nodosum algae in Kola Bay and Yokangsky Raid
Strait, Bg/kg of dry weight. July-October, 2018

Place of sample Cs-137 | Cs-134 | Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
selection

Zf'%ag'e””aya Bay | 03+0.1 | <MDA | <MDA | <MDA | — 350429 | 1.140.2 | 2+02 | 1.2402
'(\:t'sgf'g‘;"cape 05:0.1 | <MDA | <MDA | 39+9.3 |0.53+0.07 | 630+44 |2.3:0.6 | 2.7+0.4 | 3.0:0.7
gfr;'jgape <MDA | <MDA | 1.0+0.5 | 4.8+1.1 — 334229 | 1.9:0.5 | 5.6+0.2 | 1.0£0.2
Tonya Bay (st. Ne8) | < MDA | <MDA | 1.0£0.6 | 7.3t+1.5 |0.45:0.06 | 303£19 | 2.4+0.2 | 1.5+0.1 | 2.2+0.6
Saida Bay <MDA | <MDA | <MDA | 28.247.0 | 0.1+0.01 | 337+23 | 1.6+0.5 | 2.1£0.4 | 2.0+0.4
Yokangsky Raid

Strait (Gremikha <MDA | <MDA | <MDA | <MDA |0.48+0.06 | 28525 | 1.8+0.6 | 1.4+0.4 | 1.1+0.4
Branch)

Peoxkue 6udvl sodopocietl

Bomopociu  Bumo Fucus distichus u
Palmaria palmata npencrasieHsl B TECTOBBIX
Oopax 1O OnmHOM Tmpobde, HECMOTpPs Ha

OTHOCUTEJIBHO  IIUPOKOE  PacCHpOCTPaHCHUE
ATHX BHJIOB Ha JPYIMX y4acTKaX TECCTUPYEMOM
oOJacru. VY nenpHas AKTUBHOCTD

PaJMOHYKJIHJIOB B 00pa3max 3TUX BOJOPOCIICH
npeacrasieHa B Tabaune 3.5 u B [Ipunoxenun
B3. VnaenpHas axKTHUBHOCTH TEXHOTE€HHBIX
raMMa-u3JIydaronux paJuOHYKIHIOB HHUXKE
MJIA. VYpoBeHb comepkaHHA °Sr OYeHb
HU3KHUUA. 3arps3HEHHOCTh THX BUIOB IIEJIOM
COOTBETCTBYET 3arpsSI3HCHHOCTH (PyKOHIOB.

Konrnenrpanuu HPUPOIHBIX
PaJIMOHYKIIH/IOB 226Ra, 232Th, 238y
COOTBETCTBYET ydYacTKaM, HAXOJSIIUMCS O]
BJIUSTHUEM PEYHOTO CTOKA.

Rare species of algae

Algae of the species Fucus distichus and
Palmaria palmata are represented in test boras
by one sample, despite the relatively
widespread distribution of these species on
other site of the tested area. Specific activity of
radionuclides in samples of these algae is
presented in Table 3.5 and in Annex BS3.
Specific activity of technogenic gamma-
emitting radionuclides is lower of MDA. °°Sr
content level is very low. The contamination
of these species in general corresponds to
fucoids pollutions.

Concentrations of natural radionuclides of
2%6Ra 22Th, 28U correspond to sites being
under the influence of river drain.
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Tabmuma 3.5

VY nenbHas aKTUBHOCTH PAJIMOHYKIIHIOB B MPo0ax peAKux BUa0B Bogopociei: F. distichus,
P. palmatq, L. saccharina na yuacmrkax tpansura OST, Bk/Kr cyxoii Macchl.
Wronp-okTs10ps 2018 1.

Mecto ot6opa npo6er | Cs-137 | Cs-134 |Eu-152| Be-7 | sr90 | K-40 | Ra-226 | Th-232 | U-238
Fucus distichus
gfaﬁ"g)"KaMeHHa" <MJIA | <MJIA | <MJIA |57.5+2.3 |0.13+0.02 | 1151497 [11.142.4 | 1.7+2.4 | 22.6+4.9
Palmaria palmata
npouHB MOKARBICKUI | \ira | \ia | <MJTA [23.745.0| — | 2153458 | 75417 | 6.4+3.6 | 38.6+9.9
peiin (otn. 'pemuxa)
Laminaria. saccharina
ryba benoxkameHHas 13.7£2.
ex. M 6) <MJIA | <MJIA | <MJIA | <MJIA —  [3016£183 4.1x2.8 | <77 |17.045.9
Mbic AOpam (cT. Ne 2) | <MIA | <MIJA | <MHIA | <MJA — 615+46 | 1.8+0.3 | 5.6+0.5 | 2.1+0.4
Table 3.5

Specific activity of radionuclides in samples of rare algae species: F. distichus,
P. palmata, L. saccharina on SNF transit sites, Bg/kg of dry weight.

July-October, 2018
Place of sample Cs-137| Cs-134 |Eu-152| Be-7 | Sr-90 | K-40 | Ra-226 | Th-232 | U-238
selection
Fucus distichus
zf";\'rf)ag)‘e””aya Bay | _MDA | <MDA | <MDA |57.542.3 [0.13+0.02 | 1151497 |11.142.4| 1.742.4 | 22.6+4.9
Palmaria palmata
Yokangsky Raid
Strait (Gremikha <MDA | <MDA | <MDA |23.7+5.0 — 2153458 | 7.5+1.7 | 6.4+3.6 | 38.6+9.9
Branch)
Laminaria. saccharina
zf'?\'rf)ag)‘e””ayaBay <MDA | <MDA | <MDA | <MDA —  |30162183| 4.1+2.8 13'?2' 17.045.9
Abram Cape (st. Ne 2) | <MDA | <MDA | <MDA | <MDA — 615+46 | 1.8+0.3 | 5.6+0.5 | 2.1+0.4
[TpoOsr BOJIOPOCITH Laminaria | Samples of Laminaria saccharina algae are
saccharina cobpansl B rinybunHOoi 30He | collected in the deep zone of littoral (st. 2, 6).

mutopanu (ct. 2, 6). Ha ygactok y mpica AGpam
(ct. No 2) MOXKET pacmpOCTPaHATHCS BIIMSTHUE
OI'VII «Atomdnor». B tammomax Bogopocin
L. saccharina, oouraronieit Konbckoro 3anusa,
yAenbHAs aKTHBHOCTh TEXHOTCHHBIX TaMMa-
U3ITyYaIoOUX paJAUOHYKIUJIOB ObUla HHXKE
MJIIA, uyto oTiM4yaer wux OT (YKOHIOB
Fucaceae, oburarommx B 3TOM Ke palioHE B
«30He» ocymku. [IpuponHble paguOHYKIHUIbI,
BapbUpOBATN B jauanaszoHax: ‘°K — 615-3016;
2%6Ra — 1.8-4.1; #2Th - 5.6-13.7; 28U - 2.1-
17.0; 'Be — < MJIA BK/Kr cyxoii MacChl
PesynbraThl npencraBineHsl B Tabnuie 3.5 u B
[Tpunoxenun B3.

The influence of FSUE «Atomflot» can extend
on the site at Abram Cape (st. Ne 2). In alga
tallomas of L. saccharina living in Kola Bay,
the specific activity of technogenic gamma-
emitting radionuclides was below of MDA
which distinguishes them from Fucaceae
fucoids living in the same area in the drying
«zone». Natural radionuclides varied in
ranges: “°K - 615-3016; ?°Ra — 1.8-4.1; 2%2Th
- 5.6-13.7; #8U - 2.1-17.0; 'Be - < MDA
Ba/kg of dry weight. The results are
represented in Table 3.5 and in Annex B3.
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3.4.2. Copep:kaHue TeXHOT€HHBIX
PAANOHYKJIHI0B B 0€HTOCHBIX OPraHu3Max
U3 OCHTOCHOM (hayHbI TUTSt

UCCIIEIOBaHU O0TOOpaHbl MPOOBI MOJUTIOCKOB-
¢unsTparopos Mytilus edulis u BeicIHX pakoB
Gammaridea. Momnnrocku M. edulis
(oObIKHOBEeHHast ~ MHOWsA)  OTOOpaHBI B
Konbckom 3anuBe (ryba benmokamenHasi, CT.
Ne 6; mpic AGpam, ct. Ne 2; ryba Caiina) u
npomuse  Moxamerckmii  peiin  (I'pemuxa).
["amMapuabl coOpaHbl Ha pa3HBIX ydacTKaxX B
ryoe Tons (ct. Ne 8), B ryde Caiina u nponuse
Moxanbrckuii peitn (Ipemuxa) (prc. 3.10).

JKu3HeHHbIe IUKIIBI OPraHU3MOB OEHTOCA
B cpeaHeM cocTaBisioT 4-9 ner [15]. B Teuenue
CBOCH JKM3HM OOUTATed MOPCKOTO JHA B
MpOIeCCe TBIXaHUS W MUTAHUS M3BICKAIOT U3
INPUIOHHBIX BOJ M JIOHHBIX OTJIO)KEHUH He
TOJILKO  TUTAaTeNbHBIE  BEIIECTBA, HO U
3arpsi3HEHMs, B TOM YHWCIIE U PAaTUOAKTHUBHBIC
YACTHIIBI

3.4.2. Content of technogenic radionuclides
in benthic organisms

Samples of mollusks filtration organisms
Mytilus edulis and the highest crayfish
Gammaridea were collected from benthic
fauna for research. Molluscs M. edulis
(ordinary mussel) are selected in Kola Bay
(Belokamennaya Bay, st. Ne 6; Abram Cape, st.
Ne 2; Saida Bay) and Yokangsky Raid Strait
(Gremikha). Gammaridas are collected at
different sites in Tonya Bay (st. Ne 8), in Saida
Bay and Yokangsky Raid Strait (Gremikha)
(Fig. 3.10).

Life cycles of benthos organisms average 4-
9 wvyears [15]. During their life seabed
inhabitants in process of breathing and
nutrition extract from benthonic waters and
bottom sediments not only nutrients but also
contaminants including radioactive particles.
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Puc. 3.10. O6pa3nbl OeHTodhayHbI, COOpaHHBIE IS PATUOIKOIOTHICCKIX UCCIICIOBAHMIM /
Fig. 3.10. Bentofauna samples collected for radioecological researches

Momtrock Mytilus edulis

CopepkaHue TEXHOTEHHBIX TraMMa-
U3IYYaloIUX PaJMOHYKIUIOB B MHUIUSAX Ha
UCCJIEyeMbIX YYacTKaX HHM3KOe, U3MEepeHHas
ylenbHas aKTUBHOCTh B OOJIBIIMHCTBE MPOO
Hmwke MJIA. Pe3ynbTaThl mnpeacTaBieHbl B
tabm. 3.6 u B [Ipunoxenun B4.

Y wmpica AOGpaM ©W B TPOJIUBE
Mokaubrekuii peii; 0GHAPYKEHBI HH3KHE, HO
JIOCTOBEPHO 3HAYMMble KoHIeHTpauun 3'Cs,
NSr u °Eu u 'Be. Jnga nanHOro BHJA

Mytilus edulis mollusk

The content of technogenic gamma-
emitting radionuclides in mussels is low on the
studied sites, the measured specific activity in
most samples is lower of MDA. The results are
presented in Table 3.6 and in Annex B4.

Low but authentically  significant
concentrations of 3’Cs, ®Sr and *?Eu and 'Be
are found at Abram Cape and in Yokangsky
Raid Strait. The specific activity of “°K varies
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ylenbHAs AaKTUBHOCTh “°K  BapbupyeT B
npenenax ot 25 1o 389; *°Ra — or 1,3 1o 5,2;
22Th - or 1.6 1o 5.6; 28U or 1.5 no 6.1; 'Be
ot <MJIA no 1,3 BK/Kr cbIpoii Macchl.

PakooOpa3zubie Gammaridea

B uccrnenyembix Buaax pakooOpasHBIX
coJiepKaHue TEXHOTCHHBIX ramMma-
U3ITyYaIOUX PaJIUOHYKIUAOB IIPEICTABICHO B
tabn. 3.7 u B llpunoxenun B5. U3mepennas
yienbHas aKTHBHOCTH >/CS B mpobax HIDKe
MJIA, 3a HCKIIOUCHHEM OJHOTO BHAA —
Gammarus sp., KOHIIEHTpalusl paguoHYyKJIUIa
cocraBisier 1 Br/kr. IlpobGa Obiia orobpana B
ryoe Tomns, cT. No 8.

Haxe pu HE3HAYUTEIILHOM
KOJIMYECTBE MPOO MOXKHO MPENIOJIOKHUTh, YTO
Ha OTJETBHBIX ydacTkax B KollbckoM 3anmBe
MOKHO OOHAPYXKUThH TEXHOTCHHBIE
PaTuOHYKIHIBI B OEHTOCHBIX PaKOOOpa3HBIX B
HE3HAYUTEIbHOW KOHIIEHTPAIIUH.

VnenpHas aKTUBHOCTE 0K B
pakooOpa3HbIX BappUpyeT B mpeaenax ot 40 1o
151; ?*°Ra - or 2.4 no 5.9; ?*Th - or 0.8 no
11.3; 28U - or 2.2 no 12.1; 'Be — ot <MJIA
110 7.8 BK/KT CBIpOI MaccHhl.

for this species in limits from 25 to 389; ?*Ra
- from 1.3 to 5.2; #2Th - from 1.6 to 5.6; 238U
from 1.5 to 6.1; 'Be from <MDA to 1.3 Bg/kg
of crude weight.

Crustacean Gammaridea

In studied species of crustaceans the
content of technogenic gamma-emitting
radionuclides is given in Table 3.7 and in
Annex B5. The measured specific activity of
137Cs in samples is below MDA, except for
one species - Gammarus sp., the concentration
of radionuclide is 1 Bg/kg. The sample was
taken in Tonya Bay, st. No. 8.

It is possible to assume that even with a
small number of samples on certain sites in
Kola Bay it is possible to find technogenic
radionuclides in benthic crustaceans at
insignificant concentration.

The specific activity of “°K in crustaceans
varies in limits from 40 to 151; ?*Ra — from
2.4105.9; 28Th - from 0.8 to 11.3; 28U - from
2.2't0 12.1; 'Be - from <MDA to 7.8 Bg/kg of
crude weight.

Tab6muma 3.6

VY nenapHast aKTHBHOCTH PaJHOHYKIHIOB B MoJTIockax M.edulis, Bk/Kr ceipoii Macchl.
Wronp-okTs10ps 2018 1.

Mecro otdopa nmpobsr | Cs-137 ](_:,; Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
ryba BenokaMmeHHast . 389+5 | 1.3+0. | 1.6+0. | 1.5%0.
(cr. No 6) <MIA | <MJIA | <MJIA | <MJIA 2 1 1 2
Mbic AGpan (cr. Ne 2) 0.2110. MJIA | <MJIIA 1.3710. 0.54710.0 25+4.2 1.8110. 2.7210. 2.0210.
ry6a Caiina <MJIA | <MJIA | <MJIA | <MJIA — 12211 2+0.4 2'2310' 1'0210'
IIPOJIUB
F A——— 0.40. MIIA 0.70. <MIA 115301 | 4o .0 | 5:2%0. | 5.650. | 6.130.

. 1 3 5 4 4 5
peiin (ota. 'pemuxa)

Table 3.6
Specific activity of radionuclides in M.edulis mollusks, Bg/kg of crude weight.
July-October, 2018
Place of sample Eu- Ra- Th-
selection Cs-137 | Cs-134 159 Be-7 Sr-90 K-40 226 3y | U238
Belokamennaya Bay 389+5 | 1.3+0. | 1.6+0. | 1.5+0.
(5t N 6) <MDA | <MDA | <MDA | <MDA — 5 1 1 5
Abram Cape 1.3+£0. | 0.54+0.0 1.8+0. | 2.7+0. | 2.0£0.
2401 | < < +4,

(st No2) 0.2+0.1 | <MDA | <MDA 7 7 25+4.2 1 5 )
Saida Bay <MDA | <MDA | <MDA | <MDA | — 12211 240.4 2'23“:0' 1'021“0'
Yokangsky Raid
Strait (Gremikha 04201 | <MDA | 970 | cmpa | D101 4gi4q | 5220, | 5620 1 6,10
Branch) 3 5 4 4 5

58




Tabmuma 3.7
VY nenbHasi aKTUBHOCTb PaJIMOHYKIIMIOB B Buaax Gammaridae, bk/kr ceipoii Macchl.
Wronb-okTs16ps 2018 T.

Mecro oTdopa npoOsI Cs-137 | Cs-134 | Eu-152 | Be-7 | Sr-90 | K-40 | Ra-226 | Th-232 U-238

ry6a Touns (ct. Ne 8) 1.0£0.5 | <MJA | 0.4+0.1 | 5.3x0.1 | — | 142+39 | 5.9+2 | 11.3£3.8 | 2.7+04

npouB MOKAHBICKUA |\ rra | N7TA | <MJIA | <MJIA | — | 151439 | 3.9422 | 67422 | 2.2+0.4

peiin (ora. 'pemuxa)

T'y6a Caiina <MJIA | <MJIA | <MJIA | <MJA | — [ 112426 | 2.4+1.4 | 0.840.4 | 12.1+2.9

Table 3.7
Specific activity of radionuclides in Gammaridae species, Bg/kg of crude weight.
July-October, 2018

Place of sample selection | Cs-137 | Cs-134 | Eu-152 Be-7 | Sr-90 | K-40 | Ra-226 | Th-232 U-238

Tonya Bay (st. Ne 8) 1.0£05 | <MDA | 0.440.1 | 5.3+0.1 | — | 142439 | 5942 | 11.3+3.8 | 2.7+0.4

Yokangsky Raid

Strait (Gremikha Branch) | < MDA | <MDA | <MDA | <MDA | — | 151439 | 3.9+2.2 | 6.7+2.2 | 2.2+0.4

Saida Bay <MDA | <MDA | <MDA | <MDA | — |[112426 | 2.4+1.4 | 0.8+04 | 12.1+2.9
Takum oOpa3owm, pe3yJbTaThI Thus research results allowed to reveal

WCCJICIOBAHMS TIO3BOJIMIIM BBISIBUTH  OOIIHIA
GOoH U JOKaJIbHBIE PA3IUYMS B 3aTPS3HEHHOCTH
TEXHOTCHHBIMU H30TOMAMH PACIPOCTPAHEHHBIX
U OTHOCUTEIIbHO PEIIKO pacCeleHHBIX BHUJOB
MOpCKOTo (hruTO- M 3000€HTOCA, KOTOPHIE MOTYT
CIyXXUTb  WHIUKATOPHBIMU  BUAAMH  IpU
MHOTOJICTHUX PATOIKOIOTHUECKUX
HaOmoneHusx. Hanboee penpe3eHTaTUBHBIMU
BUJAMU  WHAWKATOPaMH  CIIEAyeT CUYUTATh
Bozopociu-Makpoputel F. vesiculosus u A.
Nodosum.

CpaBHeHHE coaepk aHHs TEXHOTECHHBIX
PAIMOHYKIIHIOB 187Cs, 134Cs, 0Sr, Ey B
MOPCKHUX OpraHu3Max, cOOpaHHBIX B paiioHax
TpaH3uTa OTPabOTaBIIETO SACPHOTO TOILIUBA,
MOKa3aJ0 HHU3KYI0 CTENEHb 3arpsI3HEHHS.
Opnnaxo, Ha Tepputopun Konbckoro 3anusa B
THAPOOMOHTAX, cpeda OOWTaHHWS KOTOPBIX
CBsI3aHA C MOPCKUM JHOM, Yallle BCTPEUAIOTCS
M30TOIbI, XapaKTepHbIE IJs PpPaAHMOaKTUBHBIX
oTX07I0B. B Hacrosmee Bpems HauOomee
BBIPAXXEHO BIIMSHUE aTOMHON MH(PACTPYKTYPHI
HA MOPCKYI0 OHOTY TIPOCIIEKHUBACTCS Ha
ydacTke MbIc AGpam — mbic Mumykos. [lo
naHHbIM HaOmonenuit 2012-2014 rr. k TakoMy
K€ yYacTKy OTHOCHTCS aKBaTopusi TyObl
AHJpeea.

general background and local differences in
technogenic  isotopes  contamination  of
widespread and relatively rarely settled
species of marine phyto- and zoobenthos
which can serve as indicator species at long-
term radioecological observations. Algae-
macrophytes F. vesiculosus and A. Nodosum
should be considered the most representative
types of indicators.

Content comparison of technogenic
radionuclides of *'Cs, 13%Cs, %Sr, ?Eu
showed low pollution extent in the marine
organisms collected in transit areas of spent
nuclear fuel. However, isotopes characteristic
for radioactive wastes are met more often on
Kola Bay area in hydrobionts which habitat is
related to the seabed. At present the nuclear
infrastructure influence is most expressed on
marine biota traced on the site of Abram Cape
— Mishukov Cape. Andreeva Bay water area
belongs to the same site according to the
observations of 2012-2014.
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4. OcankoHakon/jieHne 1 XpOHOJIOTUsl
PaIMOAKTHBHOIO 3arPA3HEHUs JOHHBIX
OTJIO’KeHHUI1 B paiioHe 3Bakyaunu OAT

Boicokue  ypoBHM  paJiMOAKTHBHOIO
3arpsizHenust Konbckoro 1 MoToBCcKOTro 3aimBa
ObTi  BBIIBIEHBI B cepenune 1990-x rr. B
1995-1999 rogax B KombckoM u MoToBckoM
3a]lMBaxX IOBEPXHOCTHBIE JTOHHBIE OTIOXKEHUS
TIPAKTUYECKH MOBCEMECTHO cojepxkann ©Co
(0.5-1.0 Br/kr cyx. m.), ¥¥'Cs (1-24 Br/kr cyx.
M) u 2°20py (0.8-1.6 Br/kr cyx. m.). Ilpu
NpUOJIMDKEHUH K aTOMHBIM 0Oa3aM yjellbHas
AKTUBHOCTh YKa3aHHBIX pPATUOHYKIUIOB B
ocaJkax  3aMETHO  BoO3pacTaja,  TaKke
nosBIUIUCH m30Tombl 134Cs, 12°Sh u *Eu [16,
17, 18]. Hudopmamus o Oosee paHHHX
nepuofax  pPaguoOaKTHBHOTO  3arpsi3HEHUS
Konbsckoro u MoToBckoOro 3aimBa MoJydeHa C
MOMOUIbI0 PEKOHCTPYKIMNA C HCIOJIb30BAaHUEM
reOXpOHOJIOTHYeCKUX MeTo 0B [17, 19, 20].

B Hacrosimee Bpemsi NpOBOAWTCS
dBaKyalsi  HAKOIUIGHHBIX B  OEperoBBIX
xpa"wmmax u texanaeckux 6azax OAT (IIBX
«ryba AHapeeBay, «oTneneHue I'pemMuxa») Ha
OI'VIT «Atombaor» u apyrux PAO — B C3I]
«ryba  Caiimay. B CBSI3U c 3TUM
TFEOXPOHOJIOTUYECKOE HW3YUYEHHE 3arpsi3HEHUs
JIOHHBIX OTIIOKEHU N JIOTIOJTHSIET
NpEJCTaBICHUsI O  COBpEMEHHOM  (oHe
PaAMOAKTUBHOCTH YYaCTKOB TIEPErpy304HbIX
onepanuii u tpansuta OMT (puc. 1.1; 2.1).

Pannomerpuueckue U3MEpEHHUS
MOJIyYEHHBIX CJOEB OCAJKOB BBIMOJIHEH B
naboparopusx MMBU KHI[ PAH u MI'Y um.
M.B. JlomoHocoBa. B 1moHHBIX oOcamkax
TNpOAHANTM3UPOBAaHO cojepxkanue ~'Cs, ¥4Cs,
90gy 152 241Am 60Co 239240p 226R, 232Th
238U (cm. pasgen 2).

Pe3ynpTarel u3MepeHUN CcoaepKaHUs
HCKYCCTBEHHBIX u €CTECTBEHHBIX
PaAMOHYKIMIOB B CJOAX KOJIOHOK JOHHBIX
OTIIOKEHUH, oToOpaHHBIX B Kombckom w
MotoBckoM 3anuBax bapeHiieBa Mops BIO0Jb
nyTel  TPAHCIOPTUPOBKH  OTPaOOTABIIETO
AIEPHOrO TOIUIMBAa M3 TyObl AHJpeeBa Ha
TEPPUTOPHIO OI'VII «AToMOpIOT
npeacrasieHsl B [Ipunoxkenusx C 1-8.

4. Sedimentation and radioactive
contamination chronology of bottom
sediments in the area of SNF evacuation
Radioactive contamination high levels of
Kola and Motovsky Bays were revealed in the
mid-1990s. Superficial bottom sediments
almost everywhere contained *°Co (0.5-1.0
Ba/kg of dry weight), *¥'Cs (1-24 Bq/kg of dry
w.) and 2%240py (0.8-1.6 Bg/kg of dry w.) in
1995-1999 years in Kola and Motovsky Bays.
When approaching atomic bases the specific
activity of specified radionuclides in
precipitations considerably increased, also
isotopes of **Cs, '?°Sh and ™*Eu appeared
[16, 17, 18]. Information on earlier periods of
Kola and Motovsky Bays radioactive
contamination was obtained by reconstructions
using geochronological methods [17, 19, 20].

At present SNF evacuation is carried out
accumulated in onshore storages and technical
bases (TSP «Andreeva Bay», «Gremikha
Branch») on FSUE «Atomflot» and other RW
- in NWC «Saida Bay». In this connection
geochronological study of bottom sediments
contamination supplements representations
about the modern background of sites
radioactivity of reloading operations and
transit of SNF (Fig. 1.1; 2.1).

Radiometric measurements of received
deposits layers were carried out in the
laboratories of MMBI KSC RAS and Moscow
State University named after Lomonosov
M.V. Content of ¥'Cs, 3*Cs, %0Sr, %2Ey,
241Am, 60C0, 239'240Pu, 226Ra’ 232Th, 238 s
analysed in bottom deposits (see Section 2).

Content observed data of artificial and
natural radionuclides in columns layers of
bottom sediments selected in Kola and
Motovsky Bays of the Barents Sea along ways
of spent nuclear fuel transportation from
Andreeva Bay to the territory of FSUE
«Atomflot» are presented in Annexes C 1-8.

4.1  BeprukajJbHoOe pacnpenejgeHue

PAIUOHYK/IHAOB B JOHHBIX OTJIOKEHUSAX
I/ICCJIC,Z[OBaHHBIC JOHHBIC OTJIOXCHHUA

MMpCaACTaBJICHBI Pa3JIMIHbIMU niaMu1 C

4.1 Vertical distribution of radionuclides in
bottom sediments

Bottom sediments studied are represented
by various silts with impurity of fine-grained
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NPUMEChI0  TOHKO-3€PHUCTOTO  TIECKa U
OCTaTKaMU OEHTOCHBIX >KUBOTHBIX, HHOIJA
BCTPEYAIOTCS BKJIIOYEHUS MEJIKOrO0 TpaBuUf.
OTINYATENbHON 0COOEHHOCTBIO JOHHBIX
otiokenuii m3 HOxxHoro koiseHa Koabckoro
3QJIMBA SIBJISIETCS] TIPUCYTCTBHE YTOJIBHOM IBLITH

(puc. 4.1).

sand and the remains of benthic animals,
sometimes small gravels inclusions are met. A
distinctive feature of bottom sediments from
the Southern part of Kola Bay is the presence
of coal dust (Fig. 4.1).

Puc. 4.1. KepH 1OHHBIX OTJIOKEHUH,
B3ATHIX B KoJIbcKkOM 3auBe.
Bxirouenus r'paBHs B CII0AX
OCaIKOB. /

Fig. 4.1. Core of bottom sediments
taken in Kola Bay. Gravels
inclusions in sediments
layers.

AHanus pe3yJIbTaTOB M3MEpPEHUI
AKTUBHOCTH MCKYCCTBEHHBIX PaJMOHYKIIUIOB B
KOJIOHKaX JOHHBIX OTJIOKEHUH, OTOOpPAaHHBIX B
Koabsckom u MotoBckoMm 3amuBax B 2017 T.

TMOKa3aJ, 4YTO EIMHCTBEHHBIM  CTaGHIBHO
OMpCACIIAOIINUMCS BO BCEX CJI04X
pagmoHyKImaoM sBasercss 'Cs.  ITostomy

MMEHHO BEPTHKAIBbHBIA MPOQHIL COMEPIKAHUSA
13'Cs B KepHax JOHHOTO OCagKAa MOXKHO
cUuTaTthb peTpOCHeKTHBHBIM, XpOHOHOFI/IquKH
TIOATBEPKICHHBIM TIOKa3aTelleM BO3JCHCTBHS

3arpsi3HEHUS, XapaKTEePU3YIOIIUM ero
OPOJODKUTEIBHOCT M MEPUOJUYHOCTb.
CopepxaHue Jpyrux ramma-u3JIydaromux

paguonykmunos 2*Am, ®°Co, **Cs u ?Eu Bo
BCEX CJOSAX ObUIO HIDKE MUHUMAJIbHO
JIETEKTUPYEMON AKTUBHOCTH. [[1s cpaBHEHMs

Measurements results analysis of artificial
radionuclides activity in bottom sediments
columns selected in Kola and Motovsky Bays
in 2017 showed that 3'Cs is the only
radionuclide steadily defined in all layers.
Therefore, just the vertical profile of ¥'Cs
content in bottom deposit cores can be
considered a retrospective, chronologically
confirmed indicator of contamination
influence characterizing its duration and
periodicity. Content of other gamma radiating
radionuclides of *!Am, ®°Co, 13%Cs and ?Eu
was below minimum detected activity in all
layers. For comparison it can be noted that in
the column from the Middle part of Kola Bay
studied in the late 1990s, ®°Co isotope was
steadily detected in all deposit layers at depths
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MOKHO OTMETHTb, YTO B KOJIOHKE u3 CpemHero
koneHa Kombckoro 3ammBa, McCCIIEJOBAaHHOM B
konne 1990-x rr., uzoron *°Co ycroituuso
JNETEeKTUPOBAJCS BO BCEX CIOSAX Ocajka Ha
rnyounax ot 2 mo 10 cm [17]. VnenbHas
aKTUBHOCTh °SI B W3MepeHHBIX B 2017 T.
npobax oOuyeHb Malla U TNpUOMIDKaeTcs K
npejenaM 4YyBCTBUTEIBHOCTH MPUMEHSIEMbBIX
AHATUTUYECKUX MeTOoJoB. KomndecTBeHHbBIE
U3MEpPEHUs COJEp)KaHUS HM30TOIOB IUTYTOHUS,
238py » 29240py, ynanock BEITIONHUTH TOJNBKO
JUISL OT/IETIBHBIX CIIOEB.

Pacnpenenenue TEXHOTE€HHBIX
pagnonykimnos 2'Cs u %Sr B cmosx m0oHHOTO
ocagka MortoBckoro u Kombckoro 3anmBa
bapennieBa Mmopst mokazaHo Ha puc. 4.2.

from 2 to 10 cm [17]. %°Sr specific activity is
very small in samples measured in 2017 and
approaches sensitivity limits of applied
analytical methods. Quantitative
measurements of plutonium isotopes contents,
238py and 2*°240py, were succeeded to execute
only for individual layers.

The  distribution  of  technogenic
radionuclides of ¥’Cs and °°Sr in bottom
deposit layers of Motovsky and Kola Bays of
the Barents Sea is shown on Fig. 4.2.
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Crannmsa 11

VienbHas aKTHBHOCTh, BK/Kr

Crannma 22

VienbHadA aKTHBHOCTh, BK/Kr
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Station 11
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Puc. 4.2. BepruxansHoe pacripenenenne =/ Cs u *°Sr B KooOHKax JOHHBIX oTI0XkeHHit, 2017 1. /
Fig. 4.2. Vertical distribution of *¥’Cs and *°Sr in bottom sediments columns, 2017

MOKHO OTMETHTB, YTO °SI B CIIOSX
JIOHHBIX OTJIOKCHUHT pacrpeneneH
PaBHOMEPHO. Copnepxanue 9TOro
paIMOHYKJIHIA B YEThIPEX KOJIOHKAX, IS
KOTOPBIX BBITIOJTHEHBI MPEIU3UOHHEIC
U3MEPEHUs, BapbUPYET B Y3KOM HWHTEpBaie
0.1-2.7 Bx/kr u B cpennem cocrasiser 1.1+0,8
Br/kr. Pacnipenenenune “°'CS B BepTHKaIbHOM
npodune OTJINYAETCS OombIen
HEPaBHOMEPHOCTHIO. Ocob6eHHo 3TO
XapakTepHo ans ctaHumi 2, 3, 9 u 11, roe
npoduIn KOHIICHTpAIui UMEIOT
OCHWJUTHPYIOIIHMIA XapakTep, Ipu 3TOM pazdpoc
HaOJIIOIaeMbIX 3HAYEHWH, Kak TMpaBHIIO, HE
BEJIMK M HE BBIXOAWT 3a MPEAENbl JHara3oHa
0.1-8.2 Bbx/kr. Ilpu TakoM y3KOM HHTEpBaJe
3HAUEHUN HE yHaeTcs BBIACIUTh OOIINX
3aKOHOMEPHOCTEH B IIOJIOKEHUH JIOKaJIbHBIX
MUHHUMYMOB M MaKCHUMyMOB KOHIICHTpAIlUMi U
M3MEHEHHH cojepkanus >'CS ¢ TiayOuHOIA.
KonoHka QOHHBIX OTIOKEHHM CO CTAaHIUU 2
OTJIMYAETCS OT JIPYTHX KOJOHOK. 371eCh B CIIOE
11-12 cM  3aperucTtpupoBaH  MaKCUMyM
YACIBHOW aKTUBHOCTH 137Cs — 26.9 Bx/kr, B 8
pa3 BBIIIE CPEHETO COJIEPIKAHUS B CIOSIX.

HaOnromaembie pasznuuusi B JHHAMUKE
nocrymneHus M HakomneHus 'Cs um %Sy
00yCJIOBJICHBI HE TOJBKO OJMHCCUEH, HO U
TCOXUMHYECKUMH  CBOWCTBAMU  HM30TOIIOB.
Pacnipoctpanenne °Sr B Mopckoil cpene B
OonplIe CcTeneHW ompeaessercs o00beMoM
XKHJIKOTO CTOKAa W BBICOKOH TOJBI)KHOCTHIO B
BOJHBIX  PAacTBOpax, 4TO BEJICT K

It can be noted that %°Sr is distributed
evenly in bottom sediments layers. This
radionuclide content in four columns for
which precision measurements are executed
varies 0.1-2.7 Bg/kg in a narrow interval and
averages 1.1+0.8 Bg/kg. ¥'Cs distribution in
the vertical profile differs in bigger
unevenness. Especially it is characteristic for
stations 2, 3, 9 and 11 where concentrations
profiles have oscillating character, at the same
time the dispersion of observed values is, as a
rule, not big and does not exceed range limit
of 0.1-8.2 Bg/kg. With such a narrow range of
values it is not possible to identify common
patterns in the position of local minimums
and maximums of concentrations and change
of B¥'Cs content with depth. Column of
bottom sediments from station 2 differs from
other columns. The maximum of 'Cs
specific activity — 26.9 Bqg/kg is registered
here in 11-12 cm layer, 8 times higher
average content in layers.

The observed differences in the dynamics
of the arrival and accumulation of *¥’Cs and
%Sy are caused not only by emission but also
by the geochemical properties of isotopes.
%Sy spread in the marine environment is more
determined by the volume of liquid drain and
the high mobility in aqueous solutions which
leads to concentrations levelling both in
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BEIPABHMBAHMIO KOHIIGHTPAIMii Kak B CIOAX
0cazKoB 10 MpoduiIIo, Tak U 10 miomanyu. Ha
pacripenenenne 'Cs B Gonblueil creneHn
BIMSET CTOK B3BEIICHHBIX BEIIECTB, OCEIAHHE
W TepepacrpeaeneHue KOTOPBIX OMpenenseT
HEPAaBHOMEPHOCTh €r0 HAKOIUICHHS JOHHBIMH
otioxenusmu [20, 21]

precipitations layers by profile and area. *’Cs
distribution is influenced more by a drain of
suspended substances which subsidence and
redistribution determines unevenness of its
accumulation by bottom sediments [20, 21]
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Fig. 4.3. Vertical distribution of 2°8Pu and 23%24Py in bottom sediments columns, 2017

UccnenoBanus BEPTUKAIBHOTO
pacmpeneneHus IUTYTOHHSI B KOJIOHKax Ha
crannusx 2, 3, 7, u 11 moka3anu, 94T0 1o BCeH
IyOMHE OCaJAKU COJEpKaT MHUHUMAIbHbBIE
KOIIMYecTBa M30TOmoB 225Pu m 23%2%Py (pmc.
4.3, Mpunoxenust C2, C3, C5, C7). 3naunmbie
KOHIEHTPALlUU U3MEPEHBI JIUIIb B HECKOJIbKUX
cinosix Ha craHuusax 3, 7 um 11. Cpennsas

A research of plutonium vertical
distribution in columns at stations 2, 3, 7, and
11 showed that deposits contained minimum
amounts of 23®Pu and 2*°240py isotopes on all
depth (Fig. 4.3, Annexes C2, C3, C5, C7).
Significant concentrations are measured only
in a few layers at stations 3, 7 and 11. The
average specific activity of 2®Pu and 23%24%py
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yIeNnbHAsT AaKTUBHOCTh 238py y 239240py B 3TEX
koynoHkax cocraBmia 0.69+0,75 m 1.16+1,16
Bx/kr  cyxoii = Maccel,  COOTBETCTBEHHO.
MaxkcuMmanbHasi TIyOMHa  paclpoCTpaHEHUS
M30TONOB IUIyTOHUSA B KepHax — 9-10 cm
([Mpunoxenue C7). HauGomnpimm
comepxkanuem 23Pu (2.32 Bx/xr) u 2°240py
(3.21 Bk/Kr) xapakTepu3yIOTCS OCAIKH B CIIOC
2-3 cm Ha crammuu 3 BOmm3um  PTII
«Atomdnor». [Tomyuennsie B 2017 r. maHHbIe
XOpOIIIO  COTJAacyloTCs C  pe3ysibTaraMu,
MOJTYyYeHHBIMU B ucciegoBaHusx 1990-x rr.
[18]. U3oTomHOe cooTHOmEeHue 238Pu/?3%240Py B
3TUX chosix B cpeaHeM coctaBuio 0.60. Oto
CYIIECTBEHHO BBIIIE, YeM B TJ00aTbHBIX
atMocdepHbix BoimageHusix — 0.019 u B
cOpocax  paMOXMMHYECKOTO  3aBojia B
Cemnapwine (BenmukoOpurtanus) — 0.26 [22,
23]. MOXHO MPEANONOKHUTh, YTO IMOSIBICHUE
M30TOIOB TUTYTOHUS CBSI3aHO C ACSITEILHOCTHIO
PTIT «ATomdaory.

in these columns was 0,69+0,75 and
1.16+1.16 Bg/kg of dry weight, respectively.
The maximum depth of plutonium isotopes
distribution in cores - 9-10 cm (Annex C7).
The largest content of 228Pu (2.32 Bg/kg) and
239.240py (3.21 Bo/kg) characterizes deposits in
2-3 cm layer at station 3 near distribution
transformer substation (DTS) "Atomflot™. The
data obtained in 2017 are well coordinated
with the results obtained in the research of the
1990s [18]. 238Pu/z*24py isotopic ratio in
these layers averaged 0,60. This is
significantly higher than in the global
atmospheric losses — 0.019 and in the
discharges of the radiochemical plant in
Sellafield (UK) — 0.26 [22, 23]. It can be
assumed that the appearance of plutonium
isotopes is related to DTS "Atomflot"” activity.
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Fig. 4. 4. Vertical distribution of natural radionuclides in bottom sediments columns, 2017

Beprukanbsubie npodum
pacrpeneeHus PaTuOHYKIIHIOB
ecTecTBeHHOro mpoucxoxaeHus (*°Ra, 22Th,
28y wm 2Pb) B JOHHBIX OTJIOXKEHHSX
Konbckoro u Motosckoro 3anuBoB bapeniiesa
Mopsi TpuBeneHsl Ha puc. 4.4. YpoBHH
€CTECTBEHHBIX PAJIUOHYKIUIOB 22%Ra %%°Th u
238 Ha BepTHKAIBHBIX MPODMIAX B PA3HBIX
palioHax MOpPCKOTO TpPHOPEKbS HE HMEIOT
3HAYUMBIX OTIWYMi. YenbHas aKTUBHOCTH
226Ra BapeupyeT B auanasone ot 7.0 1o 51.6
Br/kr cyxoit maccer, 2%2Th - ot 6.7 mo 66.7
br/kr; 28U or 2.0 mo 394 Bx/kr.
BelpakeHHBIX  TEHIEHIMKA B  U3MEHEHHH

CoJlep)KaHusl pPaJAMOHYKJIMJIOB C TIIyOMHOW He

Vertical  profiles of  radionuclides
distribution of natural origin (*°Ra, 2*?Th,
238 and 2'°Pb) in bottom sediments of Kola
and Motovsky Bays of the Barents Sea are
given on Fig. 4.4. Natural radionuclides levels
of 2°Ra 22Th and 23U on vertical profiles in
different areas of the marine foreshore have
no significant differences. 2%Ra specific
activity ranges from 7.0 to 51.6 Bg/kg of dry
weight; 22Th - from 6.7 to 66.7 Bq/kg; ®U -
from 2.0 to 39.4 Bg/kg. The expressed trends
in the change of radionuclides content with
depth are not found. The specific activity of
one more natural radionuclide “°K in bottom
sediments of the explored foreshore areas
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oOHapy»XuBaeTcs. YenbHas aKTUBHOCTH CIIe
OJTHOTO ECTECTBEHHOro paamonykmmma “°K B
JIOHHBIX OTJIOXEHUSIX MCCIEAOBAHHBIX pallOHOB
npuOpeXbsl BappUpPyeT B HIMPOKHX Mperenax
or 177 no 1250 Bx/kr (B cpemnHem 766+212
bk/kr) 0e3 3aKOHOMEpPHBIX W3MEHEHHH IO
BepTuKanbHOMY — npoduno  (IIpunmoskenus
C2-8). B pacnpenencanu  2Pb Bo Beex
HCCJICTIOBAHHBIX KOJIOHKAX IPOCIIEKUBACTCS
yCTOMYMBAs TEHICHIMA CHWXEHUS YIEIbHOU
AKTUBHOCTH PAJAMOHYKJIHJIA C TIyOWHOH. DTO
SIBIISICTCSI PU3HAKOM CTAOMIIBHOCTH TPOIIECCOB
OCAJKOHAKOIUICHUS W JaeT BO3MOXXHOCTh
IIPOBECTH JIATUPOBKY CJIOEB IOHHOTO OCaJKa, a
TakKe KOJHMYECTBEHHO OIICHUTh CKOPOCTh
COBPEMEHHOT'0 OCaIKOHAKOTUICHHUSI.

varies over a wide range from 177 to 1250
Bg/kg (on average 766+212 Bqg/kg) without
natural changes on a vertical profile (Annex
C2-8). A steady tendency of radionuclide
specific activity decrease with depth is traced
in 29Pb distribution in all studied columns.
This is a sign of sedimentation processes
stability and allows dating of bottom deposit
layers and also estimating quantitatively
modern sedimentation rate.

4.2. JlaTHPOBAaHHE COBPEMEHHBIX JOHHBIX
ocaakoB nmo 2%Pp

Onpenenedre  CpeAHEH  CKOPOCTH
OCaJIKOHAKOIUIEHHsT B  M3y4aeMOM paioHe
IIPOBOJUIIOCH METOJ0M JATUPOBAHMS
COBPEMEHHBIX  JIOHHBIX  OTJIOXKEHUH IO
HepasHoBecHomy 2%Pb [11].

Merox  JaTMpOBaHHMS  COBPEMEHHBIX
NOHHBIX oOTHoXkeHuit mo 2°Pb ocmoBam Ha
HapyIIEHUH PABHOBECUS B DALY IIPOAYKTOB
pacmana 238y, Caumen-210 mmeer KOPOTKUH
nepuoj mnojypacnaga — 22,3 roaa, MO3TOMY
I03BOJIAET UCCIEN0BATh IPOLECCHl B MPEIeIax
nociennero cronerus. Ceunen-210 obpasyercs
npu pacmage 22?RN — jouepHEro NpoLyKTa
pacmaga 2?°Ra. YacTe pamoHa TOCTymaeT B
arMoc(epy U3 TOPHBIX HOPOJ, COAEPIKALIUX
ypaH u panumii. ITpu pacmane 2*’Rn B atmocdepe
obpasyercs notok 2°Pb ma mopcTHIaONIyIO
IIOBEPXHOCTD ¢ aTMOC(EPHBIMH OCAIKAMH. JTOT
IIOTOK MOXHO CYMTAaTh IIOCTOSHHBIM  JUIS
JaHHOTO MeCTa B HEKOTOPOM BPEMEHHOM
unteppaite. B Bomoemax 2°Pb cpsspiBaeTca c
B3BEIIECHHLIM BELIECTBOM U OCEIAET Ha AHO. B
npoduie HEHAPYIIEHHBIX JOHHBIX OCaIKOB
akTuBHOCTH 2°Pb moOCTemeHHO yOBIBAaeT IO
3aKOHY paJMOAKTHBHOTO pachana, II0Ka He
JOXOMUT 1O 3HAYEHHMs, paBHOBecHOro ¢ 22°Ra,
pacmajawomeMcs B JIOHHOM  ocajgke. Bo
BHYTPEHHUX  CJIOAX Ocagka HaOJIIomaercs
SKCIIOHCHIIUAILHOE YMEHBIIEHHE AKTHBHOCTH
20Pb ¢ rIyOMHON, 1O KOTOPOMY MOJKHO
OIPENEIUTh CKOPOCTh OCAAKOHAKOILICHHS M

BO3PACT CJIOCB OCaaKa.

4.2. Dating of modern bottom deposits of
210pb

The 2%Pbh method of sediment age-
dating was used to determine the average
sedimentation rate [11].

The 2°Ph age-dating method is based on
a disequilibrium among the decay products of
238y, Lead-210 has a short half-life - 22.3
years, which is used to explore processes and
events within the last century. Lead-210 is
formed by the decay of 2?2Rn which is a
daughter decay product of ?°Ra. Some radon
enters the atmosphere from rocks containing
uranium and radium. During the decay of
222Rn, #1%Pp is formed. Lead-210 sorbs onto
particles that deposit on the seafloor sediment
surface. The flux of 2%Ph to the sediment
surface can be considered constant for a given
area and time interval. 2°Pb activity in
undisturbed sediments gradually decreases by
radioactive decay until it reaches equilibrium
with the activity of 2°Ra in bottom sediments.
In undisturbed sediment cores, an exponential
decrease of 2'°Pb activity with sediment depth
is observed. This makes it possible to
determine the sedimentation rate and the age
of the sediment layer.
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OcHoBHBIE IIPEIOJIOKEHMS, Ha
KOTOPBIX Oasupyertcs HCITOJTH30BaHHAS
METOJIMKA JATHPOBAHUS OCATOYHBIX CIIOCB:

- TTotok n36bITouHOro 21°Pb B TOHHBIE OCANKH
MOCTOSTHEH;

- CKOpOCTh HAaKOTUICHHS 0CAJIKOB IOCTOSTHHA BO
BPEMCHH,

- [TocTcequMeHTallMOHHAS MUTPAITUS B OCAJKH
OTCYTCTBYET;

- AktBHOCTB 2°Pb, 06yclIOBIEHHAs pacagoM
226Ra B ocajKax HE MEHSIETCSI C TITyOWHOM.

MarepuanoM ucCiaeI0BaHUS MOCTYKUIN
KOJIOHKM HEHapYIICHHBIX JTOHHBIX OTJIOXCHHM,
paznenennbie Ha ToHKME cion (0—0.5 cMm wam
0-1 cm), npocrarounele s oOecreueHUs
MIPUEMIIEMOTO BPEMEHHOTO paspenieHus
WHTEPBAJIOB TaTUPOBAHUSI.

IIpn  BbIIONHEHUH
MIPEATIONOKCHUI MeTo/1a JTATUPOBAHUS
aKTHBHOCTh m30bIToyHOTO 2°Pb B  OCamke
BO3pacToM 1 onpenensieTcsi COOTHOIICHHEM:

'A\)< — Abe—/lx/v

riae Ax — aKTHBHOCTH n30brrounoro 21°Pb B ciioe
Ha TUIyOMHE X CM HHWXXE TOBEPXHOCTH paszjena
0CaJ0K—BOJaA,
Ao AKTHBHOCTh H30BLITOYHOIO
MOBEPXHOCTHOM CIIO€ OCAJIKa,
A — mocTosiHHAs pacrazna >°Pb (0.031 rox -1),
V — CKOPOCTh OCaKOHAKOIUICHUS (CM/TO).

Jns  monydeHWss CpeaHEed CKOPOCTH
CEIMMEHTAIMU OBLTIO TPOBEJCHO OIpEeICHHE

BCEX  OCHOBHBIX

210Pb B

210Pp 1o mMHE MCcTeTyeMOit KOOHKH.

The main assumptions on which the used
method of sedimentary layers dating is based:

- The flow of excess !°%Pb into the bottom
deposits is constant;

- Deposits accumulation rate is constant in
time;

- There is no post-sedimentation migration to
deposits;

- 210pp activity caused by 2%°Ra decay in
deposits does not change with depth.

We used columns of undisturbed bottom
sediments, sectioned into thin layers (0-0.5
cm and 0-1 cm) to ensure an acceptable time
resolution for the dated sediment intervals.

When the key assumptions of the age-dating
method are met, we determined the activity of
excess 2%Pb in the sediment of age t by the
simple relation:

AK — Abe—/lx/v ,

where Ax — is the activity of excess 21°Pb at a
layer x cm below the surface sediment-water
interface,

Ao — is the activity of excess ?°Pb in the
surface sediment layer,

)\ — the decay constant of 2°Pb (0.031 year)
v — sedimentation rate (cm/yr).

To determine an average sedimentation rate
we conducted 21°Pb dating analysis along the
length of the sediment column.

4.3. CKopocTh 0CAIKOHAKONIEHHUS U
XPOHOJIOTHS 3arpsA3HEeHUsI

PesynbTarht JaTHPOBAHUS
COBPEMEHHBIX JOHHBIX OTJI0XeHUH Kosbckoro
1 MOTOBCKOTO 3aJMBOB 1O HEPABHOBECHOMY
210ph npuBenensl Ha puc. 4.5, B Tabnmmax
4.1-4.8 u Ilpunoxenun D. HccnepoBanHbie
KOJIOHKH OCaJIKOB OXBAaTHIBAIOT UCTOPHYCCKHIA
nepuog or 30 mo 100 ner, uro xopoio
YVKJIQJbIBACTCSI BO  BPEMEHHBIC  IPEICIBI
MPUMEHUMOCTHU BBIOPaHHOTO METO/1a
JTATHPOBAHUSI.

OTIUYUTEIbHOM 0COOEHHOCTBIO
HCCIICTyeMbIX KOJIOHOK SIBJISICTCS OTCYTCTBHE
BBIDQXXCHHBIX ~ MaKCUMyMOB  COJEP KaHHUS
KaKUX-THOO0 aHTPOMOTeHHBIX PaJIUOHYKIIHIOB,
0 KOTOPHIM MOXXHO OBUIO OBl IPOBECTH
YTOYHCHHE PE3YJIbTATOB JIATHPOBOK.

4.3. Sedimentation rate and pollution
chronology

Modern bottom sediments dating results of
Kola and Motovsky Bays on nonequilibrium
210pp are given on Fig. 4.5, in Table 4.1-4.8
and Annex D. Studied deposits columns cover
a historical period from 30 to 100 years which
fits well within the time limits of selected
dating method applicability.

The distinctive feature of the studied
columns is the absence of the expressed
contents maxima of any anthropogenic
radionuclides on which specification of datings
results could be carried out.

70




Tabmuma 4.1
CTaHHI/IH 1 Pe3yﬂBTaTBI I[aTI/IPOBaHI/IH CJIOEB JOHHOI'O 0CcaKa B KOJIOHKAax I10 CO,Z[ep)KaHI/IIO
pamon3zoronos *1°Pb, ??°Ra u *'Cs. Konbckwuii 3ammB, okTs16ps 2017 1.

Citoii. o VY nenpHas akTUBHOCTH, BK/KT CyX0il Macchl Jlara, rox
) 210pp 226R, 1¥7Cg )
0-1 59.1+2.8 14.4+1.7 7.7£1.7 2017
1-2 38.9+2.8 11.4+1.8 6.5+1.5 2014
2-3 45.845.5 12.8+2.5 5.6+2.0 2011
34 38.9+1.9 154415 8.8+1.9 2008
4-5 40.6+3.3 17.0£2.5 9.0+2.1 2004
5-6 43.3+2.1 16.1+1.6 9.4+2.0 2001
6—7 37.7+4.4 14.6+£2.5 8.1+2.2 1998
7-8 35.2+2.4 11.0+£1.6 9.2+2.1 1995

8-9.5 28.8+1.7 14.6+8.5 7.9+41.7 1991
9.5-11 27.8+1.3 14.0£1.0 8.3+1.7 1986
Table 4.1

Station 1. Dating results of bottom deposit layers in columns by radioisotopes content of 2'°Pb,

226Ra and ¥Cs. Kola Bay, October 2017

Layer, cm mﬁgecmc act|V|ty2,2(I?Fg;kg of dry wegglg?tCS Date, year
0-1 59.1+2.8 14.4+1.7 7.7£1.7 2017
1-2 38.9+2.8 11.4+1.8 6.5+1.5 2014
2-3 45.845.5 12.8+2.5 5.6+2.0 2011
34 38.9+£1.9 15.4+1.5 8.8+£1.9 2008
4-5 40.6£3.3 17.0+2.5 9.0£2.1 2004
5-6 43.3£2.1 16.1+£1.6 9.4+2.0 2001
6-7 37.7+4.4 14.6%£2.5 8.1+2.2 1998
7-8 35.2+2.4 11.0+1.6 9.2+2.1 1995

8-9.5 28.8£1.7 14.6+8.5 7.9+1.7 1991
9.5-11 27.8+1.3 14.0+1.0 8.3+1.7 1986
Taonuua 4.2

CTaHHI/IH 2 Pe3yHBTaTBI I[aTI/IPOBaHI/IH CJIOEB JOHHOI'O ocagkKa B KOJIOHKAax I10 CO,Z[ep)KaHI/IIO
pagmomn3zotonos *1°Pb, ??°Ra u *'Cs, Konbckwuii 3ammB, okTs16ps 2017 1.

Ctoii. en Y aenbHas akTUBHOCTH, BK/KT CyX0il MacChl Jlara, rox
) 210pp, 226R4 1¥7Cs )
0-1 644.0+14.0 27.3x1.8 2.0+0.8 2017
1-2 515.0+£12.0 25.4+2.3 2.6+0.7 2011
2-3 405.0+8.8 51.6+1.2 2.0+0.4 2004
34 429.0+10.0 25.5+1.5 3.8£0.5 1998
4-5 314.0+6.1 21.6x1.0 5.9+04 1992
5-6 340.0+2.6 26.1+0.9 5.440.1 1985
6—7 253.0+9.9 24.8+0.9 6.3+0.6 1979
7-8 222.0+£9.3 21.8+1.4 5.0+0.7 1973
8-9 188.0+8.5 17.1+1.1 2.1+0.3 1967
9-10 123.0+5.4 16.5+2.3 1.2+0.1 1960
10-11 98.2+6.5 14.8+1.9 1.0+0.1 1954
11-12 81.4+8.9 21.7£1.6 26.9+2.4 1948
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Table 4.2

Station 2. Dating results of bottom deposit layers in columns by radioisotopes content of 21°Pb,

226Ra and ¥Cs, Kola Bay, October 2017

Layer, cm 2lof)[l))eclflc act|V|ty22I§Rq;kg of dry welggar\?tC . Date, year
0-1 644.0+14.0 27.3x1.8 2.0+0.8 2017
1-2 515.0+£12.0 25.4+2.3 2.6+0.7 2011
2-3 405.0+8.8 51.6+1.2 2.0+0.4 2004
34 429.0+10.0 25.5x1.5 3.8£0.5 1998
4-5 314.0+6.1 21.6x1.0 5.9+04 1992
5-6 340.0£2.6 26.1+0.9 5.4+0.1 1985
6-7 253.04£9.9 24.8+0.9 6.3+0.6 1979
7-8 222.0+£9.3 21.8+1.4 5.0+0.7 1973
8-9 188.0+£8.5 17.1+1.1 2.1+0.3 1967
9-10 123.0+5.4 16.5+2.3 1.2+0.1 1960
10-11 98.2+6.5 14.841.9 1.0£0.1 1954
11-12 81.4+8.9 21.7£1.6 26.9+2.4 1948

Tabmmma 4.3
Crannus 3. Pe3ynbTarhl 1aTUPOBAaHUS CJIOEB JTOHHOTO 0CaJIKa B KOJIOHKAX IO COJIEPKAHUIO

PaaON30TOIOB 210pp 226R3 1 ¥7Cs, Konbckuii 3a51mB, okTsI0pb 2017 1.

Citoii. o VY nenpHas akTHBHOCTH, BK/KT' CyX0il Macchl Jlara, rox

) 210pp 226R, 1¥7Cg )
0-1 106.0+6.0 13.7+£0.9 0.9+0.3 2018
1-2 128.0+14.0 18.6+1.9 1.2+0.4 2011
2-3 110.0+8.0 16.9+1.1 5.7+0.7 2004
3-4 68.5+2.9 13.7£1.1 3.0£0.4 1997
4-5 74.1+5.3 13.2+0.9 7.0£0.5 1989
5-6 65.5+4.9 12.3+1.0 2.6+0.4 1982
6—7 29.8+4.2 7.0+0.8 0.4+0.2 1975
Table 4.3

Station 3. Dating results of bottom deposit layers in columns by radioisotopes content of 2'°Pb,

226Ra and *¥'Cs, Kola Bay, October 2017

Layer, cm 21Oirl))emflc act|V|ty22ERq;kg of dry Welgjaflt(: - Date, year
0-1 106.0+6.0 13.7+0.9 0.940.3 2018
1-2 128.0+14.0 18.6+1.9 1.2+0.4 2011
2-3 110.0+8.0 16.9+1.1 5.7+0.7 2004
3-4 68.5+2.9 13.741.1 3.0£0.4 1997
4-5 74.1+£5.3 13.2+0.9 7.0£0.5 1989
5-6 65.5+4.9 12.3£1.0 2.6:£0.4 1982
6-7 29.8+4.2 7.0£0.8 0.4+0.2 1975
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Tabmnuua 4.4
CTaHHI/IH 5 Pe3yHBTaTBI I[aTI/IpOBaHI/IH CJIOEB JOHHOI'O 0CcaKa B KOJIOHKAax I10 CO,Z[ep)KaHI/IIO
pagmonzotonos *1°Pb, ??°Ra u ¥'Cs, Konbckwuit 3amuB, okTs6ps 2017 T.

Citoii. o VY nenpHas akTUBHOCTH, BK/KT CyX0il Macchl Jlara, rox
) 210pp 226R, 1¥7Cg )
0-1.5 132.0+16.1 18.1+1.6 5.1+1.0 2017
1.5-3 57.2+7.1 12.9+0.9 4.4+0.6 2009
3-5 44.9+7.0 13.1+1.1 4.4+0.8 2000
5-7 30.2+4.3 12.7+£0.9 5.1+0.6 1990
7-9 39.3x7.0 15.7+£1.1 6.7£1.7 1979
9-11 32.8+4.6 12.1+0.9 6.6+7.4 1969
11-13 22.6+4.2 10.8+0.8 4.6+£0.9 1959
Table 4.4

Station 5. Dating results of bottom deposit layers in columns by radioisotopes content of 2'°Pb,

226Ra and ¥'Cs, Kola Bay, October 2017

Specific activity, Bg/kg of dry weight

Layer, cm 2I0pp, 226R, 137 Date, year
0-1.5 132.0+16.1 18.1+1.6 5.1+1.0 2017
1.5-3 57.2+7.1 12.9+0.9 4.4+0.6 2009
3-5 44.9+7.0 13.1+1.1 4.4+0.8 2000
5-7 30.2+4.3 12.7+£0.9 5.1+0.6 1990
7-9 39.3x7.0 15.7+£1.1 6.7£1.7 1979
9-11 32.8+4.6 12.1+0.9 6.6+7.4 1969
11-13 22.6+4.2 10.8+0.8 4.6+£0.9 1959

Tabmuma 4.5
Cranuus 7. Pe3ynbTarhl 1aTUPOBAHUS CJIOEB IOHHOTO OCa/IKa B KOJIOHKAX IO COAECPKAHUIO

pagmomnzotonos *1°Pb, ??°Ra u ¥'Cs, Konbckwuit 3amuB, okts16ps 2017 T.

Citoii. oM YaenbHas akTUBHOCTH, BK/KT CyX0il MacChl Jlara, rox

s 210Pb 226Ra 137CS )
0-1 221.0+7.5 13.5+1.1 2.4+0.4 2017
1-2 86.7+5.1 8.9+1.2 1.6+0.4 2002
2-3 73.2+4.3 9.6+2.1 1.2+0.2 1986
3-4 62.1+£5.6 10.4+1.6 1.1+0.1 1971
4-5 30.4+£3.5 11.3+0.7 0.6+0.1 1956
5-6 27.2+2.4 14.8+3.1 0.9+0.2 1941
6—7 29.6+6.2 16.7+£0.9 1.1+0.1 1925
Table 4.5

Station 7. Dating results of bottom deposit layers in columns by radioisotopes content of 2'°Pb,

226Ra and ¥'Cs, Kola Bay, October 2017

Layer, cm 21Oi%e(:lflc act|V|tyézEngkg of dry welggtc - Date, year
0-1 221.0£7.5 13.5+1.1 2.4+0.4 2017
1-2 86.7£5.1 8.9+1.2 1.6+0.4 2002
2-3 73.2+4.3 9.6+2.1 1.240.2 1986
34 62.1+£5.6 10.4+1.6 1.1+0.1 1971
4-5 30.4+3.5 11.3+0.7 0.6+0.1 1956
5-6 27.242.4 14.8+3.1 0.9+0.2 1941
6-7 29.616.2 16.7+£0.9 1.1+0.1 1925
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Tabauua 4.6

Crannus 9. Pe3ybTaThl TaTUPOBAHUS CIIOEB JJOHHOTO OCaJiKa B KOJIOHKAX IO COACPKAHHIO
PaAON30TOIOB 210pp 226R3 1 ¥7Cs, Konbckuii 3a51mB, oKTsI0pb 2017 1.

Citoii. oM Y aenbHas akTUBHOCTH, BK/KT CyX0il MacChl Jlara, rox
5 210Pb 226Ra 137CS )
0-2 213.3+22.8 18.1+1.1 7.2+0.9 2017
2-3 210.8+25.3 19.9+1.7 8.2+2.6 2009
34 61.8+7.0 7.8+0.8 2.1+0.4 2000
4-55 113+13.4 14,9+1.3 5.0+0.7 1992
5.5-7 77.7£7.0 21.5+2.4 2.7+0.3 1983
7-8 43.3+1.9 22.2+3.4 1.7+0.2 1975
8-9 61.8+2.1 19.4+3.1 1.8+0.2 1966
9-10 31.2+6.5 22.1+1.9 1.6+0.4 1958
10-11 48.2+7.3 14.6+1.6 2.0+0.3 1949
11-12.5 43.319.0 17.2+1.8 2.3+0.8 1941
Table 4.6

Station 9. Dating results of bottom deposit layers in columns by radioisotopes content of 2'°Pb,

226Ra and *¥'Cs, Kola Bay, October 2017

Layer, cm 21Oi%e(:lflc act|V|tyézEngkg of dry welggtc - Date, year
0-2 213.3+22.8 18.1+1.1 7.2+0.9 2017
2-3 210.8+£25.3 19.9+1.7 8.2+2.6 2009
34 61.8£7.0 7.8+0.8 2.1+0.4 2000

4-5.5 113+13.4 14.9+1.3 5.0+0.7 1992
5.5-7 77.7£7.0 21.5+2.4 2.7+0.3 1983
7-8 43.3£1.9 22.2+3.4 1.7+0.2 1975
8-9 61.8+2.1 19.4+3.1 1.840.2 1966
9-10 31.246.5 22.1+£1.9 1.6+0.4 1958
10-11 48.2+7.3 14.6+1.6 2.0£0.3 1949
11-12.5 43.3+9.0 17.2+1.8 2.3+0.8 1941

Taomuua 4.7

Cranuus 11. Pe3ynbTaThl 1aTUPOBAHUSI CJIOEB JJOHHOTO OCAJKa B KOJIOHKAX IO COACPKAHUIO
PaAMON30TOIOB 210pp 226R3 1 ¥7Cs, Konbckuii 3a51mB, okTsI0pb 2017 1.

Citoii. oM Y aenbHas akTUBHOCTH, BK/KT CyX0il MacChl Jlara, rox
5 210Pb 226Ra 137CS )
0-1 208.0+7.7 13.1+1.1 1.4+0.5 2017
1-2 224.0+£9.7 15.3+1.2 5.240.6 2008
2-3 223.0+£9.8 13.9+1.2 1.7+£0.5 1999
3-4 190.0+£7.5 15.9+1.2 1.2+0.1 1990
4-5 166.0+7.3 21.4+0.7 2.4+0.6 1982
5-6 90.4+6.4 15.4+1.3 0.3+0.1 1973
6—7 85.2+6.1 13.7+£0.6 0.7£0.2 1964
7-8 85.1+3.5 19.1+0.4 0.1+0.1 1955
8-9 59.2+5.8 190.9+1.1 0.7£0.2 1946
9-10 32.8+5.8 22.3+1.3 1.2+0.1 1937
10-13 47.5+7.2 22915 0.9+0.3 1919
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Table 4.7

Station 11. Dating results of bottom deposit layers in columns by radioisotopes content of 21°Pb,

226Ra and ¥'Cs, Kola Bay, October 2017

Layer, cm 21Oirl;emflc act|V|ty22ERq;kg of dry Welgjgt(: - Date, year
0-1 208.0+7.7 13.1+1.1 1.4+0.5 2017
1-2 224.0+£9.7 15.3+1.2 5.240.6 2008
2-3 223.0+9.8 13.9+1.2 1.7+¢0.5 1999
3-4 190.0+£7.5 15.9+1.2 1.2+0.1 1990
4-5 166.0+7.3 21.4+0.7 2.4+0.6 1982
5—6 90.4+6.4 15.4+1.3 0.3+0.1 1973
6-7 85.2+6.1 13.7+0.6 0.7+0.2 1964
7-8 85.1+3.5 19.1+0.4 0.1+0.1 1955
8-9 59.245.8 19.9+1.1 0.7+0.2 1946
9-10 32.845.8 22.3+¥1.3 1.2+0.1 1937
10-13 47.5+7.2 22.9+1.5 0.9+0.3 1919
Taomuma 4.8
Cranuus 22. Pe3ynbraThl JaTUPOBaHUS CJIOEB IOHHOI'O OCAJIKa B KOJIOHKAX IO COIEP>KAHUIO
pagnonzotonos *1°Ph, ??°Ra u ¥’Cs, Morosckwii 3ammB, okTa6ps 2017 T.
Citoii. oM Y aenbHas akTUBHOCTH, BK/KT CyX0il MacChl Jlara, rox
P 210Pb 226Ra 137CS )
0-2 99.4+10.5 8.3+0.5 1.4+0.2 2017
2-3 148.2+18.0 23.4+1.7 2.9+0.6 2005
3-4 123.0+14.1 35.8+2.2 3.4+0.5 1998
4-5 83.8+11.1 28.1+1.9 2.6+0.3 1990
5—6 80.1+9.6 26.7+1.5 2.4+04 1982
6-7 68.319.4 24.5+1.8 2.3+0.4 1975
7-8 60.4+9.3 24.6+1.4 2.7+0.4 1967
Table 4.8

Station 22. Dating results of bottom deposit layers in columns by radioisotopes content of 2°Pb,

226Ra and *'Cs, Motovsky Bay, October 2017

Specific activity, Bg/kg of dry weight

Layer, cm 2I0pp, 226R, 137 Date, year
0-2 99.4+10.5 8.3+0.5 1.4+0.2 2017
2-3 148.2+18.0 23.4+1.7 2.9+0.6 2005
3-4 123.0+14.1 35.8+2.2 3.4+0.5 1998
4-5 83.8+11.1 28.1+1.9 2.6+0.3 1990
5-6 80.1+9.6 26.7£1.5 2.4+0.4 1982
6-7 68.3+9.4 24.5+1.8 2.3+0.4 1975
7-8 60.4+9.3 24.6x1.4 2.7+0.4 1967
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Fig. 4.5. Vertical distribution of excess 21°Pb in the bottom sediments of Kola and Motovsky
Bays and calculated rate of sedimentation
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Panee, B uccnegoBanuax 1995 r u 2012-
2014 rr., B KOJOHKaX JIOHHBIX OTJIOKCHHUM H3
Konsckoro MoToBcKOTO 3aJIMBOB
00HApYKUBATNCH BA THKa conepxkanus >/Cs.
OnuH U3 MUKOB COOTBETCTBYET cepeanne 1960-
X TOJIOB - BPEMEHH MaKCHUMAaJIbHBIX BBINAICHUI
AHTPOMOTEHHBIX PAAMOHYKITHIOB u3
atMocdepsl. Btopoit mmk B 1986 romy
COOTBETCTBYET aBapuu Ha YepHOOBUILCKOM
ADC [17, 20]. Ognako yeM OoJibIlle BPEMEHHU
TIPOXOIUT, TeM Oonee CTTIQ)KEHHBIMU
CTaHOBSATCA paclpeieseHUus] aHTPOIOTI€HHBIX
PAAMOHYKJIMIOB O TITyOWHE TOHHBIX OCAIKOB.
Oromy CIOCOOCTBYIOT MOCTOSIHHOE
00pa3oBaHUE MOJIOJBIX OCA/JKOB M 3ariayOyieHue
3arpsiI3HEHHBIX CII0EB, (U3WYECKUE MPOLECCHI
PaAMOAaKTUBHOTO pacliaja, MepeMElIuBaHue C
JIPYTUMH CIIOSIMH B pe3ylibTaTe OmoTypOanuwu,
xuMuueckast 1uddysusi, mporeccsl mepeHoca ¢
MOPOBBIMU BOJAMH U TIP.

CornacHO  pe3ylibTaTaM  PacyeToB,
€MHCTBEHHBIN BBIPAKECHHBIN MaKCUMYM
conepxanus “>'Cs B cioe 11-12 cM Ha cTaHIUH
2 (Konbckuit 3ayuB), cocraBuBImii 26.9 Br/kr,
no BpeMeHHOU mikane (tabn. 2, [Ipunoxenue.
B2) otHocuTtcs k kony 1940-x rr. Ha cranuun
3 OTHOCHUTEIBHO TOBBIIIEHHOE MOCTYIUICHHE
uszotono muytonus (29%40Pu — 3.21 Br/kr;
238py — 2.32 Bk/kr) otHOCHTCA K Havamy 2000-x
rogoB. OOe CcTaHIIMM HAXOAATCI B 30HE
Bo3MokHOTO BiusHus DI'VII «Atomdpmory.
Makcumym ¥'CsS He MoxkeT paTHpoBaThCs
panee 1960 ronma, korma mpeanpusiTUEe HAYAJIO
CBOIO JIeATENBHOCTh. Habmonaemoe cmernieHue
o BPEMEHHOU IKase, 00yCJIOBJICHO
MOCTCEIMMEHTALIMOHHON MHUTpaluen 187Cs 3a
CYET €ro BBICOKOM IOJBHUKHOCTH. DTHMH XK€
nporeccaMi MOXKHO OOBACHUTH OOHapyKeHHUE
MHHAMANBHEIX KonmdecTs 3'CS B crosx
0CaJIKa, OTHOCSIINXCS K IEPUOAY IO MOSIBICHUS
sepHOTro opy>xus (cranmuu 7, 9, 11).

[To pesynpTaTam pacyeToOB CKOPOCTH
OCAaJKOHAKOIUIGHUS HW3MEHSETCSd B  Pa3HbIX
yacTsax paiiona uccnenoBanuit ot 0.07 mo 0.38
CcM/TOJT (puc. 4.5). MakcumanbHOe
ocankoHakoruienue 0.38 cm/ron HaOmromaercs
Ha craHuud | B KytoBoil 4vactu Koisbckoro
3a]IMBa U CBS3aHO C BIAJCHHEM JBYX KPYITHBIX
pex Kombt m  Tynombl, BBIHOCSIIUX
3HAUUTENBHOE KOJMYECTBO B3BecH. Ha cTanmmm
7, pacnonoxeHHod B CpenHem  KOJEHE
Konsckoro 3ammBa, pacueTHass  CKOpPOCTh

Two peaks of *¥’Cs content were found in
bottom sediments columns from Kola,
Motovsky Bays earlier in research of 1995
and 2012-2014. One of peaks corresponds to
mid-1960s - time of the maximum losses of
anthropogenic  radionuclides  from  the
atmosphere. The second peak in 1986
corresponds to the accident at the Chernobyl
nuclear power plant [17, 20]. However, the
more time passes the smoother anthropogenic
radionuclides distribution becomes in bottom
deposits depth. This is facilitated by the
constant formation of young deposits and the
deepening of contaminated layers, physical
processes of radioactive decay, mixing with
other layers as a result of bioturbation,
chemical diffusion, transport processes with
pore waters and etc.

The only expressed maximum of *'Cs
content in 11-12 cm layer at station 2 (Kola
Bay) which was 26.9 Bg/kg according to the
time scale (Table 2, Appendix B2) refers to
the late 1940s according to calculations
results. At Station 3 relatively increased
plutonium isotopes intake (*3%?Pu — 3.21
Ba/kg; 28Pu — 2.32 Bq/kg) refers to the early
2000s. Both stations are in possible influence
zone of FSUE «Atomflot». The maximum of
137Cs cannot be dated until 1960 when the
enterprise started its activity. The observed
shift on a time scale caused by post-
sedimentation migration of *’Cs due to its
high mobility. Same processes can explain the
detection of *3’Cs minimal amounts in deposit
layers related to the period prior to nuclear
weapons emergence (stations 7, 9, 11).

Sedimentation speed changes in different
parts of researches area from 0,07 to 0,38
cm/year according to calculations results (Fig.
4.5). The maximum sedimentation of 0.38
cm/year is observed at station 1 in the head
part of Kola Bay and is related to the fall of
two major rivers - Kola and Tuloma taking
out a significant amount of suspension. The
calculated rate of sedimentation appeared a
minimum of 0.07 cm/year at station 7 located
in the Middle Part of the Kola Bay, i.e. this
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OCaJIKOHAKOIUICHUS OKa3ajlach MHHHMAaJIbHOM
0,07 cm/ron, T.e. 3TOT paiOH SBJISETCS 30HOU
TpaH3WTa oOcaJo04yHOro BemiecTBa. CKOpocTH
0CaJKOHAKOIUICHMS B JIPYTHX TOYKaX
uccnegosanus m3Mmenstorca or 0.11 mo 0.19
cMm/ron. B memom, monydeHHBIE 3HAYCHUS
XOpOIIO COTJIaCyIOTCS v paHee
OnyOJUKOBAaHHBIMU JTAHHBIMU TIO CKOPOCTSIM
ocankoHakoruieHus B Koiabckom m MoOTOBCKOM
sajmBax [19, 21].

Takum o0pazom, METOJIOM
T€OXPOHOJOTHYECKUX HCCIEAOBAHUM JIOHHBIX
OTJIOKEHUN HU3yUEHBI MPOLIECChl COBPEMEHHOIO
OCAJKOHAKOIUJIEHUS B PA3JIMYHBIX palloHaX
Konbckoro 3anmBa. MakcumalibHble CKOPOCTH
ocankoHakorieHus, okoino 0.38  cm/rox,
XapakTepHsbl i BepiinHbl Kosbckoro 3anuBa.
Ha JIPYTUX y4acTKax CKOPOCTH
OCaJKOHAKOIUJIEHUs B 2-5 pa3a Huxe. [IpoBeneH
aHaJn3 npodust KOHIICHTPALIUU
HMCKYCCTBEHHBIX  PAAUOHYKIUJIOB B  CIOSX
JIOHHBIX OTJOXEHUW. B cpaBHeHUMH ¢ paHee
MPOBEJICHHBIMU HCCJIEOBAHUSIMU OTMEYAECTCS

COKpallcHue CIeKTpa PaguOHYKIIUIOB,
KOTOpBIE CONEPKATCA B Pa3HBIX CIOSX JOHHBIX
OTJIOXKECHUM. [podpunu BEPTUKAIILHOI'O

pacrpesieneHuss paJuou30TONOB MPUOOPETAIOT
Oosiee CriakeHHBIH XapakTep. DTa TEHICHIIHS
YKa3bIBaeT Ha 0J1aronoNy4Hyo
PaauO3KOJIOTMYECKYI0 CUTYalUI0 B IOCIEAHUE
JECSATWIETUA. Y3KE MPOBEIECHHBIE ONEPALlUU 110
Tpan3uty OMAT w3 XpaHwiull IyHKTa
BPEMEHHOI'O0 XpaHeHus B ry0e AHIpeeBa H
oraeneHus «l'pemuxa» B Hacrosllee BpeMs HE
IPUBEIH K KAKUM-TH00 €€ U3MEHEHUSIM.

area is a transit zone of the sedimentary
substance. Sedimentation rate vary from 0.11
to 0.19 cm/year at other research points. In
general the obtained values are well
coordinated with the previously published
data on sedimentation rate in Kola and
Motovsky Bays [19, 21].

Thus geochronological research method of
bottom sediments studied modern
sedimentation processes in different areas of
Kola Bay. Maximum sedimentation rate of
about 0,38 cm/year are typical for the top of
the Kola Bay. Sedimentation rates are 2-5
times lower on other sites. Concentration
profile analysis of artificial radionuclides was
carried out in bottom sediments layers.
Compared to the previous conducted research
it is noted a reduction of radionuclides range
which contained in different bottom sediments
layers. Profiles of radioisotopes vertical
distribution become smoother. This trend
indicates a safe radioecological situation in
the last decades. Already performed
operations on SNF transit from the storages of
the temporary storage point in Andreeva Bay
and «Gremikha» Branch have not led to any
changes in it at present.
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3akJil0ueHue
B pesyabpTare TIOJIEBBIX 51
7a00paTOpHBIX ~ pabOT U KaMmepalbHBIX

uccnenoBanuii, nposeaeHHbx B 2017-2020 rr.
omnpeAeNeH TEKYLIUAd YpPOBEHb KOHIIEHTpalHi

PaguMOHYKIMAOB B  MOpPCKOM  cpene IO
MapupyTy 9BaKyaIuu 0TpabOoTaBIIETO
SIEPHOTO TOIUIMBA U3 XpaHWIHIL B TyOe
AnpapeeBa u  otraenenus  «l'pemuxa» B
Komnbckuii 3anuB.

PannonyxmuaHoe 3arpsi3HEHUE

AKBaTOPHUH, JIOHHBIX OCAJIKOB U OEHTOCHBIX
TUApOOMOHTOB MU PEpEeHIIMPOBAHO, HO BE3JIEC
OIICHMBAETCA Kak HHU3Kkoe. B mpuOpexHbIX
paiionax  HaOmomaeTcs — TEHACHUMsS  Ha
COKpaIleHHE CIIEKTpa TEXHOTCHHBIX
PAAMOHYKIHIOB B TITYOMHHBIX CIOSIX JOHHOTO
0caJKa M CriIaXMBaHUE HAOIIOIaBIINXCS paHee
NUKOB WX OJKCTPEMATbHBIX KOHIICHTPAIIHIA.
PacnpocTpaHeHHble ¥ OTHOCUTENIBHO PENKO
paccelieHHble BHJABI MOPCKOTO  (UTO- W
3000enTOca F. vesiculosus u A. Nodosum, M.
edulis Moryr ciyxuThb WHIMKATOpaMH IIpH
MHOTOJIETHUX PaAMOIKOIOTMUECKUX
HAOIIOICHUSX.

B mnacrosimee Bpemsi B IPUOPEKHOM
30HE OTKPBITOTO MOpS Ha y4YacTKaxX TpaH3UTa
oiAT CYIIECTBYIOT Ba HCTOYHHUKA
TEXHOTCHHBIX  PATUOHYKIHUAOB,  KOTOpHIC
bopMHUPYIOT PaIMO’KOJIOTHYECKU (OH. ITO
XPaHUJIHUIIE PAJMOAKTUBHBIX OTXOIOB B Ty0Oe
AnpapeeBa u cymmapsbiii ctok Konbckoro
3a]lBa, B KOTOPOM PACIOJIAararoTCsl HECKOJIBKO
00BEeKTOB HHPPACTPYKTYPBI aTOMHOTO (hJI0TA.

PamuoakTuBHBIC 3arps3HeHUs
nonafarone B MOTOBCKHI 3alluB U3 TyOBI
AHIpeeBa mepepactpeiesIFoTCs 0 aKBaTOPUH
3aJMBa B BOCTOYHOM HaIPaBJIEHUU K €T0 YCThIO

co CHIDKEHHUEM KOHLIEHTpaLUU
PaIUOHYKJIHIOB. B KonbckoMm 3aJIUBE
HpOI/ICXOI[I/IT HAKOIIJICHUC IIOIMaJar0IIINX B

JOHHBIE OCAJKH 3arps3HEHU B CpeTHEM W
CEBEPHOM KOJICHAX 3aJiiBa B COOTBETCTBUU C
penbeoM  1HA. Paguonykmuasl  BO
B3BELICHHOM COCTOSIHUM BBIHOCATCS U3 3aJIMBA
CTOKOBBIM TEYEHHMEM B OTKPBITOE MOpE.
Xpanmmma PAO u OST B rybe Caiina u
nponuBe  VOKaHBICKHIT  peiin  (OTHencHHe
«I"'pemuxay) HE OKa3bIBAIOT B HACTOSIIEE BPEMS
CYLIECTBEHHOTO BIIMSHMS Ha 3arps3HEHHE
MOPCKOM BOJIbI M JIOHHBIX OCaJKOB.

Conclusion

As a result of sampling, laboratory studies
and analytical research work carried out in
2017-2020, we determined the current level of
radionuclides concentrations in the marine
environment is determined by an escape route
of spent nuclear fuel from storages in
Andreeva Bay and «Gremikha» Branch to
Kola Bay.

Radionuclide pollution of water area,
bottom deposits and benthic hydrobionts is
differentiated but estimated as low
everywhere. There is a tendency in coastal
areas of reducing technogenic radionuclides
spectrum in bottom deposits deep layers and
smoothing observed earlier peaks of their
extreme  concentrations. Common and
relatively rarely settled species of marine
phyto- and zoobenthos F. vesiculosus and A.
Nodosum, M. edulis can serve as indicators in
many years of radioecological observations.

Currently two sources of technogenic
radionuclides exist in the high sea coastal zone
at SNF transit sites which form a
radioecological background. This is the
radioactive wastes storage in Andreeva Bay
and the total runoff of Kola Bay in which
several infrastructure facilities of the nuclear
fleet are located.

Radioactive contaminations falling in
Motovsky Bay from Andreeva Bay are
redistributed along the bay water area in the
eastern direction to its estuary with a decrease
of radionuclides concentration. In Kola Bay
there is accumulation of pollutions falling in
bottom deposits in the middle and northern
parts of the bay in accordance with the bottom
relief. Radionuclides in suspended condition
are carried out from the bay by drain flow into
the open sea. RW and SNF storages in Saida
Bay and Yokangsky Raid Strait («Gremikha»
Branch) do not currently have a significant
impact on the pollution of marine water and
bottom deposits.
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Pagnoskonoruueckasi — CHUTyalMio B
HoCEeHUE  JecATWIeTHs B  MypMaHCKOM
npubpexbe OLEHUBAETCS KakK OJ1aronoiyyHas.
VKe INpOoBEJEHHbIE ONEpaly IO TPAH3UTY
OAT w3 XpaHuaull @YHKTa BPEMEHHOIO
XpaHeHHs B TyOe AHApeeBa U OTHEICHMS
«I'pemuxa» B HacTrosIee BpeMsl He NMPUBEIU K
KaKMM-JIN0O €€ N3MEHEHMSIM.

Radioecological situation in  Murmansk
foreshore has been assessed as safe in the last
decades. Already performed operations on
SNF transit from the storages of the temporary
storage point in Andreeva Bay and
«Gremikha» Branch have not led to any
changes in it at present.
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IMPUJIOKEHUSA / ANNEXES

[Mpunoxenne A / Annex A

Pe3ynbTaThl XUMHKO-1a00paTOPHOro aHaAIKM3a IPO0 BOJIBI U TOHHBIX OTIOXKEHHUH /
Chemical laboratory analysis results of water and bottom sediments samples

O6beMHas akTHBHOCTB ' CS 1 °Sr B BepxHeM cioe Bojp! B KombckoM 1 MOTOBCKOM 3a/MBax,

Mpunoxenne A 1/

Annex A1l

2017 r./
Volumetric activity of *3’Cs and °Sr in the upper layer of water in Kola and Motovsky Bays,
2017
Koopaunatsr ObnémHas
Ne Jlata I'my6Guna, ['opusoHnT, pA AKTHBHOCTH, Br/M3
Cranium M M C.III. B.1I. 137Cs 05y
Konbckuii 3anus
1 |311047| 111 —2 — 68°56.956' | 33°00.764' |28 02 | 42203
111 1.3+£0.2 | 13.3t1.9
2 30.10.17 33.3 0 68°58.818"' (33°02.690" | 1.6 +04 | 5.1+0.8
3 30.10.17 25.0 N 69°01.611' | 33°02.322' 1602 —
25.0 20+04 | 5.6%0.6
5 30.10.17 42.7 0 69°04.279" (33°07.246" | 2.3+0.4 —
0 . o | 1.2+06 | 10.8+0.9
7 30.10.17 98.0 98.0 69°06.028' | 33°21.660 55109 <MIA
9 29 10.17 97.0 0 69°11.377' | 33°33.890' | 28+0.1 | 10.6x .6
o 97.0 69°11.377' | 33°33.890' | 1.0+£0.2 | 7.2t14
0 . o | 27+02 | 82407
11 29.10.17| 163.0 163.0 69°14.796' | 33°33.155 57502 | 98416
12 29.10.17| 217.0 0 69°16.546' | 33°32.538' | 3.8+0.1 <MJA
MOTOBCKHM 3aIUB
0 . o [ 11+02 [18+01
16 28.10.17| 116.0 116.0 69°26.216' | 33°15.097 05203 | 44203
0 . o | 06202 [25+02
17 28.10.17 60.0 60.0 69°28.641' | 33°04.537 18403 | 150427
18 27.10.17 56.0 0 69°28.200' | 32°53.051"' | 2.1+£0.4 | 2.4+0.3
19 27.10.17 42.0 0 69°29.360' | 32°39.815' | 1.7+£0.3 | 6.4+0.9
0 . o | 1.7+09 | 252045
20 27.10.17| 138.0 138.0 69°29.975' | 32°35.698 04202 | 128118
21 27.10.17| 134.0 0 69°31.093' | 32°34.008' | 2.3£0.7 —
22 27.10.17| 211.0 0 69°34.40" | 32°29.35" | 3.3+£0.5 | 5.2+04
23 28.10.17| 253.0 0 69°32.138' | 32°56.728"' | 2.1+£0.5 | 17.3x1.3
24 28.10.17| 278.0 0 69°30.640' | 33°00.542' | 0.3+£0.0 | 6.4+0.9
0 25+0.1 | 0.5£0.02
2 28.10.17 40. °22.028' °30.114'
5 8.10 0.0 200 69°22.028' | 33°30 52308 <MIA
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Volumetric activity,

o i Coordinates
stai\rti_on Date | Depth, m Horrlnzon, Bg/m’
N E 187Cs Ngy
Kola Bay
1 [311017] 111 O 6go56.956' | 33°00.764' |-0-8£02 | 4.22+0.3
111 1.3+£0.2 | 13.3%1.9
2 30.10.17 33.3 0 68°58.818" |33°02.690 16+x04 5.1+0.8
3 30.10.17 25.0 0 69°01.611' | 33°02.322' 1.640.2 —
25.0 20+04 5.6+0.6
5 30.10.17 42.7 0 69°04.279" |33°07.246' 2.3+x04 —
0 ] o | 1.2+06 | 10.8+0.9
7 30.10.17 98.0 98.0 69°06.028' | 33°21.660 55109 < MDA
9 29 10.17 97.0 0 69°11.377' | 33°33.890' | 2.8+0.1 | 10.6x .6
T 97.0 69°11.377' | 33°33.890' | 1.0+0.2 7.211.4
0 ] o | 27+02 | 82+07
11 29.10.17 163.0 163.0 69°14.796' | 33°33.155 57502 0.8:16
12 29.10.17 217.0 0 69°16.546' | 33°32.538' | 3.8+0.1 < MDA
Motovsky Bay
0 ] o [ 11+02 [18+01
16 28.10.17 116.0 116.0 69°26.216" | 33°15.097 05203 | 44203
0 ] o | 06+02 [ 25+0.2
17 28.10.17 60.0 60.0 69°28.641' | 33°04.537 18403 | 150427
18 27.10.17 56.0 0 69°28.200' | 32°53.051' | 2.1+04 2.4+0.3
19 27.10.17 42.0 0 69°29.360" | 32°39.815' | 1.7 £0.3 6.4+0.9
0 ] o | 1.7+09 | 254045
20 27.10.17 138.0 138.0 69°29.975' | 32°35.698 04202 | 128118
21 27.10.17 134.0 0 69°31.093' | 32°34.008' | 2.3+0.7 —
22 27.10.17 211.0 0 69°34.40"' | 32°29.35' 3.3+£05 5.2+0.4
23 28.10.17 253.0 0 69°32.138' | 32°56.728' | 2.1+05 | 17.3+x1.3
24 28.10.17 278.0 0 69°30.640' | 33°00.542' | 0.3+0.0 6.4+0.9
0 ] 1 | 25+0.1 | 0.5£0.02
25 28.10.17 40.0 400 69°22.028' | 33°30.114 52108 < MDA
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[Mpunoxenne A 2 /
Annex A 2

O6bemMHas akTHBHOCTH ~>'CS u 2Sr B BEpxHeM ciioe Bojbl B ryoe Caiina, 2018r. /
Volumetric activity of **’Cs and ®Sr in the upper layer of water in Saida Bay, 2018

No [1y6uHa Koopaunatst O6bEMHAs aKTHBHOCTD, BK/M°
- Jara ’
CTaHIINHU M
C.III. B.1I. 187Cs 05y
1 23.10.18 0 6914.892 3313.383 23+0.3 1.340.1
Ne Coordinates Volumetric activity, Bg/m®
; Date Depth, m
station
N E 137Cs 0sr
1 23.10.18 0 6914.892 3313.383 2,3%£0,3 1,340,1

[Mpunoxenne A 3/
Annex A 3

O6bemuas akTuBHOCTS *3'Cs u %St B BepxHeM cioe BozibI B ponuBe HMokaHbrckuii peiin
(otmenenue I'pemuxa), 2018 . /
Volumetric activity of $3’Cs and °Sr in the upper layer of water in Yokangsky Raid Strait
(«Gremikha» Branch), 2018

Ne ['ny6una Koopaunatst O6bEMHAs aKTHBHOCTb, BK/M°
Hara ’
CTaHIIUH M
C.II. B.II. 187Cs 0gy
1 30.9.18 0 6803.61602 | 3931.21302 14+0.8 4.5+ 0.6
4 30.9.18 0 6804.54002 | 3927.81498 1.1+£0.3 1.98+ 0.6
No Coordinates Volumetric activity, Bg/m®
; Date Depth, m
station
N E 137Cs 0sr
1 30.9.18 0 6803.61602 | 3931.21302 14+0.8 4.5+ 0.6
4 30.9.18 0 6804.54002 | 3927.81498 1.1+£0.3 1.98+ 0.6

88




Motovsky Bays 2017-2018

[Mpunoxenne A4 /

Annex A4
VY nenpHas akTUBHOCTH MPUPOIHBIX M TEXHOTCHHBIX PAIMOHYKIUIOB B BEpXHEM cJi0o€ TOHHBIX oTiIoxkeHuH (0-2 cm) B Konbckom u

Morosckom 3anuBax 2017-2018 r. /
Specific activity of natural and technogenic radionuclides in the upper layer of bottom sediments (0-2 cm) in Kola and

No Tny6una, Koopaunatst VY enbpHast akTHBHOCTbB, BK/KT CyX01 MacChl
;;ilﬂ Hara M. C.IIL BL 187Cg 90gy Q0K 232Th 210pp 238py, | 239.240p|; |226R4 2381 152F
Konbckuil 3anus
1 |(31.10.17 11.1  |68°56.956' [33°00.764" | 4.7+0.7 [0.39+£0.07 | 538+32 |21.1+1.8 [36.3+t5.4 |[<MJA |2.0+0.8 | 11.8+1.1 |7.9+1.1 | <MJA
2 |30.10.17 33.3 |68°58.818" |33°02.690" | 9.4+1.5 |1.13+0.22 | 644+40 |29.6%2.5 — — — 14.8+1.5 — <MJIA
3 ]30.10.17 25.0 [69°01.611' |33°02.322' | 3.8+0.7 |0.284+0.02 | 53632 |19.6+1.6 — — — 9.6£1.0 — <MJA
5 30.10.17 42.7 |69°04.279' |33°07.246' | 6.7£1.2 |2.10+£0.32 | 664+40 |27.1+2.3 |181+8.0 |0.9+0.5 |1.4+0.8 | 13.0+1.3 |9.4+0.7 |6.6%0.9
6 |30.10.17 65.0 [69°04.351' |33°11.316' | 6.7+1.2 |0.20+0.03 | 641+38 |26.3+2.2 — — — 11.6x£1.1 — 51+0.9
7 130.10.17 98.0 |69°06.028" |33°21.660" | 5.5+0.8 |0.26+0.01 | 723+43 |28.2+2.4 — — — 13.5+1.2 — 1.1+£0.3
8 129.10.17 | 161.0 [69°08.178' |33°25.934' | 7.9+1.3 |0.33+0.05 | 713+44 |31.1+2.8 — — — 16.9+1.7 — <MJA
9 ]29.10.17 97.0 [69°11.377' |33°33.890' | 8.8+1.5 |1.87+0.26 | 848450 |33.8+2.5 |581+13.8 |<MIOA |<MJA |14.7#1.5|15.2+1.6 |6.4+0.7
11 |29.10.17 | 163.0 |69°14.796' |33°33.155' | 1.0+0.2 |1.28+0.10 | 147+73 |7.9+0.7 — — — 3.410.4 — <MJIA
13 |29.10.17 30.0 [69°16.116' |33°27.569' <0.2 |0.53+0.10 | 424425 |12.0£1.0 — — — 5.3+£0.6 — <MJA
14 128.10.17 63.7 |69°17.021' |33°28.115' | 0.4+0.2 |0.44+0.06 | 462+28 |13.2+1.2 [44+2.4 1.0£0.2 |3.5+1.6 | 6.6+0.8 |2.3x0.1 | <MJA
MoToBCKHi1 3a7IuB

15 |28.10.17 60.0 [69°25.011" |33°28.580' <0.2 [1.03+0.16 | 162+11 |4.5+0.4 |[10.2+19 |<MJA |<MJIA 2503 |1.2+0.1 | <MOA
16 |28.10.17 | 116.0 |69°26.216' |33°15.097" <0.2 |1.00+0.15 | 513+36 |13.5+#1.4 |163+£12 |0.2+0.03 |3.6+x1.6 | 7.7+0.9 |18.4+4.5 |3.9+0.9
18 [27.10.17 56.0 |69°28.200" |32°53.051' | 0.8+0.1 |0.83+0.15 | 709+41 |32.2+2.3 |54.6+6.5 |[<MJIA |0.3+0.03| 14.3+1.1 |10.4+0.7 |3.4+0.5
19 |27.10.17 42.0 [69°29.360' |32°39.815" | 1.1+0.2 |0.29+0.02 | 760+50 [35.4+2.9 |41.49+4.4 |<MJA |<MJA | 14.6£1.3 [11.7+0.8 |5.5+0.8
20 |27.10.17 | 138.0 |69°29.975' |32°35.698' | 1.6+0.3 |1.01+0.16 | 58361 [22.4£1.8 |154+7.5 |<MJA |<MJA |10.5+0.8 |5.3+0.4 |2.5+0.3
21 |27.10.17 | 134.0 |69°31.093' |32°34.008' | 1.5+0.2 |0.09+0.02 | 813448 (34.7+2.8 |145+5.7 |<MJA |<MIA | 16.2+1.2 {16.4+1.9 |3.5£0.4
22 |27.10.17 | 211.0 |69°34.40' |32°29.350" | 3.4+0.6 |1.76+£0.10 | 942457 (34.6+2.9 |212+8.1 |<MJA |0.5+0.1 |20.6+1.8 |21.2+2.0 |7.0+1.0
23 (28.10.17 | 253.0 |69°32.138' |32°56.728' | 1.7£0.3 [0.27+£0.05 | 707+41 |22.8+1.8 |213+7.1 |<MJA |[(<MJA |14.5%#1.1 |21.1+1.8 |3.5+0.4
24 |28.10.17 | 278.0 |69°30.640' |33°00.542' | 5.9+0.9 |1.05+0.17 | 1277476 {50.5+4.5 |378+10 |<MJA |<MIA |31.6+2.4 |9.7£1.2 |9.2£15
25 |28.10.17 40.0 |69°22.028' |33°30.114' | 0.2£0.1 |0.14+0.02 | 520+31 |15.4+1.3 |59.9#45 |<MJA |<MIA 7.5+0.7 | 2940.2 | <MJA
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No

Coordinates

Specific activity. Bg/kg of dry weight

stati_on Date Depth m N E 137CS QOSr 40K 232Th 210Pb 238pu 239.240pu 226Ra 238U 152Eu
Kola Bay
1 |31.10.17 11.1 68°56.956' |33°00.764" | 4.7£0.7 |10.39£0.07 | 538+32 |21.1+1.8 36.3x5.4 |[< MDA |2.0£0.8 |11.8£1.1 |7.9£1.1 | <MDA
2 |30.10.17 33.3 |68°58.818' |33°02.690" | 9.4+1.5 |1.13+0.22 | 644140 |29.6%2.5 — — — 14.8£1.5 — < MDA
3 |30.10.17 25.0 [69°01.611' |33°02.322' | 3.8+0.7 |0.284£0.02 | 536+32 |19.6+1.6 — — — 9.6+1.0 — < MDA
5 130.10.17 42.7 |69°04.279' |33°07.246' | 6.7£1.2 |2.10+£0.32 | 664+40 |27.1+2.3 |181+8.0 |0.9+0.5 |1.4+0.8 | 13.0£1.3 |9.4+0.7 |6.6+0.9
6 |30.10.17 65.0 [69°04.351' |33°11.316' | 6.7+1.2 |0.20£0.03 | 641+38 |26.3+2.2 — — — 11.6+1.1 — 51+£0.9
7 130.10.17 98.0 |69°06.028' |33°21.660" | 5.5+0.8 |0.26+0.01 | 723+43 |28.2+2.4 — — — 13.5+1.2 — 1.1+£0.3
8 129.10.17 | 161.0 [69°08.178 |33°25.934' | 7.9+1.3 |0.33+0.05 | 713+44 |31.1+2.8 — — — 16.91£1.7 — < MDA
9 |29.10.17 97.0 |69°11.377' |33°33.890' | 8.8+1.5 |1.87+£0.26 | 848450 |33.8+2.5 [581+13.8 [< MDA |< MDA | 14.7£1.5 |15.2+1.6 |6.4+0.7
11 |29.10.17 | 163.0 |69°14.796' |33°33.155' | 1.0+0.2 |1.28+0.10 | 147+73 |7.9+0.7 — — — 3.410.4 — < MDA
13 {29.10.17 30.0 [69°16.116' |33°27.569' <0.2 |0.53+£0.10 | 424+25 |12.0+£1.0 — — — 5.3+0.6 — < MDA
14 128.10.17 63.7 |69°17.021' |33°28.115' | 0.4+0.2 |0.44+0.06 | 462+28 |13.2+1.2 [44+2.4 1.0+0.2 |3.5+£1.6 | 6.6£0.8 |2.3£t0.1 | <MDA
Motovsky Bay
15 (28.10.17 60.0 [69°25.011' |33°28.580 <0.2 |1.03+0.16 | 162+11 |4.5+0.4 |[10.2+1.9 | < MDA |<MDA | 2.5+0.3 |1.2+0.1 | < MDA
16 [28.10.17 | 116.0 [69°26.216' |33°15.097 <0.2 [1.00+0.15 | 513+36 |13.5#1.4 [163+£12 [0.2+0.03 |3.6+1.6 | 7.7+0.9 |18.4+4.5 |3.9+0.9
18 [27.10.17 56.0 |69°28.200" |32°53.051' | 0.8+0.1 |0.83+0.15 | 709+41 |32.2+2.3 [54.6+6.5 |[< MDA |0.3+0.03| 14.3+1.1 {10.4+0.7 |3.4+0.5
19 (27.10.17 42.0 [69°29.360"' |32°39.815" | 1.1+0.2 [0.29£0.02 | 760+50 |35.4+2.9 |41.49+4.4 |< MDA |<MDA | 14.6+1.3 |11.7£0.8 |5.5£0.8
20 |27.10.17 | 138.0 |69°29.975' |32°35.698' | 1.6+0.3 |1.01+£0.16 | 583+61 |22.4+1.8 [154+7.5 |<MDA |<MDA |10.5+0.8 |5.3£0.4 |2.5£0.3
21 |27.10.17 | 134.0 |69°31.093' |32°34.008' | 1.5+0.2 |0.09£0.02 | 813+48 (34.7+2.8 |145+5.7 |<MDA |<MDA |16.2+1.2 |16.4+1.9 |3.5+0.4
22 |27.10.17 | 211.0 |69°34.40" |32°29.350" | 3.4+0.6 |1.76+£0.10 | 942457 |34.6+x2.9 (212+8.1 |<MDA |0.5£0.1 | 20.6£1.8 |21.2+2.0 |7.0£1.0
23 |28.10.17 | 253.0 |69°32.138' |32°56.728" | 1.7+0.3 |0.27£0.05 | 70741 (22.8£1.8 |213+7.1 |<MDA |<MDA |14.5+1.1 |21.1+1.8 |3.5+0.4
24 |28.10.17 | 278.0 |69°30.640' |33°00.542' | 5.9+0.9 |1.05+0.17 | 1277476 {50.5+4.5 |378+10 |<MDA |<MDA |31.6+2.4 |9.7£1.2 |9.2£15
25 |28.10.17 40.0 ]69°22.028' |33°30.114' | 0.2+0.1 |0.14+0.02 | 520+31 |15.4+1.3 |59.9+45 |< MDA |<MDA | 7.5%0.7 | 2.9£0.2 | < MDA
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[Mpunoxenne A5 /
Annex A5
VY nenapHast aKTHBHOCTH MPUPOIHBIX M TEXHOTEHHBIX PAIHOHYKIIAIOB B BEPXHEM CIIO€ JOHHBIX oTiIokeHuit (0-2 cm) B ryde Caiina, 2018 r. /
Specific activity of natural and technogenic radionuclides in the upper layer of bottom sediments (0-2 cm) in Saida Bay, 2018

Koopaunatst YaensHas akKTUBHOCTH, BK/KT CyX0if Macchl
Ne ['myOuna,
CTAHIMN Hara M. L BLIL 137¢g 9gy 40K 232 210pp 238py, 239,240, 226Rg 238 152,
ryoa Caiina
23.10.18 littoral |68°56.956' [33°00.764" | 1.7+0.4 | 0.46+0.1 | 1094494 | 28.3+2.7 — <MJIA | <MJIA | 13.6+1.3 — <MJIA
2 23.10.18 littoral |68°58.818' [33°02.690' | 1.4+0.4 | 0.69+0.1 | 429+34 | 11.2+1.3 —_ <MJA | <MJA 6.9+ .0 — <MJA
No Coordinates Specific activity, Bg/kg of dry weight
station Date | Depth, m N E 137Cg 9gy 40K 232 210pp 238py, 239,240, 226Rg 238 152,
Saida Bay
23.10.18 littoral |68°56.956' [33°00.764' | 1.7+0.4 | 0.46+0.1 | 1094+94 | 28.3+2.7 — <MDA | <MDA | 13.6%1.3 — < MDA
2 23.10.18 littoral |68°58.818' [33°02.690' | 1.4+0.4 | 0.69+0.1 | 429+34 | 11.2+1.3 —_ < MDA | <MDA 6.9+ .0 — < MDA
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[Mpunoxenne A6 /
Annex A6

V ienbHast aKTHBHOCTD MIPUPOIHBIX M TEXHOTCHHBIX PaJIHOHYKIHIOB B BEPXHEM CJI0O€ JOHHBIX oTnoxkeHuii (0-2 cM) B mposnBe MokaHbrekuit peiin
(otmenenue «I'pemuxar), 2018 /
Specific activity of natural and technogenic radionuclides in the upper layer of bottom sediments (0-2 cm) in Yokangsky Raid Strait
("Gremikha" Branch), 2018

Koopaunatst Y nenbHasi akTUBHOCTH, BK/KT CyX0it Macchl
Ne I'my6una,
CTaHIINU ﬂaTa M. C.III. B.1. 137CS QOSr 40K 232Th 210Pb 238Pu 239,240Pu 226Ra 238U 152Eu
[Iponus MoxkaHbreknit peitn  (otmenenue «I pemuxay)
30.10.18 | littoral |68°56.956' |33°00.764' | 2.8+0.3 | 0.240.03 | 771+61 | 27.5+2.8 — | <MJA | <MJIA | 24.0+3.6 — | <MJA
2 30.10.18 littoral |68°58.818' [33°02.690" | 2.0+0.2 | 0.840.1 | 623+55 | 20.4+2.2 — <MJA | <MJA | 27.1£25 — <MJIA
No Coordinates Specific activity, Bg/kg of dry weight
. Date |Depth, m
station N E 137CS QOSr 40K 232Th 210pb 238pu 239,240pu 226Ra 238U 152Eu
Yokangsky Raid Strait ("Gremikha" Branch)
1 30.10.18 littoral |68°56.956' [33°00.764' | 2.8+0.3 | 0.2+0.03 | 771+61 | 27.5+2.8 — <MDA | <MDA | 24.0+£3.6 — <MDA
2 30.10.18 | littoral |68°58.818' |33°02.690" | 2.0+0.2 | 0.8+0.1 | 623+55 | 20.4+2.2 — | <MDA | <MDA | 27.1+2.5 — | <MDA
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[Mpunoxenue B / Annex B

Pe3ynbrarhl XMMHKO-J1a00paTOPHOTO aHAIW3a POO MOPCKOW OHOTHI /
Chemical laboratory analysis results of marine biota samples

[Mpunoxenne B 1/

Annex B 1

VY nenbHas akTUBHOCTB PAIMOHYKIIMAOB B Bojopociisix F. vesiculosus B paiione tpansuta OST,
Bbx/kr cyxoii maccol. Uioab-okTsi6ps 2018 1. /
Radionuclides specific activity in algae F. vesiculosus in SNF transit area, Bg/kg of dry weight.
July-October 2018

Mecro oTdopa

(«Gremikha» Br.)

Cs-137 | Cs-134 | Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
poOBbI
ry6a benoxkamenas | o | ovia | <Maia | 62409 — 237420 | 1.440.2 | 1.5¢0.2 | 1.3+0.2
(ct. Ne 6)
Ei';lcj\lr\fgﬂy‘“m <MJIA | 1.0£0.2 | 1.2¢0.5 | 23.2+3.9 |0.85+0.11 | 468432 | 2.1+0.4 | 2+0.4 | 2.30.4
Mbic AGpam (cT. Ne 2) | <MJIA | <MJIA | 1.7+0.5 | 74.4+14 — 314428 | 2+0.4 | 54405 | 4306
BepumHa KOMBCKOTO |y 4465 | \iia | <mjga | 9.646.2 — 346420 | 6.140.5 | 8.940.5 | 9.5+1.4
3anmBa (cT. Ne 1)
ry6a Tonst (cr. Ne 8) | <MJIA | <MJA | <MJA | 493%53 | — 389423 | 2.240.2 | 2.7+0.2 | 21403
ry6a Caiima 0.5+0.2 | <MJA | <MJA | 49.9+8.3 — 441434 | 3.5+0.5 | 4.3+0.4 | 3.4+0.6
nposms MoKaHbreknit | ypx | oviia | <MzIA | 34,9450 |0.39£0.05| 127413 | 0.8202 | 2.2402 | 1.0£0.1
peiin (otn. I'pemuxa)
nposms Mokanbreknit |- oy | vimia | <mzia | 37.7455 |0.414005| 500441 | 17404 | 3204 | 1.8£05
peiin (otn. I'pemuxa)
Place of sample Cs-137 | Cs-134 | Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
selection
(Bsf'?\';ag'e””aya Bay | _MpA | <MDA | <MDA | 6.2:09 — 237420 | 1.4+0.2 | 1.5+0.2 | 1.3+0.2
'(\;'t'sgf'g‘;v Cape <MDA | 1.0+02 | 1.2405 | 23.2439 |0.85+0.11| 468+32 | 2.140.4 | 2+0.4 | 2.3+0.4
Abram Cape (st. Ne 2) | <MDA | <MDA | 1.720.5 | 74.4+14 — 314428 | 2+0.4 | 54405 | 4.3x0.6
Kola Bay to
y top 11402 | <MDA | <MDA | 9.6+6.2 — 346420 | 6.1+0.5 | 8.9+0.5 | 9.5+1.4
(st. Ne 1)
Tonya Bay (st. Ne 8) <MDA | <MDA | <MDA | 49.3+5.3 — 389423 | 2.2+0.2 | 2.740.2 | 2.1+0.3
Saida Bay 05+0.2 | <MDA | <MDA | 49.9+83 | — 441434 | 35405 | 4.3+0.4 | 3.4+06
Yokangsky Raid
Strait <MDA | <MDA | <MDA | 34.9+50 |0.39+0.05| 127+13 | 0.8+0.2 | 2.2+0.2 | 1.040.1
(«Gremikha» Br.)
Yokangsky Raid
Strait <MDA | <MDA | <MDA | 37.7455 |0.41+0.05| 590+41 | 1.7+0.4 | 3+04 | 1.8+05
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[Mpunoxenne B 2 /

Annex B 2

VY nenapHas akTHBHOCTH PaJHOHYKIIHIOB B Bogopocisax A. nodosum B paitone tpansura OST,
Bbx/kr cyxoii maccel. Mtonb-okTsi6ps 2018 1. /
Specific activity of radionuclides in algae A. nodosum in SNF transit area, Bg/kg of dry weight.

July-October 2018

Ne cT. Cs-137 | Cs-134 | Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238

ryba benokamentas | o401 | A | <MIA | <MIA — 350429 | 1.140.2 | 2402 | 1.240.2
(ct. Ne 6)
?f;‘?fg‘;“y’“’B 05201 | <MJA | <MJIA | 39+9.3 | 0.53+0.07 | 630+44 | 2.3+0.6 | 2.7+0.4 | 3.0£0.7
Mbic AGpam (cr. Ne2) | <MJA | <MJIA | 1.0£0.5 | 4.8+1.1 — 334429 | 1.940.5 | 5.640.2 | 1.040.2
ry6a Tonst (cr. Ne 8) | <MJA | <MJA | 1.0£0.6 | 7.3+15 |0.45+0.06 | 30319 | 2.40.2 | 1.5+0.1 | 2.2+0.6
ry6a Caiiza <MJIA | <MJIA | <MJIA | 28.247.0 | 0.1+0.01 | 337423 | 1.620.5 | 2.1+0.4 | 2.0+0.4
nposms MoKaubrekit | | vma | <MIA | <MIIA | 0482006 | 285425 | 1.840.6 | 1.4%0.4 | 1.120.4
perin (otn. I'pemuxa)

No st. Cs-137 | Cs-134 | Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
Zf'%ag'e””aya Bay | 03401 | <MDA | <MDA | <MDA — | 350429 | 11402 | 2402 | 1.2+02
Mishukov Cape
(5t 2o 3) P 05+0.1 | <MDA | <MDA | 39+9.3 |0.53+0.07 | 639+44 | 2.3+0.6 | 2.740.4 | 3.020.7

. NO
Abram Cape (st. Ne2) | <MDA | <MDA | 1.0£0.5 | 4.8+1.1 — 334+29 | 1.940.5 | 5.6+0.2 | 1.040.2
TonyaBay (st. Ne8) | <MDA | <MDA | 1.0+0.6 | 7.3t15 |0.45+0.06 | 30319 | 2.40.2 | 1.5+0.1 | 2.2+0.6
Saida Bay <MDA | <MDA | <MDA | 28.2+7.0 | 0.1+0.01 | 337423 | 1.620.5 | 2.140.4 | 2.0+0.4
YOkangs_ky Raid Strait | _\\bA | < MDA | <MDA | <MDA | 0.48:0.06 | 28525 | 1.8:0.6 | 1.4:0.4 | 1.1:0.4
(«Gremikha» Br.)
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[Mpunoxenue B 3/
Annex B 3

VY nenbHast aKTUBHOCTH PAJMOHYKIIHIOB B MPo0ax peaKux BUa0B Bogopociei: F. distichus,
Palmaria palmata, L. saccharina na yuacmrxax tpansura OSIT, BK/KT cyxoii Macchl.
Uronb-okTsi6ps 2018 1. /
Specific activity of radionuclides in samples of rare species algae: F. distichus, Palmaria

palmata, L. saccharina on SNF transit sites, Bk/kg of dry weight.

July-October 2018

Ne cT.

Cs-137 | Cs-134 |

Eu152 | Be7 | sr90 | K40 | Ra226 | Th232 | u-238

Fucus distichus

Ecyfa]\ﬁe%OKaMeHHa’I <MJA | <MJIA | <MJIA | 57.5+2.3 | 0.13£0.02 | 115197 | 111424 | 1.742.4 | 22.6+4.9
Palmaria palmata
npommB Moxkaubrexmit |y ya | viia | <mgia | 23.745.0 — 2153458 | 7.5¢1.7 | 6.4+3.6 | 38.6£9.9
peiin (ora. 'pemuxa)
Laminaria. saccharina
Ecyfa]\ﬁe%OKaMeHHa’I <MJA | <MJA | <MJIA | <MJIA — 3016+183 | 4.1#2.8 | 13.742.5 | 17.0¢5.9
Mbic AGpam (cr. Ne 2) | <MJIA | <MJIA | <MJA | <MJIA — 61546 | 1.8#0.3 | 5.6205 | 2.1:0.4
Ne st. | Cs137 | Cs134 | Eu-152 | Be7 | Sr90 | K40 | Ra-226 | Th-232 | U-238
Fucus distichus
Zf'%ag;e““aya BaY | MDA | <MDA | <MDA | 57.5:2.3 | 0.130.02 | 1151497 | 11124 | 17424 | 226449
Palmaria palmata
Yokangsky Raid Strait | _ \1np | <A | <MDA | 237150 | — 2153+58 | 7.5+1.7 | 6.4+3.6 | 38.649.9
(«Gremikha» Br.)
Laminaria. saccharina
(Bsf'%ag;e““aya Bay | MDA | <MDA | <MDA | <MDA — 3016+183 | 4.1+2.8 | 13.7+2.5 | 17.0¢5.9
Abram Cape (st. Ne 2) | <MDA | <MDA | <MDA | <MDA — 61546 | 1.840.3 | 5.6205 | 2.1:0.4

[Mpunoxenne B 4 /

Annex B 4

V nenpHasi akTUBHOCTh paJIMOHYKIIIOB B MosuTiockax M.edulis, Bk/kr ceipoii Macchl.

Wronp-okTs16ps 2018 1. /

Specific activity of radionuclides in M. edulis mollusks, Bg/kg of raw weight.
July-October 2018

Mecro otdopa npobsr | Cs-137 f,;f Eu-152 | Be-7 Sr-90 K-40 | Ra-226 | Th-232 | U-238
2;6_2[ ]\geél)OKaMeHHaﬂ <MJIIA | <MJIA | <MZA | <MJIA . 38£29i5 1.3110. 1.6110. 1.5210.
M1c AGpan (cr. Ne 2) 0.2110. <MJA | <MIA 1.3710. 0.5474_-0.0 2544 2 1.8110. 2.7210. 2.0210.
ry6a Caiina <MJIA | <MZIA | <MJIA | <MJIA — 12211 2+0.4 2'2310' 1'0210'
o 0.4110. MIA 0.7310. MITA 1.15510.1 48410 5.2410. 5.6410. 6.1510.
peiin (ota. 'pemuxa)
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Place of sample Cs- Eu- Ra- Th-

selection Co137| 134 | 152 | BeT | Sr90 | K40 | 506 | 232 | U238
Belokamennaya Bay 389+5 | 1.3+0. | 1.6+0. | 1.5%0.
(st. e 6) <MDA | <MDA | < MDA | < MDA — 2 1 1 2
Abram Cape (st. Ne 2) 0.2110. <MDA | <MDA 1.3710. 0.54710.0 2544 2 1.8110. 2.7210. 2.0210.
Saida Bay <MDA | <MDA | < MDA | < MDA — 12211 2+0.4 2'231-0' 1'0210'
Yokangs_ky Raid Strait 0.4+0. <MDA 0.7+0. < MDA 1.15+0.1 48+10 5.2+0. | 5.6+0. | 6.1£0.
("Gremikha" Branch) 1 3 S 4 4 5

[Mpunoxenue B 5/
Annex B 5

VY nenbHasi akTUBHOCTb PaIMOHYKIIMIOB B Buaax Gammaridae, bk/kr ceipoii Macchl.
Wronb-oxTs16ps 2018 1. /
Specific activity of radionuclides in Gammaridae species, Bg/kg of raw weight.
July-October 2018

MecTto oTdopa IpoOsI Cs-137 | Cs-134 | Eu-152 | Be-7 | Sr-90 | K-40 | Ra-226 | Th-232 U-238
ry6a Tons (ctT. Ne 8) 1.0£05 | <MJA | 0.4£0.1 | 5.3t0.1 | — | 142439 | 5.9+2 | 11.3+3.8 | 2.7x0.4
npouB MOKaHBICKUA |\ rra | NTA | <MJTIA | <MJIA | — | 151439 | 3.9422 | 67422 | 2.2+0.4
peiin (ora. 'pemuxa)

T'y6a Caiiza <MJA | <MJA | <MJIA | <MJIA | — [ 112426 | 2.4+1.4 | 0.8+0.4 | 12.1+2.9
Place of sample selection | Cs-137 | Cs-134 | Eu-152 | Be-7 | Sr-90 | K-40 | Ra-226 | Th-232 U-238
Tonya Bay (st. Ne 8) 1.0£05 | <MDA | 0.4£0.1 | 5.3t0.1 | — | 142439 | 5.9+2 | 11.3+3.8 | 2.7x0.4
Yokangsky Raid Strait | _\1np | < MDA | <MDA | <MDA | — | 151439 | 3.9422 | 6722 | 2204
(«Gremikha» Br.)

Saida Bay <MDA | <MDA | <MDA | <MDA | — |[112+26 | 2.4+1.4 | 0.8+0.4 | 12.1+2.9
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[Mpunoxenue C / Annex C
VenpHas akTHBHOCTH MIPUPOJIHBIX M TEXHOTCHHBIX PAIMOHYKIUIOB B KOJIOHKAX JOHHBIX OTIIOKECHHH /
Specific activity of natural and technogenic radionuclides in bottom sediments columns
[Mpunoxenne C1/
Annex C1
Cranrmst Ne 1. VienbpHas ak THBHOCTH IPHUPOIHBIX U TEXHOTCHHBIX PAaIHMOHYKIHIOB B CJIOSX JOHHBIX OTiIOKeHUi. Konbckuii 3amuB, okTsiops 2017 /
Station Ne 1. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Crauus Ne, CIi0i, VYaenbHas akTUBHOCTH, BK/KT CyX0il MacChI
KOOPAMHATHI cM 137 90gy 40K 232Th 210pp 238p, | 239.240p, 226R4 238

0-1 | 5.6+0.8 — 921472 27.3+2.7 100£12.2 — — 14.4+1.7 26.0+3.9
1-2 | 45+0.8 — 524+46 21.5+2.4 69+11.7 — — 11.4+1.8 18.2+4.5
2-3 | 42404 — 774+74 29.9+3.5 77.6£11.0 — — 12.8+2.5 16.2+5.5
Nel 3-4 | 6.5+1.0 — 914471 6.9+0.8 66.5+8.7 — — 15.4+1.5 21.3+3.3
4-5 | 6.9+1.7 — 900+75 27.2+2.8 65.8+13.9 — — 17.0+2.5 18.5+4.7
¢ =68.94933 c.11. 5-6 | 6.7+0.8 — 996+77 10.0+1.0 72.949.3 — — 16.1+1.6 22.8+3.5
2=033.01267 B.x. 6-7 6.4+0.6 — 925481 28.9+3.2 62.8+17.1 — — 14.6+2.5 18.4+5.6
7-8 | 7.1+1.0 — 922473 9.1+1.1 58.2+10.1 — — 11.0+1.6 17.9+3.9
8-9.5 | 5.8+0.6 — 745%57 6.7+5.9 48.9+5.4 — — 14.6+8.5 18.3+2.3
9.5-11 | 6.2+0.7 — 778460 6.7+0.7 46.4+5.5 — — 14.0+1.0 17.2+2.4

VnenbHas aktusHOCTS “3Cs, ©°Co, °?Eu, * Am  Bo Bcex u3MepeHHBIX po6ax Menbine MJIA.

Station Ne, Layer, Specific activity, Bg/kg of dry weight
coordinates cm 137 90gy 40K 232Th 210pp 238p, | 239.240p, 226R4 238

0-1 | 5.6+0.8 — 921472 27.3+2.7 100+12.2 — — 14.4+1.7 26.0+3.9
1-2 | 45+0.8 — 524+46 21.5+2.4 69+11.7 — — 11.4+1.8 18.2+4.5
2-3 | 42404 — 774+74 29.9+3.5 77.6£11.0 — — 12.8+2.5 16.2+5.5
Nel 3-4 | 6.5+1.0 — 914471 6.9+0.8 66.5+8.7 — — 15.4+1.5 21.3+3.3
4-5 | 6.9+1.7 — 900+75 27.2+2.8 65.8+13.9 — — 17.0+2.5 18.5+4.7
¢ =68.94933 N 5-6 | 6.7+0.8 — 996+77 10.0+1.0 72.949.3 — — 16.1+1.6 22.8+3.5
1=033.01267 E 6-7 6.4+0.6 — 925481 28.9+3.2 62.8+17.1 — — 14.6+2.5 18.4+5.6
7-8 | 7.1+1.0 — 922473 9.1+1.1 58.2+10.1 — — 11.0+1.6 17.9+3.9
8-9.5 | 5.8+0.6 — 745%57 6.7+5.9 48.9+5.4 — — 14.6+8.5 18.3+2.3
9.5-11 | 6.2+0.7 778460 6.7+0.7 46.4+5.5 — — 14.0+1.0 17.2+2.4

Specific activity of **Cs, ©Co, %2Eu, 2 Am is less than MDA in all measured samples.
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[Mpunoxenune C2 /
Annex C2

Crannus Ne 2. Y nenbHasi akTHBHOCTB ITPUPOAHBIX U TEXHOTEHHBIX PaJIMOHYKIIHIIOB B CIOSIX JOHHBIX OTNIOKeHUH. Konbckuii 3anmuB, okTs10ps 2017 /
Station Ne 2. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Cranuus Ne, . VY enbHas akTUBHOCTH, BK/KT CyX0il Macchl
KOOPIMHATHI CJCII(;H’ 137¢g 90gy 40K 232, 210pp 238p|, |239240py, | 226Rg 238
0-1 2.0+0.8 5 140.3 977+16 57.7£3.3 | 644.0£14.0 <0.1 <0.1 27.3+1.8 | 17.2+2.1
1-2 2.6+0.7 T 986+15 62.1+4.7 | 515.0+£12.0 <0.1 <0.1 254423 | 14.2+1.3
2-3 2.0+0.4 | 1.4+0.2 1252+16 66.7+4.5 405.0+8.8 <0.1 <0.1 51.6+1.2 | 32.4+2.1
34 3.8+0.5 | 2.7+0.2 838+12 43.9+2.4 | 429.0+10.0 <0.1 <0.1 25.5+1.5 | 19.6+2.3
Ne2 4-5 5.9+04 | 2.4+0.4 91549 40.6+1.8 314.046.1 <0.1 <0.1 21.6+£1.0 | 17.4+2.1
5-6 54+0.1 | 0.3+0.1 941+7 50.2+1.0 340.0+2.6 <0.1 <0.1 26.1+0.9 | 16.2+1.1
¢ =68.98033%.m1. | 6-7 6.3+0.6 | 1.7+0.1 822+14 46.4+2.7 253.0+9.9 <0.1 <0.1 24.8+0.9 | 19.6%2.1
A = 33.04483%.11. 7-8 5.0+0.7 | 0.8+0.1 801+13 50.4+2.0 222.0+£9.3 <0.1 <0.1 21.8+14 | 17.7+2.5
8-9 2.1+0.3 | 1.0+0.2 791+11 52.3+2.3 188.0+£8.5 <0.1 <0.1 17.1+1.1 | 11.2+2.6
9-10 | 1.2+0.1 — 658+10 50.9+1.7 123.0+5.4 <0.1 <0.1 16.5+2.3 | 12.3+1.2
10-11 | 1.0+0.1 — 857+11 51.2+2.6 98.2+6.5 <0.1 <0.1 14819 | 9.3x1.0
11-12 | 26.9+2.4 — 848+15 53.4+3.0 81.4+8.9 <0.1 <0.1 21.7+¢1.6 | 17.5+1.8
V nenbHas aktusHOCTH “24Cs, ®°Co, °?Eu, *Am  Bo Bcex u3MepeHHBIX pobax Menbine MJIA.
Station Ne, Layer, Specific activity, Bg/kg of dry weight
coordinates cm 137¢g 90gy 40K 232, 210pp 238p|, |239240py, | 226Rg 238
0-1 2.0+0.8 2 140.3 977+16 57.7£3.3 | 644.0+14.0 <0.1 <0.1 27.3+1.8 | 17.2+2.1
1-2 2.6+0.7 T 986+15 62.1+4.7 | 515.0+12.0 <0.1 <0.1 25.4+2.3 | 14.2+1.3
2-3 2.0+0.4 | 1.4+0.2 1252+16 66.7+4.5 405.0+8.8 <0.1 <0.1 51.6+1.2 | 32.4+2.1
34 3.8£0.5 | 2.7+0.2 838+12 43.9+2.4 | 429.0+10.0 <0.1 <0.1 25.5+¢1.5 | 19.6+2.3
Ne2 4-5 5.9+04 | 2.4+0.4 91549 40.6+1.8 314.0+6.1 <0.1 <0.1 21.6+£1.0 | 17.4+2.1
5-6 54+0.1 | 0.3+0.1 941+7 50.2+1.0 340.0+2.6 <0.1 <0.1 26.1+0.9 | 16.2+1.1
¢ = 68.98033° N 6-7 6.3+0.6 | 1.7+0.1 822+14 46.4+2.7 253.0£9.9 <0.1 <0.1 24.8+0.9 | 19.6+2.1
A = 33.04483° E. 7-8 5.0+0.7 | 0.8+0.1 801+13 50.4+2.0 222.0+9.3 <0.1 <0.1 21.8+1.4 | 17.7%¥2.5
8-9 2.1+0.3 | 1.0+0.2 791+11 52.3+2.3 188.0+8.5 <0.1 <0.1 17.1+1.1 | 11.2+2.6
9-10 | 1.2+0.1 — 658+10 50.9+1.7 123.0+5.4 <0.1 <0.1 16.5+2.3 | 12.3+1.2
10-11 | 1.0+0.1 — 857+11 51.2+2.6 98.2+6.5 <0.1 <0.1 14.8+1.9 | 9.3+1.0
11-12 | 26.9+2.4 — 848+15 53.4+3.0 81.4+8.9 <0.1 <0.1 21716 | 17.5+1.8

Specific activity of **Cs, °Co, %?Eu, 2*1Am
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[Mpunoxenne C3 /
Annex C3

Crannus Ne 3. Y nenbHasi akTHBHOCTB IMTPUPOAHBIX U TEXHOTEHHBIX PaIMOHYKIIHIIOB B CIOSIX JOHHBIX OTJIOKeHUH. Konbckuii 3anmuB, okTsi0ps 2017 /
Station Ne 3. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Cranuus Ne, Crioi, Y aenbHas akTUBHOCTH, BK/KT CyX0il Macchl

KOOp,Z[I/IHaTBI CM 137CS QOSr 40K 232Th 210Pb 238Pu 239,240Pu 226Ra 238U
0-1 |0.9+03 | 1.7+0.3 | 5330 | 20.2+1.6 | 106.046.0 <01 <01 13.7409 | 11.7+0.7
N3 1-2 | 1.2404 | 1.2+01 | 539+18 | 24.9+3.8 | 128.0+14.0 | 0.53+0.16 | 2.35+0.37 | 18.6+1.9 | 9.3*1.1
. 2.3 | 57+0.7 | 1.4+0.3 | 557+10 | 29.3+2.3 | 110.048.0 | 2.32+0.26 | 3.21+0.63 | 16.9+1.1 | 12.9+2.3
_ . 3.4 | 3.0+04 | 0.7+01 | 548+9 | 253+1.7 | 685%2.0 <01 <01 137411 | 10.4%1.0
¢ = 69.02683%.m. 77517 0405 | 1.4203 | 44048 | 206%17 | 74.1%53 <01 <01 132409 | 9.1+0.9
A =033.03867%.11 55 [ 2.6+04 | 2.6:0.4 | 425+8 | 231415 | 655+4.9 <01 <01 12.3+1.0 | 8.3+0.9
6-7 |04+02| _ | 177+8 | 94+11 | 29.8+42 <01 <01 70408 | 2.0+0.1

VnenpHas aktuBHOCTE “*Cs, ©°Co, 12Eu, 2)Am  Bo Bcex M3MepeHHbIX Mpobax MeHbIre MJIA.
Station Ne, Layer, Specific activity, Bg/kg of dry weight

coordinates cm 137 %0g, 10K 232Th 210py, 238py, 239,240p 226R4 238
0-1 | 0.9+03 | 1.7+0.3 | 5339 | 20.2+1.6 | 106.046.0 <01 <01 13.7409 | 11.7+0.7
N3 1-2 | 1.2404 | 1.2+01 | 53918 | 24.9+3.8 | 128.0+14.0 | 0.53x0.16 | 2.35+0.37 | 18.6+1.9 | 9.3%1.1
2 2.3 | 5.7+0.7 | 1.4+0.3 | 557+10 | 29.3+2.3 | 110.048.0 | 2.32+0.26 | 3.21%0.63 | 16.9+1.1 | 12.9+2.3
_ . 3.4 | 3.0+04 | 0.7+0.1 | 548+9 | 253+1.7 | 68.5+2.0 <01 <01 137411 | 10.4%1.0
¢ =09.02683°N 7 757 0405 | 1.4203 | 440+8 | 20.6+17 | 741353 |  <0. <01 | 132309 | 91+09
A=033.03867°E 55 [ 2.6+04 | 26104 | 425¢8 | 23.1+15 | 655+4.9 <01 <01 12.3+10 | 8.3%0.9
6-7 | 0402 | — | 177+8 | 94+11 | 29.8+42 <01 <01 70408 | 2.0%0.1

Specific activity of **Cs, ®Co, 2Eu, 22Am is less than MDA in all measured samples

99



[Mpunoxenne C4 /
Annex C4

Crannus Ne 5.V ienbHast ak THBHOCTB IIPHUPOJIHBIX M TEXHOTEHHBIX PaJIMOHYKIUIOB B CIIOSIX TOHHBIX OTiIOKeHHW. Konbckuit 3amuB, oktsops 2017 / Station
Ne 5. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Cranmms Ne, Croi, VY aenbHas akTUBHOCTH, BK/KT CyX0il MacChI
KOOPIMHATHI cM 137¢g 90gy 40K 232, 210p| 238p|, |239.240p, 226R4 238
0-1.5 5110 | 2.3+0.4 | 1005479 | 13.1+1.3 | 132.0+16.1 — — 18.1+1.6 | 22.6+4.3
No 5 1.5-3 44+0.6 | 0440.1 | 669+52 | 22.0+1.5 57.2+7.1 — — 12.9+0.9 | 19.3+2.9
B 3-5 44+0.8 | 1.1+0.2 | 677#54 | 20.3+14 44.9+7.0 — — 13.1+1.1 | 20.9+4.2
5-7 5.1+0.6 | 0.3+0.1 | 612+47 | 19.5+1.3 30.2+4.3 — — 12.7+£0.9 | 17.4+2.5
¢ =69.07133°c.111.
) = 33.12083%.1. 7-9 6.7£1.7 | 0.1+0.1 | 617449 | 24.1+1.7 39.3+7.0 — — 15.7+1.1 | 18.8+4.0
9-11 6.6£7.4 | 0.2+0.1 | 629+49 | 23.4#15 32.8+4.6 — — 12.1+0.9 | 18.2+2.5
11-13 4.6+0.9 | 1.1+0.2 | 1005+79 | 20.8+1.4 22.6+4.2 — — 10.8+0.8 | 14.2+2.4
VnenbHas aktuBHOCTH S34Cs, ©°Co, °2Eu, ’Am  Bo Bcex u3MepeHHBIX po6ax Menbine MJIA.
Station Ne, Layer, Specific activity, Bg/kg of dry weight
coordinates cm 137¢g 90gy 40K 232, 210p| 238p|, |239.240p, 226R4 238
0-1.5 51+10 | 2.3+0.4 | 1005479 | 13.1+1.3 | 132.0+16.1 — — 18.1+1.6 | 22.6+4.3
No5 1.5-3 44+0.6 | 0.440.1 | 669+52 | 22.0+1.5 57.2+7.1 — — 12.9+0.9 | 19.3+2.9
B 3-5 44+0.8 | 1.1+0.2 | 677#54 | 20.3+14 44.9+7.0 — — 13.1+1.1 | 20.9+4.2
¢ =69.07133° N 5-7 5.1#0.6 | 0.3+0.1 | 612+47 | 19.5+1.3 30.2+4.3 — — 12.7+£0.9 | 17.4+2.5
3 = 33.12083° E 7-9 6.7£1.7 | 0.1+0.1 | 617449 | 24.1+1.7 39.3+7.0 — — 15.7+1.1 | 18.8+4.0
9-11 6.6£7.4 | 0.2+0.1 | 629+49 | 23.4#15 32.8+4.6 — — 12.1+0.9 | 18.2+2.5
11-13 46+09 | 1.1+0.2 | 100579 | 20.8+1.4 22.6+4.2 — — 10.8+0.8 | 14.2+2.4

Specific activity of **Cs, ®©Co, °2Eu, 2Am

is less than MDA in all measured samples.
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[Mpunoxenne C5 /
Annex C5

Crannus Ne 7. Y nenbHasi akTHBHOCTB ITPUPOAHBIX U TEXHOTEHHBIX PaIMOHYKIIHIIOB B CIOSIX JOHHBIX OTIIOKeHUH. Konbckuii 3anmuB, okTsi0ps 2017 /
Station Ne 7. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Cranuus Ne, Croit, Y aenbHas akTUBHOCTH, BK/KT CyX0il Macchl

KOOpPAHMHAThI CM 137CS 908r 40K 232Th 210Pb 238Pu 239,240|:)u 226Ra 238U
0-1 |24x04| <20 51949 28.5£2.0 | 221.0£7.5 <0.1 <0.1+0 135+1.1 | 7.2+#0.9
Ne 7 1-2 11.6+£04 | <20 50848 23.4£1.5 86.7£5.1 <0.1 <0.1+0 8.9+1.2 5.9+0.8
h 2-3 1.240.2 | <20 48610 | 26.5+5.4 73.244.3 <0.1 <0.1+0 9.6+2.1 4.7+1.1
~69.10050° 3-4 1.1+0.1 | <20 512+10 | 29.1+3.6 62.1+5.6 | 0.22+0.07 | 0.23+0.01 | 10.4+1.6 | 15.543.2
§ 23361000 » |45 [06:01] <20 | 5406 | 30910 | 30435 | <01 <0130 | 11.3+0.7 | 105%1.0
— o BA " 56 [09+02] <20 | 612412 | 354409 | 27.2+2.4 <0.1 [ 0.380.04 | 14.8+3.1 | 11.4+11
6-7 1.1+0.1 | <20 659+10 | 37.9+1.8 29.616.2 <0.1 <0.1+0 16.7+£0.9 | 9.9+0.9

VnenbHas aktuBHOCTH “34Cs, ©°Co, °2Eu, Am B0 Bcex U3MepeHHBIX pobax Menbine MJIA.
Station Ne, Layer, Specific activity, Bg/kg of dry weight

coordinates cm 137CS QOSr 4OK 232Th 210Pb 238Pu 239,24O|;)u 226Ra 238U
0-1 |24+04 | <20 51949 28.5+2.0 | 221.0+£7.5 <0.1 <0.1+0 13.5+41.1 | 7.2+0.9
No 7 1-2 16204 | <20 508+8 23.4+1.5 86.7+5.1 <0.1 <0.1+0 8.9+1.2 5.9+0.8
h 2-3 1.2+0.2 | <20 48610 | 26.5+54 73.244.3 <0.1 <0.1+0 9.6+2.1 4.7+£1.1
~69.10050° N 3-4 | 11x01] <20 512+10 | 29.1+3.6 62.1£5.6 | 0.22+0.07 | 0.23+0.01 | 10.4+1.6 | 15.5+3.2
;E): 33' 36100° 4-5 10.6£0.1 | <20 540+6 30.9£1.0 30.4£3.5 <0.1 <0.110 11.3+0.7 | 10.5+1.0
oo E 5-6 ]0.9+0.2 | <20 612+12 | 35.4+0.9 27.212.4 <0.1 0.38+0.04 | 14.8+3.1 | 114411
6-7 1.1+0.1 | <20 659+10 | 37.9+1.8 29.616.2 <0.1 <0.1+0 16.7420.9 | 9.9+0.9

Specific activity of 34Cs, °Co, 2Eu, 21Am

is less than MDA in all measured samples.
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[Mpunoxenne C 6 /
Annex C 6

Cranrmst Ne 9. VienbpHas ak THBHOCTH MIPHUPOIHBIX U TEXHOTCHHBIX PAaIHMOHYKIHIOB B CJIOSX JOHHBIX OTiIOKeHUH. Konbckuii 3amuB, okTsiops 2017 /
Station Ne 9. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Cranmus Ne, Croi, VY aenbHas akTUBHOCTH, BK/KT CyX0il MacChI

KOOPIMHATEI cM 137 90gy 40K 232, 210pp 238p|, (239,240py, 226R4 238
0-2 7.2+0.9 — 756118 | 24.2+1.6 | 213.3+22.8 — — 18.1+1.1 | 20.8+2.9
2-3 8.2+2.6 — 085481 | 32.9+2.6 | 210.8+25.3 — — 19.9+1.7 | 31.9+6.1
3-4 2.1+0.4 — 178+18 | 12.0+1.1 61.8+7.0 — — 7.8+0.8 14.0£2.0
Ne 9 4-55 5.0+0.7 — 842466 | 13.0#1.2 | 113+134 — — 14.9+1.3 | 27.3£3.9
~60.18967° 5,5-7 2.7+0.3 — 791464 | 19.9+2.2 77.7£7.0 — — 21.5+2.4 | 23.0+7.4
 aate 4830‘:;" 7-8 17402 | — | 1087496 | 53454 | 43319 | — — | 22.2%34 | 28779
' o 8-9 1.8+0.2 — 845+84 | 33.8+35 61.8+2.1 — — 19.4+3.1 | 23.917.1
9-10 1.6+£0.4 — 964+76 | 36.4+25 31.246.5 — — 22.1+19 | 7.9+24
10-11 2.0£0.3 — 960+76 | 35.8+2.5 48.2+7.3 — — 14.6+1.6 | 31.4+45
11-12,5 2.3+0.8 — 037+75 | 36.0+2.6 43.3+9.0 — — 17.2+1.8 | 33.1+£5.2

VnenbHas aktuBHOCTH “34Cs, ©°Co, °2Eu, Am  Bo Bcex u3MepeHHBIX po6ax Menbine MJIA.

Station Ne, Layer, Specific activity, Bg/kg of dry weight
coordinates cm 137CS QOSr 4OK 232Th 210Pb 238|;)u 239,24O|;)u 226Ra 238U
0-2 7.2+0.9 — 756+18 | 24.2+1.6 | 213.3+22.8 — — 18.1+1.1 | 20.8+2.9
2-3 8.2+2.6 — 985+81 | 32.9+2.6 | 210.8+25.3 — — 19.9+1.7 | 31.9+6.1
Ne 9 34 2.1+0.4 — 178+18 | 12.0+1.1 61.8+£7.0 — — 7.8+0.8 14.0+2.0
- 4-55 5.0+£0.7 — 842+66 | 13.0£1.2 113+£13.4 — — 149+1.3 | 27.3£3.9
¢ =69.18967°N 5,5-7 2.7+0.3 — 791+64 | 19.9+2.2 77.7£7.0 — — 21.5+2.4 | 23.0+7.4
% = 33.56483% 7-8 1.7+0.2 — 1087+96 | 53.4+5.4 43.3£1.9 — — 22.243.4 | 28.7x7.9
' 8-9 1.8+0.2 — 845+84 | 33.8+3.5 61.8+2.1 — — 19.443.1 | 23.9+7.1
9-10 1.6+0.4 — 964+76 | 36.4+2.5 31.2+6.5 — — 22.1+1.9 7.9+2.4
10-11 2.0+0.3 — 96076 | 35.8+2.5 48.2+7.3 — — 14.6+1.6 | 31.4+4.5
11-12,5 2.3+0.8 — 937+75 | 36.0+2.6 43.31£9.0 — — 17.2+1.8 | 33.1+5.2

Specific activity of **Cs, °Co, %2Eu, *!Am s less than MDA in all measured samples.
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[Mpunoxenne C7 /

Annex C7

Cranuust Ne 11. 'V enbHast ak THBHOCTB TIPHPOJIHBIX M TEXHOT€HHBIX PaJMOHYKIIUIOB B CIIOSIX IOHHBIX OTJI0XeHMA. Konbckuit 3amuB, oktsaops 2017 /
Station Ne 11. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Kola Bay, October 2017

Crannus Ne, Crnot, VY enpHas akTMBHOCTB, BK/KT CyXoi Macchl
KOOpI[I/IHaTLI CM 137CS QOSr 4OK 232Th 210Pb 238Pu 239'240PU 226Ra 238U
0-1 | 1.4+05 | 1.840.1 | 53149 | 19.9+1.8 | 208.0+7.7 | 0.8140.12 | 1.82#0.6 | 13.1+1.1 | 9.1+08
1-2 | 52406 | 1.240.2 | 61921 | 32.2+2.1 | 2240497 | <01 <010 | 16.3+12 | 12.1+1.1
2-3 | 1.7405 | 0.2+0.1 | 570+12 | 28.9+2.5 | 223.049.8 | 0.41+0.08 | 0.9+0.09 | 13.9+1.2 | 7.7+05
o 11 34 | 12401 | 1.14#0.2 | 536+11 | 31.942.2 | 190.0+7.5 | 0.22+0.02 | 0.28+0.06 | 15.9+1.2 | 11.8+1.3
2 45 | 2406 | 0.1+01 | 707+11 | 385+2.2 | 166.0+7.3 | <0.1 <010 | 21.4+0.7 | 18.3+1.1
_ . 56 | 03+01 | 02+0.1 | 713+10 | 37.8+1.6 | 90.4+6.4 <0.1 <010 | 15.4+13 | 12.242.1
¢ =69.24667°.u1. 6707402 | 05+0.1 | 54649 | 36.9+1.9 | 85.2+6.1 <0.1 <0140 | 13.740.6 | 10.4+1.2
A=033.55267°8.1. [ 728" | 0.1+0.1 | 0.840.1 | 717+6 | 44.1+1.3 | 85.1+35 <0.1 <0.1#0 | 19.1%0.4 | 8.1%0.2
89 | 0.7¢02 | — | 718+10 | 40.1#1.8 | 59.2458 <01 <010 | 19.9+1.1 | 14.1+0.8
9-10 | 1.2401 | — | 706+11 | 48.8+2.4 | 32.845.8 | 0.3x0.03 | 0.1+0.03 | 22.3+13 | 14.242.1
10-13 | 09403 | — | 3688 | 23.1+1.0 | 47.547.2 <01 <010 | 22.9+15 | 153426
Y nenbHas aktuBHOCTh “34Cs, ©°Co, °?Eu, *’Am  Bo Bcex u3MepeHHBIX pobax Menbine MJIA.
Station Ne, Layer, Specific activity, Bg/kg of dry weight
coordinates cm 1370 90gy 40K 232 210pp 238p, 239.240p 226Rg 238
0-1 | 1.4+05 | 1.8+01 | 53149 | 19.9+1.8 | 208.0+7.7 | 0.81+0.12 | 1.82406 | 13.1+1.1 | 9.1+08
1-2 | 52406 | 1.240.2 | 619+21 | 32.2+2.1 | 224.0+9.7 | <01 <010 | 16.3+12 | 12.1+11
2-3 | 1.7405 | 0.2+0.1 | 570+12 | 28.9+2.5 | 223.049.8 | 0.41+0.08 | 0.9+0.09 | 13.9+12 | 7.7+05
o 11 34 | 12401 | 1.140.2 | 536+11 | 31.9+2.2 | 190.0+7.5 | 0.22+0.02 | 0.28+0.06 | 15.9+1.2 | 11.8+1.3
° 45 | 2.4+06 | 0.1+01 | 707+11 | 385+2.2 | 166.0+7.3 | <0.1 <010 | 21.4+0.7 | 18.3+1.1
_ . 56 | 03+01 | 02+0.1 | 713+10 | 37.8+1.6 | 90.4+6.4 <01 <010 | 15.4+13 | 12.242.1
¢ = 69.24667°N 6-7 | 0.7+0.2 | 0.5+0.1 | 5469 | 36.9+1.9 | 85.2+6.1 <01 <0140 | 13.740.6 | 10.4+1.2
A=033.55267°€ 7-8 | 01401 | 0.8+0.1 | 717+6 | 441413 | 851435 <0.1 <0.1+0 | 19.1+0.4 | 8102
89 | 07+02 | — | 718+10 | 40118 | 59.2458 <0.1 <010 | 19.9+11 | 14.1+0.8
9-10 | 12401 | — | 70611 | 48.8+2.4 | 32.845.8 | 0.3x0.03 | 0.1+0.03 | 22.3+13 | 14.242.1
10-13 | 09403 | — | 3688 | 23.1+1.0 | 47.547.2 <01 <0.1+0 | 22.9+15 | 153+26

Specific activity of **Cs, ®©Co, *?Eu, 24
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punoxenne C 8 /
Annex C 8

Cranrmms Ne 22. YV aenbHast aKTHBHOCTD IPUPOAHBIX M TEXHOTEHHBIX PAJIHOHYKIIH/IOB B CIIOSX JOHHBIX OTJIOKCHHIH. MOTOBCKHU 3auB, OKTIOps 2017 /
Station Ne 22. Specific activity of natural and technogenic radionuclides in bottom sediments layers. Motovsky Bay, October 2017

Cranmms Ne, Croi, VY nenbHast akTUBHOCTh, BK/KT cyX0il Macchbl

KOOPJMHATHI cM 1370 90gy 40K 232 210ppy 238p, [239.240p, | 226Rg 238
0-2 1.4+0.2 — 562+43 | 16.5+10.9 | 99.4+10.5 — — 8.3+0.5 19.6+2.2
No 22 2-3 2.9+£0.6 — 998+77 | 34.6+2.8 | 148.2+18.0 — — 23.4+1.7 | 39.4+7.6
3-4 3.4+0.5 — 1049482 | 29.7+2.0 | 123.0+14.1 — — 35.8+2.2 | 38.245.1
¢ =69.57333° c.mm. 4-5 2.6+0.3 — 930+73 | 27.8+2.0 | 83.8+11.1 — — 28.1+1.9 | 24.6+4.3
A =32.48917° B.x. 5-6 2.4+0.4 — 933+72 | 27.9+1.8 80.1+9.6 — — 26.7+1.5 | 30.9+4.1
6-7 2.3+0.4 — 926+73 | 30.6+2.1 68.3+9.4 — — 245+1.8 | 33.1+5.1
7-8 2.7+0.4 — 877+68 | 28.5t£1.9 60.4+9.3 — — 24.6+1.4 | 30.1+4.0

VnensHas aktuBHOCTE “*Cs, %°Co, 12Eu, 2)Am  Bo Bcex M3MepeHHbIX Mpobax MeHbITe MJIA.

Station Ne, Layer, Specific activity, Bg/kg of dry weight

coordinates cm 137CS 908r 40K 232Th 210Pb 238|;)u 239,24O|;)u 226Ra 238U
0-2 1.4+0.2 — 562+43 | 16.5+10.9 | 99.4+10.5 — — 8.3+0.5 19.6+2.2
No 22 2-3 2.9+0.6 — 998+77 | 34.6+x2.8 | 148.2+18.0 — — 23.4+1.7 | 39.4+7.6
3-4 3.4+0.5 — 1049482 | 29.7+2.0 | 123.0+14.1 — — 35.842.2 | 38.245.1
¢ =69.57333° N 4-5 2.6+0.3 — 930+73 | 27.8+2.0 | 83.8+11.1 — — 28.1+1.9 | 24.6+4.3
A=32.48917°E 5-6 2.4+0.4 — 933+72 | 27.9+1.8 80.1+9.6 — — 26.7+1.5 | 30.9+4.1
6-7 2.3+0.4 — 926+73 | 30.6+2.1 68.3+9.4 — — 245+1.8 | 33.1+5.1
7-8 2.7+0.4 — 87768 | 28.5+1.9 60.4+9.3 — — 24.6+1.4 | 30.1+4.0

Specific activity of **Cs, %°Co, %2Eu, *!Am s less than MDA in all measured samples.
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[Mpunoxenue D / Annex D

Pe3y.HbTaTbI AaTUPOBAHUA CJIIOCB JJOHHOT'O OCaJKa B KOJIOHKAX MO COACPIKAHHUIO paJUOU30TOIIOB
210pp, 226Ra u 1¥'Cs, Konbckuii 1 MoToBCKnii 3ammBhl, OKTs6ps 2017 T. /
Dating results of bottom deposit layers in columns on the content of 2°Pb, 22°Ra and *’Cs
radioisotopes, Kola and Motovsky Bays, October 2017

Crannus Ne 1 / Station Ne 1

Citoii. oM Y enbHas akTUBHOCTB, BK/KT CyX0il MacChl Jlara, rox
5 210Pb 226Ra 137CS )

0-1 59.1+2.8 14.4%1.7 7.7x1.7 2017
1-2 38.9+2.8 11.4+1.8 6.5+1.5 2014
2-3 45.8+5.5 12.842.5 5.6£2.0 2011
3-4 38.9+1.9 15.4+1.5 8.8+1.9 2008
4-5 40.63.3 17+£2.5 9.0+2.1 2004
5-6 43.312.1 16.1+1.6 9.4+2.0 2001
6—7 37.7+4.4 14.6+£2.5 8.1+2.2 1998
7-8 35.2+2.4 11.0+£1.6 9.2+2.1 1995
8-9,5 28.8+1.7 14.6+8.5 7.9+1.7 1991
9,5-11 27.8+1.3 14.0+£1.0 8.3x1.7 1986

Layer, cm 210?);:;)euf|c act|V|ty22I63lggkg of dry welggtc - Date, year
0-1 59.1+2.8 14.4%1.7 7.7x1.7 2017
1-2 38.9+2.8 11.4+1.8 6.5+1.5 2014
2-3 45.8+5.5 12.842.5 5.6£2.0 2011
3-4 38.9+1.9 15.4+1.5 8.8+1.9 2008
4-5 40.63.3 17+£2.5 9.0+2.1 2004
5-6 43.312.1 16.1+1.6 9.4+2.0 2001
6—7 37.7+4.4 14.6+£2.5 8.1+2.2 1998
7-8 35.2+2.4 11.0+£1.6 9.2+2.1 1995
8-9,5 28.8+1.7 14.6+8.5 7.9+1.7 1991
9,5-11 27.8+1.3 14.0+£1.0 8.3t1.7 1986

Crannus Ne 2 / Station Ne 2
Citoii. oM Y enbHas akTUBHOCTB, BK/KT CyX0ii Macchl Jlara, rox
5 210Pb 226Ra 137CS )

0-1 644.0+14.0 27.3x1.8 2.0+0.8 2017
1-2 515.0+12.0 25.4+2.3 2.6+£0.7 2011
2-3 405.0+8.8 51.6x1.2 2.0+0.4 2004
34 429.0+10.0 25.5+1.5 3.8£0.5 1998
4-5 314.0+6.1 21.6x1.0 5.9+0.4 1992
5-6 340.0+£2.6 26.1+0.9 5.4+0.1 1985
6—7 253.0+£9.9 24.8+0.9 6.3+0.6 1979
7-8 222.0+£9.3 21.8+1.4 5.0+£0.7 1973
8-9 188.0+8.5 17.1+1.1 2.1+0.3 1967
9-10 123.0+£5.4 16.5+£2.3 1.2+0.1 1960
10-11 98.2+6.5 14.8+1.9 1.0+£0.1 1954
11-12 81.4+8.9 21.7£1.6 26.9+2.4 1948
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Specific activity, Bg/kg of dry weight

Layer, cm 2I0p|y 22%6R, 137 Date, year
0-1 644.0+14.0 27.3x1.8 2.0+0.8 2017
1-2 515.0+12.0 25.4+2.3 2.6+£0.7 2011
2-3 405.0+8.8 51.6x1.2 2.0£0.4 2004
34 429.0+10.0 25.5+1.5 3.8+0.5 1998
4-5 314.0+6.1 21.6x1.0 5.9+0.4 1992
5-6 340.0£2.6 26.1+0.9 5.4+0.1 1985
6—7 253.0+£9.9 24.8+0.9 6.3+0.6 1979
7-8 222.0+£9.3 21.8+1.4 5.0+£0.7 1973
8-9 188.0+8.5 17.1+1.1 2.1+0.3 1967
9-10 123.0£5.4 16.5+£2.3 1.2+0.1 1960

10-11 08.246.5 14.841.9 1.0+0.1 1954
11-12 81.448.9 21.7£1.6 26.9+2.4 1948
Crannus Ne 3 / Station Ne 3
Citoii. en Y enbHas akTUBHOCTB, BK/KT CyX0il Macchl Jlara, rox

) 210Pb 226Ra 137CS )
0-1 106.0£6.0 13.7£0.9 0.9+0.3 2018
1-2 128.0+14.0 18.6+1.9 1.2+0.4 2011
2-3 110.0+8.0 16.9+1.1 5.7+0.7 2004
3-4 68.5+2.9 13.7£1.1 3.0£0.4 1997
4-5 74.1+£5.3 13.2+0.9 7.0+0.5 1989
5-6 65.5+4.9 12.3£1.0 2.6£0.4 1982
6—7 29.8+4.2 7.0+0.8 0.4+0.2 1975

Layer, cm 21O?)pl))emflc aCtIVItyégEF?;kg of dry We|%3h7tC - Date, year
0-1 106.0+6.0 13.7+£0.9 0.9+0.3 2018
1-2 128.0+14.0 18.6+1.9 1.2+0.4 2011
2-3 110.0+8.0 16.9+1.1 5.7+0.7 2004
3-4 68.5+2.9 13.7£1.1 3.0£0.4 1997
4-5 74.1+£5.3 13.2+0.9 7.0£0.5 1989
5-6 65.5+4.9 12.3+1.0 2.6+0.4 1982
6—7 29.844.2 7.0£0.8 0.4+0.2 1975

Crannus Ne 5 / Station Ne 5
Ctoii. oM Y enbHas akTUBHOCTB, BK/KT CyX0il Macchl Jlara, rox
) 210Pb 226Ra 137CS s
0-15 132.0+£16.1 18.1+1.6 5.1+1.0 2017
1.5-3 57.2+7.1 12.9+0.9 4.4+0.6 2009
3-5 449+7.0 13.1+1.1 4.4+0.8 2000
5-7 30.2+4.3 12.7£0.9 5.1+0.6 1990
7-9 39.3+7.0 15.7+¢1.1 6.7£1.7 1979
9-11 32.8+4.6 12.1+0.9 6.6+£7.4 1969
11-13 22.6%4.2 10.8+0.8 4.620.9 1959
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Specific activity, Bg/kg of dry weight

Layer, cm 2I0p|y 22%6R, 137 Date, year
0-15 132.0+£16.1 18.1+1.6 5.1+1.0 2017
1.5-3 57.2+7.1 12.9+0.9 4.4+0.6 2009

3-5 449+7.0 13.1+1.1 4.4+0.8 2000
5-7 30.2+4.3 12.7£0.9 5.1+£0.6 1990
7-9 39.3+7.0 15.7+¢1.1 6.7£1.7 1979
9-11 32.8+4.6 12.1+0.9 6.6+£7.4 1969
11-13 22.6%4.2 10.8+0.8 4.620.9 1959
Crannus Ne 7 / Station Ne 7
Citoii. en Y enbHas aKTUBHOCTB, BK/KT CyX0i Macchl Jlara, rox
s 210Pb 226Ra 137CS )

0-1 221.0£7.5 13.5+1.1 2.4+0.4 2017
1-2 86.7+5.1 8.9+1.2 1.6x0.4 2002
2-3 73.2+4.3 9.6+2.1 1.2+0.2 1986
3-4 62.145.6 10.4+1.6 1.1+0.1 1971
4-5 30.4+£3.5 11.3+0.7 0.6+0.1 1956
5-6 27.2+2.4 14.8+3.1 0.9+0.2 1941
6-7 29.616.2 16.7£0.9 1.1+0.1 1925

Layer, cm 21O?)pl))emflc actIVItyézlgggkg of dry We|%3h7tC - Date, year
0-1 221.0£7.5 13.5+1.1 2.4+0.4 2017
1-2 86.7+5.1 8.9+1.2 1.6x0.4 2002
2-3 73.2+4.3 9.6+2.1 1.2+0.2 1986
3-4 62.1+5.6 10.4+1.6 1.1+0.1 1971
4-5 30.4+3.5 11.3£0.7 0.6+0.1 1956
5-6 27.2+2.4 14.8+3.1 0.9+0.2 1941
6-7 29.616.2 16.7£0.9 1.1+0.1 1925

Crannus Ne 9 / Station Ne 9
Citoil. oM VY nenpHas akTHBHOCTH, BK/KT CyX0# Macchl Jlata, ron
s 210Pb 226Ra 137CS )

0-2 213.3+22.8 18.1+1.1 7.240.9 2017
2-3 210.8+25.3 19.9+1.7 8.2+2.6 2009
34 61.8£7.0 7.8+£0.8 2.1+0.4 2000
4-55 113+13.4 14,9+1.3 5.0+0.7 1992
55-7 77.7£7.0 21.5+2.4 2.7+£0.3 1983
7-8 43.3+1.9 22.2+3.4 1.7+£0.2 1975
8-9 61.8+2.1 19.4+3.1 1.8+0.2 1966
9-10 31.2+6.5 22.1+1.9 1.6x0.4 1958
10-11 48.2+7.3 14.6+£1.6 2.0+0.3 1949
11-12,5 43.3+9.0 17.2+1.8 2.3+0.8 1941
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Specific activity, Bg/kg of dry weight

Layer, cm 2I0p|y 22%6R, 137 Date, year
0-2 213.3+22.8 18.1+1.1 7.2+0.9 2017
2-3 210.8+25.3 19.9+1.7 8.2+2.6 2009
3-4 61.8+7.0 7.8+0.8 2.1+0.4 2000

4-55 113+13.4 14.9+1.3 5.0+0.7 1992
5,57 77.7£7.0 21.5+2.4 2.7+0.3 1983
7-8 43.3+1.9 22.2+3.4 1.7+0.2 1975
8-9 61.8+2.1 19.4+3.1 1.84+0.2 1966
9-10 31.2+6.5 22.1+1.9 1.6+0.4 1958
10-11 48.2+7.3 14.6+1.6 2.0+0.3 1949
11-12,5 43.3+9.0 17.2+1.8 2.3+0.8 1941

Cranmus Ne 11 / Station Ne 11
Citoii. oM Y enbHas akTUBHOCTB, BK/KT CyX0il MacChl Jlara, rox
s 210Pb 226Ra 137CS 9

0-1 208.0+7.7 13.1+1.1 1.4+0.5 2017
1-2 224.0+9.7 15.3+1.2 5.2+0.6 2008
2-3 223.0+9.8 13.9+1.2 1.7+0.5 1999
3-4 190.0+£7.5 15.9+1.2 1.2+0.1 1990
4-5 166.0+7.3 21.4+0.7 2.4+0.6 1982
5-6 90.4+6.4 15.4+1.3 0.3+0.1 1973
6-7 85.246.1 13.7+0.6 0.7+0.2 1964
7-8 85.1+3.5 19.1+0.4 0.1+0.1 1955
8-9 59.245.8 19.9+1.1 0.7+0.2 1946
9-10 32.8+5.8 22.3+1.3 1.2+0.1 1937
10-13 47.5+7.2 22.9+1.5 0.9+0.3 1919

Layer, cm 21O?)pl))emflc actIVItyézlgggkg of dry We|%3h7tC - Date, year
0-1 208.0+7.7 13.1+1.1 1.440.5 2017
1-2 224.0+9.7 15.3+1.2 5.2+0.6 2008
2-3 223.0+9.8 13.9+1.2 1.7+0.5 1999
3-4 190.0+7.5 15.9+1.2 1.240.1 1990
4-5 166.0+7.3 21.4+0.7 2.4+0.6 1982
5-6 90.4+6.4 15.4+1.3 0.3+0.1 1973
6-7 85.2+6.1 13.7+0.6 0.7+£0.2 1964
7-8 85.1+3.5 19.1+0.4 0.1+0.1 1955
8-9 59.245.8 19.9+1.1 0.7+0.2 1946
9-10 32.8+5.8 22.3+1.3 1.2+0.1 1937

10-13 47.5+7.2 22.9+1.5 0.940.3 1919
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Cranuusa Ne 22 / Station Ne 22

Y nenbHast akKTUBHOCTB, BK/KT cyX0il Macchl

210pp, 226R, I37Cs Hara, ron
99.4+£10.5 8.3+0.5 1.4+0.2 2017
148.2+18.0 23.4+1.7 2.9+0.6 2005
123.0+14.1 35.8+2.2 3.4+0.5 1998
83.8£11.1 28.1+1.9 2.6+0.3 1990
80.1+9.6 26.7+1.5 2.4+0.4 1982
68.3£9.4 24.5+1.8 2.3x0.4 1975
60.4+9.3 24.6x1.4 2.7+0.4 1967

210?);;)euf|c act|V|ty22I63lggkg of dry welggtc - Date, year
99.4+10.5 8.3+0.5 1.440.2 2017
148.2+18.0 23.4+£1.7 2.9+0.6 2005
123.0+14.1 35.8+2.2 3.4+0.5 1998
83.8£11.1 28.1+1.9 2.6+0.3 1990
80.1+9.6 26.71.5 2.4+0.4 1982
68.3£9.4 24.5+1.8 2.3x0.4 1975
60.4+9.3 24.6x1.4 2.7£0.4 1967

109




