





BBeneHue

B Hacrosiee BpeMs B OTJENbHBIX
palioHaX APKTUKH CKOHLIEHTPUPOBAHO OMACHOE
"moctesanepHoe"” Hacneaue. K Hemy oTHOCSTCA
3aXOPOHEHUS PaIUOAKTUBHBIX OTXOAOB U
OeperoBas HH(paCTPyKTypa rpaxaaHCKOTO U
BOEHHOTO aTOMHOTO (oTa. 31eCh
COCPEIOTOYCHBI SACPHBIC YHEPTETHUECKIE
MCTOYHUKH U paguoakTuBHbie oTxoabl (PAO).
B To Bpemsi, kKak COBpeMEHHBIE METOIbI
MCII0JIb30BaHUSI aTOMHOM YHEPTrUy HAMHOTO
00J1ee TEXHOJIOTUYHBI, M COMTPOBOXKIAIOTCS
MOJICPHU3AIMENH U COBEPIIICHCTBOBAHUEM
UHPPACTPYKTYpbI 0€3011aCHOTO 0OpaIeHus ¢
SIEPHBIMHU OTXOJAMHU, BAXKHEHIIEH 3aadeid
cTaja JTUKBUIAIUS HAKOIUIEHHOTO OMACHOTO
Hacaenus. [Ipu ToM puCKH paguariuoOHHOTO
3arpsiI3HEHUS MPU JTIOOBIX SMU30INYECKUX
MHIUUJEHTaX C UCIOJIb30BAHUEM UCTOUHHUKOB
PaIMOaKTUBHOCTH U TIPU OOPAIICHUH C
pPaZiMOaKTUBHBIMH OTXOAAMH TPEOYIOT
MOCTOSIHHOTO W3YYEHUSI U MOHUTOPHUHTA.

[Tpubpexnas 3oua bapennera mops
OTJIMYAETCS OT OTKPBITBIX MOPCKUX aKBATOPUI
BBICOKOW COIMATILHOM BOCTPEOOBAHHOCTHIO U
MaKCHUMAJIbHOW XO3SIIICTBEHHON OCBOEHHOCTBIO
HaceneHueM. CBsI3aHHOE € ATUM HaJIU4ue
MHO)KE€CTBA UICTOYHHUKOB PaTHOaKTHUBHOTO
U3ITy4YEHUS OIpeiessieT He0OXOMUMOCTh
MOCTOSTHHOTO KOHTPOJISI COCTOSIHUSI MOPCKOM
Cpenbl B IpUOpexkbe.

B 2012-2020 rr. 66U peanu30BaHbI
POCCHUICKO-HOPBEKCKHE HAYUHO-
HCCJIEJIOBATENbCKUE MPOCKTHI, HAPABICHHbBIE
Ha U3YYCHHUE PATMOIKOIOTUYECKOTO COCTOSHUS
OKpY Karlolen cpeibl B Ipuopexxse MypmaHa.
OCHOBHBIMU UCITOJIHUTEISIMUA ITPOEKTOB
BBICTYNAJIN MypMaHCKUI MOPCKOHN
Ouonornueckuit MHCTUTYT Poccuiickoit
akanemuu Hayk (MMBU PAH) u HopBexkckas
HcclieIoBaTeNbCKash KoMnaHnus " AKBaruian-
HuBa'". MccnenoBanus ObLIN MPOBEICHBI IPU
¢unrancoBoit monaepxkke [IpaBUTEILCTBEHHOTO
[UIaHa JIEWCTBUI 10 aTOMHOM 0€30I1aCHOCTH U
OXpaHe OKpYy>Karollel Cpeibl Mo YIpaBiIeHUEM
Hopgsexckoro areHTCTBa 1O pagualiiOHHON 1
atoMHoO# 6e3omacHocTH (DSA).

B nHacrosiiiiem uznanuu B HayqyHo-
nomnyJsipHoi (opMe IpeCTaBlIeHbl OCHOBHBIE
pE3yJbTaThl, OJYYEHHBIE B XO/1€ BBHIITOJIHEHUS
3TUX paloT.

Introduction

At present, a dangerous "post-nuclear"
legacy is concentrated in certain regions of the
Arctic. It includes the disposal of radioactive
waste and the coastal infrastructure of the civil
and military nuclear fleet. Nuclear power
sources and radioactive waste (RW) are
concentrated here. While modern methods of
using atomic energy are much more
technological, and are accompanied by the
modernization and improvement of the
infrastructure for the safe management of
nuclear waste, the most important task has
become the elimination of the accumulated
hazardous legacy. At the same time, the risks of
radiation pollution in any episodic incidents
involving the use of radioactivity sources and in
the management of radioactive waste require

constant study and monitoring.
The coastal zone of the Barents Sea

differs from open sea areas in high social
demand and maximum economic development
by the population. The associated presence of
many sources of radioactive radiation
determines the need for constant monitoring of
the state of the marine environment in the
coastal area.

In 2012-2020, Russian-Norwegian
research projects were implemented aimed at
studying radioecological state of the
environment of the Murman coastal area. The
projects were carried out by the Murmansk
Marine Biological Institute of the Russian
Academy of Sciences (MMBI RAS) and
Norwegian research company Akvaplan-niva,
and supported financially by the Governmental
Action plan on Nuclear Safety and
Environmental Protection managed by the
Norwegian Radiation and Nuclear Safety
Authority (DSA).

In this publication, in popular science
form, we present the main results obtained in
the course of the implementation of these
projects.
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1. CoBpeMeHHble pPUCKU O6paLI.|,eHI/IF| C pPaanoaKTUBHbLIMU

oTXO04aMn

B 3anagnom cextope Poccuiickoit
Apxkruku bapenneBo Mope okaszanoch Hauboee
MOJIBEP>KEHHBIM PaIMOAKTUBHOMY 3arpsS3HEHUIO
BCJIEJICTBUE IIPOBOJMMBIX pPaHEe SACPHBIX
WCIIBITAHUHM, BEICOKON KOHIICHTPAIIMH OOBEKTOB
UHGPACTPYKTYPbl aTOMHOTO (IIOTa U Pa3rpy3Ku
IIOTOKOB CEBEPO-ATIIAHTUYECKUX TEUCHHI,
KOTOpBIE MEPEHOCAT 3arpsiI3HEHUS] €BPONEHCKUX
PAAMOXUMUYECKUX MTPEANPUATUI.

PagnanuonHoe 3arpsi3HeHHE
MypmaHCKOTo MpUOPEKbs 3aBUCUT HE TOIBKO
0T (hOHOBOTO 3arps3HEHUS MTOCTYMAOIIUX CIOAA
BoJl bapeniieBa Mops. 3HaYMMbIM (HaKTOPOM
JUTSL IPUOPEXKbsS SIBIISIOTCS JTOKAJIbHBIE
MCTOYHUKH paJHaliU, K KOTOPBIM OTHOCSTCS
00BeKTHl HHPPACTPYKTYPHI TPAKIAHCKOTO H
BOEHHOT0 aToMHOT0 ¢u10ToB. Cpenn HuX
HauboJee 3HAYUMbIMU C TOYKU 3pEHUS
PaAMOIKOJIOTHYECKOTO PUCKA SBIISIOTCS
xpanniuina PAO B rybe AHapeeBa Ha 3amnajze
MypmaHckoro nmobdepexnsi, B ryde Caiina B

KonbckoMm 3anmBe u B ry0e ['peMuxa Ha BOCTOKe
MypmaHckoro rmobepexss (puc. 1.1).
Haubonee BbICOKMI PUCK SMUCCUU
PaAMOHYKIIMJIOB CBSI3aH C TEXHUYECKUM
COCTOSIHMEM MYHKTOB xpaHeHusi PAO u
BbIBO30M PAO u3 Xxpanuiui B rydax AHapeesa
u ['pemuxa B MypMmaHck. XpaHuIdIe B ryoe
AHzpeeBa dKkcIutyarupyercs okoso 60 siet. B
MIPOIIIOM YYaCTKH €r0 TepPUTOPUU
3arpsI3HSUIMCH B pe3yJIbTaTe MHIIUJIEHTOB C
YTEUKOW KHUJIKUX U C MPOCHIAMHU TBEpAbIX PAO
Ha OTKpPBITOM IUIONIaIKEe XpaHeHus. Tak, B
1982r. 00beM paiMOAKTUBHBIX yTEUEK
coctaBu mpubauszurensHo 37 Thk.
JIOTIOTHUTENBHBIA PUCK 3arpsA3HEHUS CO3AAI0T
aKTUBHBIE OIEpALMU 110 IBAKyallun
PalMOAKTUBHBIX OTXO/I0B U3 I'yObl AH/IpeeBa U
I'pemuxu B MypMaHCK, T€ YIIAKOBKH C
OIIACHBIMM OTXOAAMM IEPETPYKAOTCS HA
KEJIe3HOAOPOXKHBIN TpaHcnopt (puc. 1.2; 1.3).

Puc. 1.1. Mapwpymor mpancnopmuposku u 30Hbl pUCKA paOuayOHHO20 3a2PA3HEeHUs 8

npubpedxicve Konvckoeo nonyocmposa



RADIOECOLOGICAL STATE OF ENVIRONMENT IN THE MURMAN COASTAL AREA

1. Modern risks of radioactive waste management

In the Western sector of the Russian
Arctic, the Barents Sea turned out to be the
most susceptible to radioactive contamination
due to previous nuclear tests, high concentration
of the nuclear fleet infrastructure objects and
unloading of the North Atlantic currents that
carry pollution from European radiochemical

plants.
Radiation pollution of the Murmansk

coastal area depends not only on the
background pollution of the incoming Barents
Sea waters. Local sources of radiation, which
include infrastructure facilities of the civil and
military atomic fleets, are a significant factor for
the coastal area. Among them, the most
significant in terms of radioecological risk are
storage facilities for RW in Andreeva Bay in the
west of the Murmansk coast, in Sayda Bay in
the Kola Bay and in Gremikha Bay in the east
of the Murmansk coast (Fig. 1.1).

The highest risk of radionuclide
emission is associated with the technical state of
the radioactive waste storage facilities and their
removal from storage facilities in the Andreeva
and Gremikha bays to Murmansk. The
Andreeva Bay storage facility has been in
operation for about 60 years. In the past, parts
of its territory were contaminated as a result of
incidents with leakage of liquid and with
spillage of solid RW in an open storage area.
So, in 1982 the volume of radioactive leaks.
amounted to approximately 37 TBq. An
additional risk of contamination is created by
active operations to evacuate radioactive waste
from Andreeva and Gremikha bays to
Murmansk, where packages with hazardous
waste are loaded onto railroad transport (Fig.
1.2; 1.3).

Fig. 1.1. Transportation routes and zones of risk of radiation pollution in the coast of the

Kola Peninsula
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1.2, i , L
Puc. 1.2. Cneyuanuzuposannoe cyono «Poccumay, npeonaznauennoe 01 nepegosxu
VIAKOBOK ¢ OMpabomasuium s0epHbiM MONIUEOM (pomo u3 OmKpbIMbIX UCTNIOYHUKOB)

Fig. 1.2. Specialized vessel "Rossita", designed to transport packages with spent nuclear fuel

(photo from open sources)

Eme onHa cocrasisonas puckoB
pajualOHHON ONACHOCTH BO3HUKAET IIPU
YTWJIN3ALKUU U TIOCTAHOBKE Ha JITUTEIIbHOE
xpaHeHue B rybe Caiijja peakTOpHBIX OTCEKOB
aTOMHBIX ITO/IBOJIHBIX JIOZ0K U OTCEKOB CYJI0B
TEXHOJIOTMUYECKOT0 00CTYKUBAHUS.

UTOOBI MOTYYNTH HOBBIE TAHHBIC U
[IPOAHAIU3UPOBATh PaJAH0IKOIOIHUECKOE
cocTosiHue 0apEeHIIEBOMOPCKOTO MPUOPEXKbs B
2013-2014 ronmax, a 3arem B 2017-2019 romax
MMBMU nposen ucciie1oBaHusi COBPEMEHHOTO
PaZIMO’KOIOTMUECKOTO COCTOSIHUS HKOCUCTEM U
TEHJICHIIUN B TUHAMUKE HAKOTUJICHUS
paauoHykiuaoB. COOp MaTepruaIoB BBITOTHEH
B psiie KpynHbIX TY0 Konbckoro modepesxps.
Haubonee noapoOHbIe Uccea0BaHUS
BBITIOJTHEHBI Ha Y4aCTKE HHTEHCUBHOIO
TpaHcdepa 0TX010B — B MOTOBCKOM U
KonbckoMm 3anuBax, B ryoe ['pemuxa. M3ydyeno
pacnipocTpanenue - Cs, "'Sr, “*Pu u ****Pu B
JIOHHBIX OTJIOKEHUSX, B BEPXHEM U [TTyOMHHBIX

ClOsiX BOJI, B OuoTe. Takxke ObLIN U3yUYECHBI
TUAPOJIOTMYECKHE MTPOLIECCHI , ONIPENEIAIOIINE
pacnpocTpaHeHue 3arpsi3HuTesneil B MOTOBCKOM
3aJIMBE.

[1o pe3ynbraraMm ncciaea0BaHUN MOKHO
OLICHHUTH BO3MOKHOE BIIMSIHHE MOTCHIIMAIBLHO
OTACHBIX TTOTPY30YHO-PA3TPY30YHBIX U
TPAHCIIOPTHBIX OIepaIuil ¢ paliOaKTUBHBIMU
orxogamu. O4eBUAHO, YTO AKTyaJIbHOCTh 3TUX
HCCIIEI0BAHUM COXPAHUTCS B TEUEHUE BCETO
nepuo/a ACATEIbHOCTH XPaHUIIHII U OyIeT
COXPaHSATBHCA KaKON-TO JTUTEIbHBINA MEPUOT]
IIOCJIC BBIBO3a HAaKOIUICHHKIX 3anacoB OST u
peaduiIuTay TepPUTOPUH.
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Puc. 1.3. llepecpysxa mpancnopmuuix ynako8OYHuIX KOHMEUHEpos
¢ ompabomasuwUM A0epHbIM MONIUBOM HA CNEYUATUUPOBAHHOE CYOHO «Poccumay.
Xpanunuue s10epuvix omxo0os 8 2yve Anopeesa ((homo u3 omxpvlmuix UCHOYHUKOB)

Fig. 1.3. Transfer of transport packaging containers with spent nuclear fuel
to the specialized vessel "Rossita". Nuclear waste storage facility in Andreeva Bay

(photo from open sources)

Another component of the radiation
hazard risks arises during the disposal and
putting into long-term storage in Sayda Bay of
reactor compartments of nuclear submarines
and compartments of service vessels.

In order to obtain new data and analyze
the radioecological state of the Barents Sea
coast in 2013-2014, and then in 2017-19,
MMBI conducted research on the current
radioecological state of ecosystems and trends
in the dynamics of radionuclide accumulation.
The collection of materials was carried out in a
number of large bays of the Kola coast. The
most detailed studies were carried out in the
area of intensive waste transfer - in Motovsky
and Kola bays, in Gremikha Bay.

The distribution of ’Cs, *’Sr, **Pu and
Pu in the upper and deeper water layers,
bottom sediments and biota has been studied.
The hydrological processes in the Motovsky
Bay, which determine the spread of pollutants,
were also studied.

239,240

Based on the research results, it is
possible to assess the possible impact of
potentially hazardous handling and transport
operations with radioactive waste. Obviously,
the relevance will remain during the entire
period of the storage facilities and will remain
for some long period after the removal of the
accumulated stocks of spent nuclear fuel and
the rehabilitation of the territory.
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2. WHOpaACTpyKTypa aTOMHOro ¢aoTa

Iy6a Anopeesa. Ha Gepery ryOsl
AHJIpeeBa pacmoioyKeH OJIMH U3 0ObEKTOB
saaepHoi HHPpacTpyKTyphl — «Ilmomaaka
BpemeHHoro xpaHenust PAO B ryGe AnnpeeBa»
(ITIBX). Xpanumnuiie ObIJI0 BBEIEHO B CTPOH B
1961 r. OHO IpeHa3HAYCHO AJIT BPEMEHHOTO
XpaHeHUs! 0TPabOTABIINX TETIIOBBIICIISIOMINX
COOPOK SJIEPHBIX YHEPTETUUECKUX YCTAHOBOK,
KUJKUX U TBEPIBIX PATUOAKTUBHBIX OTXOOB.
DTOT OOBEKT SBJISICTCS OTHUM U3 KPYITHESHTITHX
B EBpore xpanwui, npeiHa3Ha4YeHHbIX IS
CKJIaJTMPOBAHMS OTPAOOTABIIIETO SIEPHOTO
toruBa. OH CYUTAIICSA CAMBIM OMACHBIM B
TUTAHE PaJIMallii Ha BCEM MPOTSIKCHUH
«XOJIOAHOMY BOWHBI (puc. 2.1).

B nrone 2017 r. Hauat BeiBO3 PAO 13
BPEMEHHOI'0 XPaHUJIMIIA MOPCKUM IIyTEM Yepe3
Motosckuii u Konbckuii 3anuBbl B MypMaHCK.
BbIB03 KOHTEIHEPOB ¢ OTPabOTABILIUM

SJIEPHBIM TOIUIMBOM Ha CIIELIUAIN3UPOBAHHOM
cynHe-KoHTelHepoBo3e «Poccuray Ha 6a3y
OI'VII «Pocarompror» B Konbckuii 3a1mB
OyZleT MPOAOIIKATHCS B IJIAHOBOM PEKUME
npumepHo 10 net. B coorBercTBHU € 3TUM
BO3HUKAET HEOOXOAMMOCTh IOTYUYEHUS
MH(POPMALIUHU O PAAHOIKOIOTHIECKOM
COCTOSIHUM MOPCKOM CpeZbl U BOZMOXKHBIX
U3MEHEHUSAX 1107 BO3AECUCTBUEM IIPUPOIHBIX
WM TEXHOT€HHBIX (DAaKTOPOB B MECTaxX
IIeperpy3Ku OTXOI0B U 10 MapLIPYTy MOPCKUX
IIEPEBO30K.

Xpanunuwe PAO 6 2ybe Catioa.
[Ipenna3HayeHo Ui NOATOTOBKH
(KOHAMIIMOHUPOBAHUS) U JUIUTEIHLHOTO
XpaHEeHUs] PEaKTOPHBIX OTCEKOB MOJIBOJIHBIX
JIO/IOK, BBICOKOAKTUBHBIX KOHCTPYKIIUH IPYTHX
CY[I0B U BO3HMKAIOLIUX IPU 3TUX ONEpaLusix
TPO u XXPO (puc. 2.2).

Puc. 2.1. Ilnowaoxa epemennozo xpanenuss PAO 6 2ybe Anopeesa

(ucmounux: https://murmansk.ru/225)

Fig. 2.1. Site for the temporary storage of radioactive waste in Andreeva Bay

(source: https://murmansk.ru/225)
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2. Infrastructure of the

Andreeva Bay. On the shore of
Andreeva Bay, one of the nuclear infrastructure
facilities is located - the "Site for the temporary
storage of radioactive waste in Andreeva Bay"
(STS). The storage was put into operation in
1961. It is intended for temporary storage of
spent fuel assemblies of nuclear power plants,
liquid and solid radioactive waste. This facility
is one of the largest storage facilities in Europe
for the storage of spent nuclear fuel. It was
considered the most dangerous in terms of
radiation throughout the Cold War (Fig. 2.1).

In June 2017, the transportation of
radioactive waste from the temporary storage
facility by sea through the Motovsky and Kola
bays to Murmansk began. The removal of
containers with spent nuclear fuel on a

nuclear fleet

specialized container ship "Rossita" to the base
of the Federal State Unitary Enterprise
"Rosatomflot" in the Kola Bay will continue as
planned for about 10 years. In accordance with
this, it becomes necessary to obtain information
about the radioecological state of the marine
environment and possible changes under the
influence of natural or man-made factors in the
places of waste transfer and along the route of
sea transportation.

Radioactive waste storage facility in
Sayda Bay. Designed for preparation
(conditioning) and long-term storage of reactor
compartments of submarines and highly active
structural other ships and SRW and LRW
arising during these operations (Fig. 2.2).

Puc. 2.2. «Pecuonanvnwiii yenmp no obpaujenuto ¢ paouoakmusnoimu omxooamu Caiioa-1yoa»
C3L «CesPAO» (dhomo u3z omxpwimvix UCmMOYHUKOB)

Fig. 2.2. "The Sayda Bay Regional Center for Radioactive Waste Management" SZTs "SevRAO"

(photo from open sources)
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['y6a Caiina — 60KOBOM pyKaB
Konbckoro 3anuBa, pacnionaoxeHHbIi 60 km
ceBepHee Mypmancka (puc. 1.1). ITynkr
nonroBpemerHoro xpanenus (I1J1X)
peaktopHbix oTrcekoB AILJI B rybe Caiina Obut
co3nal B 2004 rogy. OgHako yTUIH3AUS
aTOMHBIX CyOMapHH U XpaHEHHUE Ha IJIaBy
OJIOKOB C sIIEPHBIMU PEAKTOPAMU HAuaJIKCh B
1990 rony. CoBpeMEHHOE 10JTOBPEMEHHOE
XPaHWIHILE CO3JaBaJlOCh B paMKax
nporpaMmsl «I100aapHOTO NapTHEPCTBA» MO
JUKBUJIAIUY «SJEPHOTO HACTIEAUS» U OBbLIO
oTkpbITO B 2011 1. Kak «PernonanbHbIl HEHTP
10 0OpAIIEHUIO C PaIMOaKTUBHBIMU OTXOAAMHU
Caiina-I'yoa» C31] «CeBPAO». B Hacrosiee
BpeMs LleHTp siBisieTcst OMHUM U3 TPEX
KPYNHEHIINX U CaMbIX COBPEMEHHBIX
xpanwmiy PAO ¢ nonrum cpokom
JKCIUTyaTaluu. B HEM BBINOJIHAIOTCS
CJIeyIOIINe OTepaIiu:

— YCTaHOBKA Ha CyXO€ XpaHEHHE
peakTtopHbIX oTcekoB Al

— XpaHeHHe OJIOK-YIaKOBOK, C OTCEKaMHU
CYZIOB aTOMHOTO JIEIOKOJILHOTO (JIoTa U
TEXHUYECKOTO 00CTyKUBAHUS;

— KOHJIMIIMOHUpOBaHue (pparmeHranus,
IIPECCOBaHNE, BOAOCTPYHHAs U XUMUYECKas
OYHCTKA, MaCIOPTU3ALUs) U TOJTOBPEMEHHOE
XxpaHeHue Bcex BuJoB PAO.

LenTp B Caiina-I'yGe Oyzner npuHUMAaTh
OTXO/IbI, MMOCTYTAOIINE U3 TYObl AH/IpeeBa u
xpanuiuia B ['pemuxe. OH noctpoeH Ha 6a3ze
JKUJIOTO MOCEJICHHUS, IJI€ TPOKUBAIOT
corpynnuku LlenTpa. B HEnocpeacTBeHHOM
OJIU30CTH OT HETO PACTIONOKEHBI TOCET0K
l'amxueBo, 1. AnexcanapoBck, I. CHEKHOTOpCK
u cynopeMoHTHbIH 3aBoa «Hepna» (CP3). Ha
CP3 «Hepmay» npoucxoauT yTUIH3AIHUSL
CyOMapuH U CyJJOB TEXHOJIOTHYECKOTO
obecreyeHus, ITOAr0TOBKA OJIOKOB U OJI0K-
YIaKOBOK JJIsi XpaHEHUSI.

Omoenenue «I pemuxa» CeBepo-
3anagHoro neHTpa «CeBPAO» peoprannzoBaHo
u3 6eperoBoil TexHnyeckoit 6a3zpl CeBepHOro
dnora, pyaknuonupyromuiei ¢ 1958 roga.
OtneneHne HaxXOAUTCS HA CEBEPO-BOCTOUHOM

10

no6epexne Konbckoro noimyoctposa, Ha Oepery
ry6s1 UepBsHoii B mponuse Mokaubrekuii peiin,
BbIXO/sIIEM B CBATOHOCCKHI 3a1uB bapeHiieBa
Mops (puc. 1.1). B HenocpencTBenHOM
OMM30CTH OT XPAHWIIUIIA PACTIONOKEHA KIS
30Ha 00CITY>KMBAIOIIETO TIEPCOHANA U X

cemeit —ropoa OctpoBHoU. OtneneHue
yaajaeHo oT I. MypmaHCKa K CeBEpO-BOCTOKY Ha
280 kM 1 Ha 350 KM K BOCTOKY OT BXOJa B
Konbckuii 3anuB. HazeMHbIX myTel cooOmIeHus
Otnenenne "['pemuxa" HE UMEET.

OcHoOBHOM (YHKITHEH OT/ICICHUS
SIBJIIETCSL XpaHEHUE OTPAOOTABIIETO SEPHOTO
toruiea (OSIT), B TOM 4KcCIie TOIIMBA SICPHBIX
PEAKTOPOB C KUIKOMETALTUICCKUM
TETUIOHOCUTEIIEM U PATMOAKTUBHBIX OTXOJIOB
(puc. 2.3).

JlaHHBIC IO paJMalIMOHHONW 0OCTaHOBKE
Ha TePPUTOPUN OEPEroBOi TEXHUUECKON 0a3bl
(BTB) B I'pemuxe mMaslounCICHHBI.
DKOJIOTHYECKH 3HAYMMYIO OITACHOCTh
IIPEJCTABIISIET IJI0LIAa/IKa BPEMEHHOTO
xpanenust TPO ¢ pa3menieHHbIMU Ha HEH
koHTeitHepamu ¢ OTBC u BbICOKOAKTUBHBIMU
TPO.

BbIBO3 si1EpHBIX OTXO/10B HAyajcs B
2008 roxy B paMKax COBMECTHOTO MPOEKTA
Pocaroma u @paHity3ckoro komuccapmara 1o
aToMHOM 3Heprun. K HacrosmieMy BpeMeHu ¢
TeppuTOpuu XpaHuwiuiia Beise3eHsl Bce OTBC
PEAKTOPOB C KUAKOMETAILIINYECKUM
teroHocutesnem (898 OTBC), B Tom uucie
BBITPY>KEHBI U IEMOHTHPOBAHBI BCE
MIOBPEXKICHHbIE, HEKOHIULINOHHbIE
(aBapuiiHbI€) YaCTU PEAKTOPHBIX YCTAHOBOK.
Ha cynne «Poccutay BeiBeseno 180 M TPO u3
500 v, pa3MELICHHBIX B XPaHUJIUIIE.
3asepiuenue sBakyarun scex OTBC Oyner
3aBepiieHo B 2022 romy. OTpaboTaHHOE
SJIEPHOE TOIUIMBO JIOCTABIISETCS Ha
HakonuTenbHyo wiomanaxy OI'VII
"Atomduor" B MypMaHCK ¢ ocleayoei
oTnpaBkoil Ha nepepabotky Ha [1O "Mask".
OHOBPEMEHHO MPOBOAMUTCS peadUINTALUSA
TEPPUTOPUH XPAHWIHIIIA.



RADIOECOLOGICAL STATE OF ENVIRONMENT IN THE MURMAN COASTAL AREA

Saida Bay is a lateral arm of the Kola
Bay located 60 km north of Murmansk (Fig.
1.1). The long-term storage facility (LCC) of
the nuclear submarine's reactor compartments in
Sayda Bay was established in 2004. However,
the disposal of nuclear submarines and the
storage of units afloat with nuclear reactors
began in 1990. The modern long-term storage
facility was created within the framework of the
Global Partnership program to eliminate the
nuclear legacy and was opened in 2011 as the
Sayda-Guba Regional Center for Radioactive
Waste Management of the SevRAO SZTs. At
present, the Center is one of the three largest
and most modern storage facilities for
radioactive waste with a long service life.

It performs the following operations:

- installation for dry storage of nuclear
submarine reactor compartments;

- storage of block packages, with
compartments of the nuclear icebreaker fleet
and maintenance vessels;

- Conditioning (fragmentation, pressing,
water-jet and chemical treatment, certification)
and long-term storage of all types of radioactive
waste.

The center in Sayda Bay will receive
waste from Andreeva Bay and the storage
facility in Gremikha. It was built on the basis of
a residential settlement where the employees of
the Center live. The village of Gadzhievo, the
city of Aleksandrovsk, the city of Snezhnogorsk
and the Nerpa shipyard (SRZ) are located in
close proximity to it. At the Nerpa shipyard,
submarines and technological support vessels
are being dismantled, blocks and block
packages are being prepared for storage.

The Gremikha branch of the North-West
Center SevRAO was reorganized from the
coastal technical base of the Northern Fleet,
which has been operating since 1958. The
department is located on the northeastern coast
of the Kola Peninsula, on the shore of the

Chervyanoy Bay in the Yoganskiy Reid Strait,
which overlooks the Svyatonos Bay of the
Barents Sea (Fig. 1.1). In the immediate vicinity
of the storage facility there is a living area for
the staff and their families - the city of
Ostrovnoy. The department is located at a
distance of 280 km from Murmansk to the
northeast and 350 km to the east of the entrance
to the Kola Bay. The Gremikha branch does not
have any land lines.

The main function of the department is
the storage of spent nuclear fuel (SNF),
including the fuel of nuclear reactors with a
liquid metal coolant and radioactive waste
(Fig. 2.3).

Data on the radiation situation on the
territory of the coastal technical base (BTB) in
Gremikha are scarce. An ecologically
significant hazard is posed by the SRW
temporary storage site with casks with spent
fuel assemblies and high-level SRW located
on it.

Removal of nuclear waste began in 2008
as part of a joint project between Rosatom and
the French Atomic Energy Commission. To
date, all SFAs of reactors with a liquid metal
coolant (898 SFAs) have been removed from
the storage facility, including all damaged,
substandard (emergency) parts of the reactor
facilities have been unloaded and dismantled.
The Rossita vessel removed 180 m’ of SRW
from the 500 m’ stored in the storage facility.
The completion of the evacuation of all spent
fuel assemblies will be completed in 2022.

The spent nuclear fuel is delivered to the
storage site of FSUE Atomflot in Murmansk
with subsequent shipment to PA Mayak for
reprocessing. At the same time, rehabilitation is
being carried out on the territory of the storage
facility.
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Konvckuit 3anuse. KombCkuii 3a71MB
bapeHnueBa mopst umeer
MHOTO(DYHKIIMOHAIEHOE COIUATBHOE 3HAYCHUE
st bapenu-pernona B uenom. Ero akBatopus u
no0epekbe UCTIONB3YIOTCS B TPAKIAHCKUX U
BOGHHBIX 11eJsIX. [IpOTsSKEeHHOCTH 3a7MBa paBHa
57 kM. B 3anuB BIIaJlaroT 1BE KPYIIHBIE PEKU —
Kona u Tynmoma u MHOXKECTBO MEJIKUX
BOJOTOKOB. PedHOM CTOK 00eCIIieunBacT
IMIOCTOSSHHOE CTOKOBOE TCUCHME M3 3aJIMBa B
OTKPBITOE MOpE ¥ OOHOBJIEHHE BOA. 3a CUET
temioro CeBepoaTIaHTUYECKOTO TEUEHUS 1
MPWIMBOB B 3aJIMB IMOCTYNAIOT MOPCKUE BOJIBI, a
aKBaTOPHS 3aJIMBa HE 3aMeP3aeT 3UMOM.

Konbckuii 3a1uB siBIIsSIETCS] BaKHEH IS
TpaHCHIOPTHOM apTepuen cerepa Poccun n
JIOTUCTUYECKUM LEHTPOM MOPCKOW APKTHUKH.

B Konrsckom 3amuse Haxonutest PIVII
«AToM(}I0T» — 6a3a AaTOMHBIX JIEJJOKOJIOB U
KOHEUYHBIN IIyHKT MOPCKOM TPaHCIIOPTUPOBKHU
PAO w3 xpanunui B ryoe AHapeeBa u
«I'pemuxa». B Tom umuciie, Ha IpeaIPUATUN
MIPOBOJIAT OTIEpPALUH 110 OOPAILLEHUIO C
paZlMOAKTUBHBIMU OTXOAAMHU U OTPAOOTABILUM
sJIepHbIM TOIUIMBOM. [Ipeanpustue
PacCIONI0XKEHO B IByX KMJIOMETpax OT CEBEPHOU
rpaHulel ropoga MypmaHcka.

Bcs undpacTpykTypa MOPCKOM aTOMHOU
JHEPreTUKH, Haxonsasics B Konbckom 3anuBe
TeHEepUPYET MOTEHLUATIbHbIE PUCKU
PaZAMalliOHHOTO 3arpsA3HEHMS] MOPCKOM Cpelbl U
cpenbl oouTaHus HacelneHus: MypMaHCKOM
00JIaCTH U MPUIIETAIOLIUX PaiOHOB.

Puc. 2.3. Cxema pazmewenus Omoenenus «I pemuxay Cegepo-3anaonozo yenmpa « Ces PAO»

(no oannvim cepsuca Google kapmut)
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Kola Bay. The Kola Bay of the Barents
Sea has multifunctional social significance for
the Barents Region as a whole. Its waters and
coastline are used for civil and military
purposes. The length of the bay is 57 km. Two
large rivers, the Kola and Tuloma, and many
small streams flow into the bay. The river runoff
provides a constant flow from the bay to the
open sea and renewal of waters. 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.

The Kola Bay is the most important
transport artery in the north of Russia and the
logistics center of the maritime Arctic. FSUE

Atomflot is located in the Kola Bay - the base
of nuclear icebreakers and the final point of sea
transportation of radioactive waste from storage
facilities in Andreeva Bay and Gremikha. In
particular, the enterprise carries out operations
for the management of radioactive waste and
spent nuclear fuel. The enterprise is located two
kilometers from the northern border of the city
of Murmansk.

The entire infrastructure of the marine
nuclear power industry located in the Kola Bay
generates potential risks of radiation pollution
of the marine environment and the habitat of the
population of the Murmansk region and
adjacent areas.

Fig. 2.3. Layout of the "Gremikha" Branch of the North-West Center "SevRAO"

(according to the Google maps service)

13
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3. PAINO3KOJIOTMYECKUA MOHWUTOPUHI
B MPUBPEXbE MYPMAHA 2013-2014

SKCNEQMUMA HA MAJIOMEPHOM CYAHE «BUKWUHI-2» B ABIYCTE 2013 TI.

MapmipyT 3KCIEIUITUH BKJIIOYAJT CTaHIHH C6op, 06paboTka 1 aHanu3 nMpoo
B Konbckom 3anuBe, B ry0ax Buuanbl, Ypa, Apa  MpOBOIUIIUCH C UCIIOJIb30BAHUEM
u 3anangHas Jluna (puc. 3.1). Llensto 6610 OOIIENPUHATHIX MEXTYHAPOAHBIX METOOB.
MIPOBEICHHUE UCCIIETOBAHUN B IPUOPEKHOMN [Tpo6s1 Bozibl, moBepXHOCTHOTO ciiost (0-2 cm) u
30He bapenuesa mops. Ot6op npod KEPHOB JIOHHBIX OTJIOXKEHUH, TUTOPATbHBIX
NPOM3BOAMICS Ha 16 cTaHIUAX, a TaKkKe ObLIO BOJIOPOCIEeH-MaKpO(UTOB ObUIN TOCTABICHBI B
BeimosiHeHO 4 CT/I-npodunupoBanus. nabopartoputo MMBU mi1st pagunon3oTonHoro

ananu3a. Beero: 14 npo6 Boasl, 16 npo0
MOBEPXHOCTHOTO cios (0-2 cM) u 9 kepHOB
JIOHHBIX OTJIOXKEHHUH, 4 TPOOBI BOJOPOCTIEH.

Puc. 3.1. Mapwpym skcneduyuu na manomepnom cyone «Buxune-2», 4-9 ageycma 2013 e.
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3. RADIOECOLOGICAL MONITORING
IN THE MURMAN COASTAL AREA 2013-2014

EXPEDITION ON BOARD SMALL BOAT “VIKING-2" IN AUGUST 2013

The expedition route included stations in
the Kola, Vichany, Ura, Ara and Zapadnaya
Litsa Bays (Fig. 3.1). The aim was to conduct
research in the coastal zone of the Barents Sea.
Sampling was performed at 16 stations as well
as 4 CTD-profiles were done.

The collection, processing and analysis of
samples was carried out using generally
accepted international sampling and analysis
methods. Samples of water, the surface
sediment layer  (0-2 cm), sediment cores, and
littoral macrophytes were delivered for
radioactive isotope analysis in MMBI
laboratory. In total: 14 samples of water, 16
samples of surface layer (0—2 cm) and 9 cores
of bottom sediments, and 4 samples of algae.

Fig. 3.1. Route of expedition on board small boat “Viking-2", August 4-9, 2013
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JKCNEAMUMA B TYBY AHOPEEBA, OKTSBPb 2014 T.

[ens sxcriequIuu — oTOOP MPOoO BOJIBI,
JIOHHBIX OTJIOKEHUN U MaKpo(UTOB B ryde
AnzpeeBa. DKCIEIUIHS COCTOSIIACH 29 OKTIOPs
2014 roga. Mecto otbopa npod Ha 3 CTaHIIUAX
IIOKa3aHO Ha PUCYHKE 3.2.

Co6op, 06paboTka 1 aHaIM3 TPOO
MPOBOAMIIUCH C IPUMEHEHUEM
OOIIETTPU3HAHHBIX MEXTYHAPOIHBIX METO/IOB U
HaJISKAIKUM 00pa30oM OTKaTHOPOBAHHBIX
MHCTPYMEHTOB, a TAaKXKe B COOTBETCTBUH CO
CTaHJAPTHBIMHU THAPOMETEOPOIOTHICCKIUMU
MeTtogamu. [IpoObI BOJIbI, MOBEPXHOCTHOTO CIIOS
(0—2 cm) 1 KepHa TOHHBIX OTJIOKEHUM
OTJIOXKECHHH, a TAaKKe MaKpO(UTOB ¥ PAaKOBUH
MOJUTIOCKOB OTOMpaIMCh B IPUOPEKHOM 30HE.
Bcero 0b110 0TOOpaHO M POAHATH3UPOBAHO
3 mpoObI BOMIBI, 3 TPOOBI TOBEPXHOCTHOTO CJIOS
(02 cm) u 2 KepHa JOHHBIX OTJIOKEHUH, 3
po0ObI Bojtopociei u 1 mpoba pakoBUH MUIUH.

Puc. 3.2. Cmanyuu ombopa npo6 6 patione 2yovt Anopeesa. 29 okmsops 2014 e.
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EXPEDITION TO THE ANDREEVA BAY, OCTOBER 2014

The goal of this expedition was to
conduct sampling of water, bottom sediment
and macrophytes in the Andreeva Bay.

The expedition was held on October 29, 2014.
The location of sampling at 3 stations is shown
in Figure 3.2.

Collection, processing and analysis of the
samples was conducted by applying accepted
international methods and properly calibrated
instruments, as well as in accordance with
standard hydrometeorological methods. Water,
surface layer (0—2 cm) and core of bottom
sediment as well as macrophytes and mollusk
shells were sampled from the littoral zone. In
total 3 samples of water, 3 samples of surface
layer (0—2 cm) and 2 cores of bottom
sediments, 3 samples of algae, and 1 sample of
mussel shells were taken and analyzed.

Fig. 3.2. Sampling stations in the area of Andreeva Bay. October 29, 2014
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OTBOP PAAMOSKOJIOMMYECKUX

B 2017-2018 rr. MMBH nipoBoau
0TOOp TPo6 M0 3 OCHOBHBIM HAINPABICHUSIM
(puc. 3.3):

— Mopckas 3kcnequius Ha HUC
«Jlanpaue 3eneHnb» B Konbckuii 1 MoTOBCKHI
3aJIUBBI;

— MOPCKHE UCCIIEIOBAaHUS Ha
MaJIOMEpPHBIX IIIaBCpeACcTBax B ryoe Caiina;

— IpUOPEKHBIE SKCIISAUIIMYA HA MOPCKOM

npoe B 2017-2018 rr.

naccaxupckom Tpancropte B 3ATO
OctpoBHoii (I'pemuxa).

C6op, 006paboTka U aHanIu3 nNpod
IMPOBOJUIINCH C IPUMCHCHUCM O6HIerI/IHSITI)IX
MEKIyHAPOIHBIX METOIOB H HAJJICIKALIUM
00pa3oM OTKaIMOPOBAaHHBIX HHCTPYMEHTOB, a
TAaKKC B COOTBCTCTBUH CO CTaHAAPTHBIMU
TUAPOMETEOPOIIOTHYECKUMH METOIAMHU.

SKCNEAMUMA HA HUC «OAJIbHUE 3EJNEHUbl» B OKTABPE 2017 T.

Okeneaunus nposoauiacs 2631
okTs10pst 2017 1. B KostbckoM 1 MoTOBCKOM
3anuBax (puc. 3.3). Ee uensb 3akiouanacs B
otOope mpod BOABI U JJOHHBIX OTIIOKCHHIH,
nposenennn CTD-npodunupoBanus Ha
25 cTaHIMSIX BAOJIb MapIIpyTa MOPCKOM
tpancrioptupoBku OST ot xpanunwuina B ryoe

Anzpeea a0 mwiomaau xpanenuss OI'YII
«ATtompnoT» 1 MypMaHCKOTro mopTa.

Bcero oro6pano u gocTaBieHO B
naboparoputo MMBU 51 npo6a Bozbl ¢ pa3HbIX
1youH, 36 Ipo6 moBepXHOCTHOTO ¢JIos (0—2 cm)
1 13 KepHOB JJOHHBIX OTIIOKECHUH.

SKCNEAMUMA B TYBY CAMDA (KOJIbCKUA 3AJIMB)

DKcneaunys NpoBOAWIACE B IEPUOL
¢ 23 o 26 oxts16ps 2018 . Ha aBTOTpaHCTIOPTE
U MaJIOMEPHBIX IJIaBCPe/ICTBaX (pe3nHOBas
noxaxka) (puc. 3.3). Llenpro sxciequImm 0610
MIPOBENICHUE PATUOIKOIOTHYECKUX
UCCIICIOBAHUI B aKBaTOPUH OyXTHI,
ONpeeeHNE NOTCHIMAIIBHON PaMallMOHHON

OIMMaCHOCTH B JOCTYIIHBIX JJIsI UCCICIOBAHUA
TOYKax.

Bcero orobpaHo 1 0CTaBIEHO B
nabopaTtoputo 4 poOkI BOABI, 2 MPOOBI
MOBEPXHOCTHOTO cJost (0—2 cM) JOHHBIX
OTJIOKEHUH U 3 IpOOBI BOJOPOCIIEH.

DKCNEANUMA B PAMOH XPAHWIMIWA OAT B TPEMWUXE

DKcneaunyst MpoBOAWIIACH B IIEPUO/] C
26 centsa0ps o 1 oxTsa6pst 2018 rona.
Xpannnuiie OAT ¢punnana «I'pemuxa» He
MMeeT aBTOMOOMIIBHOTO COOOIICHHUS.
Ha axBatopuu nponusa MokaHercknii peiiz, e
PAacIoNOXKEHO XPAHWIINIIE, HEe TOMTyCKAaeTCs
MPOXOJT MOPCKHUX CYJIOB KOMMEPYECKOTO U
Hay4yHOro Ha3HaueHus. CyTHO peryispHOro
naccaXupckoro coodmenus «Kmapmus
Enanckas» ucrnonbp30Baioch B KauecTBe
w1aTOPMBI JJIsl TOCTABKH IKCIIEAUIINH,
BhITIIE/IIEH U3 mopTa Mypmanck (puc. 3.3).
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[{enpro dKCIEIUIIUA - IPOBEJICHUE
HAy4HbIX PaJHOIKOJIOTHUYECKUX UCCIIEIOBAHUN
B aKBAaTOpHH NponuBa Mokausrekuii Peiin B
JOCTYIIHBIX JUJISL UCCIIEIOBAHUS TOUKAX
aKBaTOPHH, TPUJIETal0IIEH K MECTY XpaHEHHUS
OAT u TPO.

Bcero orobpano 1 10cTaBieHo B
naboparoputo 4 mpoOkI BOJBI, 2 TIPOOI
MOBEPXHOCTHOTO 1051 (0—2 CM) M KEpH TOHHBIX
OTJIOKEHUH U 3 IPoOBI BOJOPOCIEH.
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RADIOECOLOGICAL SAMPLING IN 2017-2018

During 2017-2018 MMBI conducted
sampling in 3 main areas (Fig. 3.3):

—marine expedition on board RV Dalnie
Zelentsy in the Kola and Motovsky Bays;

—marine research on small-scale
watercraft in the Saida Bay;

—coastal expeditions using marine
passenger transport in Ostrovnoy/Gremikha.

Collection, processing and analysis of the
samples was conducted by applying accepted
international methods and properly calibrated
instruments, as well as in accordance with
standard hydrometeorological methods

EXPEDITION ON BOARD RESEARCH VESSEL DALNIE ZELENTSY,

OCTOBER 2017

The expedition was conducted during
26-31 October 2017 in the Kola and Motovsky
Bays (Fig. 3.3). The purpose was to sample
water and bottom sediments, make CTD-
profilng in 25 stations along the routes of SNF
sea transportation from the storage in Andreeva
Bay to Murmansk on FSUE Atomflot storage
site.

In total 51 samples of water from different
depths, 36 samples of surface layer (0—2 cm)
and 13 cores of bottom sediments were taken
and delivered to laboratory.

EXPEDITION TO THE SAIDA BAY (KOLA BAY)

The expedition was conducted during the
period of 23 October and 26 October 2018 by
road transport and small watercrafts (rubber
boat) (Fig. 3.3). The aim of the expedition was

to conduct radioecological research in the water

area of the bay, to determine the potential
radiation hazard at points accessible for
research.

In total 4 samples of water, 2 samples of
surface layer (02 cm) of bottom sediments,
and 3 samples of algae were taken and
delivered to laboratory

EXPEDITION TO THE AREA OF GREMIKHA SNF STORAGE

The expedition was conducted during the
period of 26 September - 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 platform of the expedition
delivery leaving the port of Murmansk
(Fig. 3.3).

The purpose of the 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.

In total 4 samples of water, 2 samples of
surface layer (0—2 cm) and kern of bottom
sediments, and 3 samples of algae were taken
and delivered to laboratory.
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Puc. 3.3. Pationst 5KkcneouyiOHHbIX UCCIe008aHUll U Mecma ombopa npob 600bl,
O0HHBIX omaodicenul u buomowl 6 2017-2018 22
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Fig. 3.3. Areas of expeditionary research and points of water, bottom sediments,
and biota sampling. 2017-2018
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4. PaJNO3KONIOrMYeCcKoe COCTOAHME MOPCKOW cpejpbl

4.1. CocTosiHHE BOJHOM Cpebl.

CoBpeMeHHOE paJH03KOJIOTHIECKOE
cocrosinue bapennieBa Mmopsi 00ycloBIeHO,
IpeXk/ie BCEro, IEPEHOCOM PaIUOAKTUBHBIX
3arpsizHuTeNed n3 CeBepHoil ATnanTuku. OHH
nocTynatoT B bapeHiieBo Mmope 1 ApKTU4YeCKuit
Oacceitn ¢ BeTBiMHu CeBepo-ATIIAHTHYECKOTO
TeueHust. B 0ocCHOBHOM 3T0 cOpOCHI B
Wpnannckoe Mope CTOKOB KOMOMHATa
“Cemnmadung’. B 1990-e ronsl cOpochl
CEBEPOEBPONEUCKUMH PATOXUMUYECKUMHU
HOPEANPUATUAMU ObUTN NPAKTUYECKU
npekpaieHsl. OHaKO NMOTOK aTIaHTUYECKUX U
npuOpexHbIX Boz 13 HopBekckoro Mopst
OCTAETCs B YUCIIE OCHOBHBIX (DaKTOPOB
paIuaMoOHHOTO 3arps3HeHUs, POPMUPYIOIIUX
paaunoskonoruueckuit pon bapennesa mops.
B cBs13u ¢ 3THM, P MOHUTOPUHTE
pPaZMaOHHOTO 3arpsI3HEHUST HEOOX0IUMO
U3y4yaTb TEPMOXAJIMHHYIO CTPYKTYPY BOAHBIX
Macc. Boapl aTimaHTUYECKOTO IPOUCXOKACHUS
UMEIOT 00Jiee BBICOKYIO TEMIEPATypy U
COJIEHOCTb. VIHANKAaTOpPOM MaTepHKOBOIO CTOKA
ABJIsIeTCs Oosiee HU3Kasi COICHOCTh BOAHBIX
macc.

JIONOTHUTENBHBIM (haKTOPOM,
(bOpPMHPYIOIITUM PATHOIKOIOTHUECKUN (HOH
SBIISIFOTCS TI00AIbHBIE aTMOC(EpHbBIE
BBITIAICHU .

OCHOBHOH NOTOK 11€3US1 U CTPOHLIMS
nocrymnaeT B bapeHmeBo Mope uepe3 rpaHuiry
M. Hopakamn — o. Measexuii (The Barents
Opening). /lanee paaroakTUBHBIC BEIIECTBA
pacIpoCTpaHsIIOTCS B aKBaTOPUH MOPSI CO
CTPYSMHU TeIUIbIX TeueHui. [Iponcxoaur ux
repepacnpeesieHie U cMenenne. Baxueinyo
pOJIb B MEpEMEIMBAHUN BOJI, B IUCCUTIAIIUU U
nepepacnpeeeHHH MOCTYMAIONNX B
3aIMaIHyI0 YaCTh MOPS PaIHOAKTHBHBIX
3arpsiI3HUTENEH UTPAIOT THIPOIOTHUECKIE
(pPOHTBHI, pa3eNIoNue BOIbI C Pa3HBIMH
cBolicTBaMHU. B pesynbrare 3TUX MpoIecCoB, B
npuOpeXHBIX 3a1MBax U ppopaax Gpopmupyercs
(o paauonesus Ha yposue 1.5-2 br/m’

(puc. 4.1). B pa3ubIx yqacTkax 0eperoBoil 30HbI
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Ha HEeTO BIUSIOT TaKue (PaKTOPhI, KaK SMUCCHS
paananuu OT JOKAITbHBIX UICTOUHHUKOB U
OeperoBoii cTok. PaccmoTpum 2 Takux
MPUOPEKHBIX yJacTKa: Tyoa 3amagnas Jluma u
Konbckuii 3anus.

I'y6a 3anagnas Jluna.

N3 MeCTHBIX NCTOYHHKOB HAaMOOIBIITUH
PHCK 3arpsi3HEHUs CO37AI0T CTOKH,
MEPEHOCHUMBbIE B MOPE OT XpaHWJIHIIA B TyOe
AHJpeeBa. DTOT PUCK BbI3BaH HE TOJBKO C
BO3MOXKHBIMH yT€UKaMU 3arps3HEHHON BOJIbI,
Kak B 1982 1., OH CBSI3aH TaK¥KE C
MOTEHITUATIBFHOM OMACHOCTBIO ONepalui 1mo
BbIBO3y OAT u3 xpanunuma. Kpome storo,
B ryOe 3amanHas JIuma pa3menmarTcs 00bEKThI
UH(QPaCTPyKTypbl aTOMHOTO (UIOTA.
CymmapHblii cTok U3 ry0Obl 3anaanas Jluma
nonazgaeT B MoToBckuii 3asiuB (puc. 4.2).

Puc. 4.1. Cxema nocmynnenust mexnoeeHuvix
PAOUOHYKIIUO08 8 3ANAOHYIO 4ACHb

137 3
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4. Radioecological state

4.1. The state of the aquatic
environment.

The current radioecological state of the
Barents Sea is primarily caused by the transfer
of radioactive contaminants from the North
Atlantic. They enter the Barents Sea and the
Arctic Basin with branches of the North
Atlantic Current. Basically, these are the
discharges of wastewater from the Sellafield
plant into the Irish Sea. In the 1990s, discharges
from Northern European radiochemical plants
were practically stopped. However, the inflow
of Atlantic and coastal waters from the
Norwegian Sea remains among the main factors
of radiation pollution that form the
radioecological background of the Barents Sea.
In this regard, during radiation pollution
monitoring, it is necessary to study the
thermohaline structure of water masses.

The waters of Atlantic origin have a higher
temperature and salinity. The indicator of
continental runoff is the lower salinity of water
masses.

An additional factor that forms the
radioecological background is atmospheric
fallout of the western transfer.

The main inflow of cesium and
strontium enters the Barents Sea through the
border of the North Cape — Bear Island
(The Barents Opening). Further, radioactive
substances spread in the sea area with streams
of warm currents. They are redistributed and
mixed. The most important role in the mixing of
waters, in the dissipation and redistribution of
radioactive contaminants entering the western
part of the sea is played by hydrological fronts
separating waters with different properties. As a
result of these processes, in the coastal bays and
fjords, the background of radiocaesium is
formed at a level of 1.5-2 Bq/ m’ (Fig. 4.1).

In different parts of the coastal zone, it is
influenced by such factors as radiation emission

of the marine environment

from local sources and coastal runoff. Consider
2 such coastal areas: the Zapadnaya Litsa Bay
and the Kola Bay.

Zapadnaya Litsa Bay.

From local sources, the greatest risk of
pollution is caused by runoff transported to the
sea from the storage facility in the Andreeva
Bay. This risk is caused not only by the possible
leakage of contaminated water, as in 1982, it is
also associated with the potential danger of
operations to remove spent nuclear fuel from
the storage facility. In addition, the
infrastructure objects of the nuclear fleet are
located in the Zapadnaya Litsa Bay. The total
runoff from the Zapadnaya Litsa Bay enters to
the Motovsky Bay (Fig. 4.2).

Fig. 4.1. Inflow of technogenic
radionuclides into the western part
137

of the Barents Sea and levels of ~'Cs
in water, Bq/m’
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Puc. 4.2. Cxemamuueckoe nanpasienue cmokos us 2yo Anopeesa u 3anaonasn Jluya ¢ Momosckuii 3a1ue

BBISICHUTB Kak pacripoCTPaHsIIOTCS
palmoaKTUBHBIE CTOKHU U3 I'y0 B MOTOBCKOM
3aJIMBE MTOMOTAET N3yUeHHE KapT U
BEPTUKAIBHBIX MpoQuiIei pacrpeneneHus
COJIEHOCTHU MOPCKOM BojibI (puc. 4.3, 4.4, 4.5).

PacnpecHeHHBIE BOIBI BMECTE C
paauonykiuiamu (uesuit-137) u3 ryost
3anagHas JInna nocrynator B MOTOBCKHM
3a]IUB B BEpXHEM cioe 10 riryoun 40-50 m.
B MoTOBCKOM 3a51MBe OHU CMENINBAKOTCS C
6osnee coneHbIMU BogamMu bapeHiieBa Mops
(puc. 4.3-4.6).

Puc. 4.3. Hszmepenue sepmuxaibHozo npoguisi
memnepamypul u conenocmu ¢ nomowvio CT/[-30n0a
Fig. 4.3. Measurement of temperature and salinity
vertical profile using a CTD probe
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Fig. 4.2. Outflow directions from the Andreeva Bay and Zapadnaya Litsa Bay to the Motovsky Bay

The study of maps and vertical profiles
of seawater salinity distribution (Fig. 4.3, 4.4,
4.5) helps to find out how radioactive runoff
from the bays of the Motovsky Bay spreads.

Freshened water together with
radionuclides (cesium-137) from the Zapadnaya
Litsa Bay enter to the Motovsky Bay in the
upper layer down to a depth of 40-50 m. In the
Motovsky Bay it mixes with the saline Barents
Sea waters (Fig. 4.3-4.6).

Puc. 4.4. Ombop npob mopcroti 600vbl
Fig. 4.4. Sea water sampling
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Puc. 4.5. Pacnpedenenue conénocmu (%o) 6 nogepxnocmuom cioe 600vt 6 Momoscxom sanuse, 2017 .
Yeproii aunueli 0003HAUEHO HANPAGIEHUE 6EPMUKATLHO20 PA3Pe3d

Puc. 4.6. Pacnpedenenue conenocmu 600bt (%o)
Ha gepmuxanvbHom paspesze 6 Momogckom 3anuse.
Jlunus paspeza noxaszana Ha pucynxe 4.3.
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Fig. 4.5. Distribution of water salinity (%) in the surface layer in the Motovsky Bay, 2017.
The black line indicates the direction of the vertical section

Fig. 4.6. Distribution of water salinity (%o)
on a vertical section in the Motovsky Bay.
The section line is shown in Figure 4.3.
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Puc. 4.7. Pacnpedenenue paououzomona " Cs (bx/m3) 6 nosepxrocmmom cioe 600vi ¢ Momoeckom sanuee, 2017 2.

o 137
Puc. 4.8. Pacnpedenenue obvemnoit akmuenocmu -~ CS Ha 86epMUKAIbLHOM paspese
3
6 Momoeckom sanuse, brx/wm’. Jlunus paspesza nokazana na pucymnke 4.3.
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Fig. 4.7. Distribution of the ""Cs (Bq/m3) radioisotope in the surface water layer in the Motovsky Bay, 2017

Fig. 4.8. Distribution of the volumetric activity of "’Cs in the vertical section
in the Motovsky Bay, Bq/m’. The section line is shown in Figure 4.7.
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Koabckuii 3a1uB.

CTOK paAMOHYKIIUIOB U3
Konbckoro 3anuBa o0ycioBieH
CYMMapHbIM BIHSIHUEM
00BEKTOB HH(PACTPYKTYpPbI
BOCHHOTO aTOMHOTO ()JIOTa B
ry6ax I[lana, Onenss, Caiina, a
takxke OI'YII «Atomdor».
B paiione pasrpy3ku cToka u3
»TuX ry6 B Konbckom 3anuBe
CoJIep’KaHUE Paonu30TOIIOB
MIOBBIIIICHO U B BEPXHEM H B
MPUJAOHHOM CJIOSIX BOJBI.
B cBsi3u ¢ 3THM, Ha BBIXOJIE U3
Konbckoro 3anmBa
KOHIIEHTpAIH LIe3Usl U
CTPOHIUS OcTaeTcs Oosee
BBICOKOM, YeM B MOTOBCKOM
3anuse.(puc. 4.9, 4.10).

CosleHOCTB ¥ ypOBHU
“'Cs B Bome Konbckoro 3asmBa
CTaTHUCTUYECKU JOCTOBEPHO
B3auMMOCBsA3aHbl. Ho 3Ta CBs3b,
MO-BUAMMOMY, OTpaKaeT
CKOIUJICHHUE SIACPHOM
UHPPACTPYKTYPHI UMEHHO B
ceBepHOM KosieHe Konbckoro
3aJIMBa, IJI¢ BOALI Oosee
COJICHBIE.

. 137
Puc. 4.9. Obvémnasn akmusrnocms =~ Cs 6 6o0e Konvckozo 3anuea, 2017 2.
a — NOBEPXHOCMHUBILL CIOU 80D,
b — eepmuxanvHblil NPOPuUIL OM 1024CHO20 Koena (cm.1) 00 vixo0a uz 3anuga (cm. 25).
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Kola Bay.

The runoff of
radionuclides from the Kola
Bay is caused by the total
influence of the infrastructure
objects of the military nuclear
fleet in the Pala, Olenya, Sayda
bays, as well as FSUE
Atomflot. In the area of
discharge from these bays in the
Kola Bay, levels of
radioisotopes are increased both
in the upper and in the bottom
layers of the water. In this
regard, at the exit from the Kola
Bay, levels of cesium and
strontium remains higher than
in the Motovsky Bay.

(Fig. 4.9, 4.10).

Salinity and "V'Cs levels
in the water of the Kola Bay are
statistically reliably related. But
this connection, apparently,
reflects the accumulation of
nuclear infrastructure precisely
in the northern part of the Kola
Bay, where the waters are more
saline.

Fig. 4.9. Volume activity of "’Cs in the water of the Kola Bay, 2017

a — surface layer;

b —vertical profile from the southern part (station 1) to the exit from the bay (station 25).
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B uenom, B npubpexxse Mypmana JlokasibHBIE MTOBBIIIEHNS YPOBHEN
YPOBHH UCKYCCTBEHHBIX PAJUOHYKIIUIOB B BOZIE  OOYCJIOBJIEHBI OEPETOBBIM CTOKOM M BUXPSAMU
03Ky K poHOBBIM 1 bapennieBa mopst aJBEKIIMH BOJ| aTJIaHTUYECKOTO IMMPOUCXOKIACHUS
3HAYCHUSIM. (puc. 4.8).

Puc. 4.10. ¥YposHu 00wEmHOU akmusHoCmu paouoHyKiudo8 8 6epxHem cioe 800bl 8 npubpedicve Mypmana:
137 3 90 3
a—""Cs, Bk/m’; 6 —"Sr, Bx/m’.
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In general, in the Murman coastal area, Local level increases are caused by
the levels of artificial radionuclides in the water ~ coastal runoff and eddies advection of Atlantic
are close to the background values for the origin waters (Fig. 4.8).

Barents Sea.

Fig. 4.10. Levels of volumetric activity of radionuclides in the upper layer of water
in the Murman coastal area: a —""Cs, Bq /m’; b—""Sr, Bq /m’.
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4.2. CocTosiHME TOHHBIX OTJIOMKEHUI.

PagnoHyKJInAbI B JOHHBIX 0CAIKaX.

JIOHHBIE OTIIOKEHUST HAKATIIIMBAIOT
TEXHOTE€HHBIE PAIMOHYKIIU/IbI B PE3YJIbTaTEe
COpOIMH U30TOMIOB MUHEPATbHBIMU YaCTUIIAMU
13 OKPY’KaroUIer BOAbI MJIM HAKOTICHUS
onajarouieil Ha IHO MUHEPaIbHOU B3BECH.
B mporiecce Tpancdopmary 0caakoB B
0CAJIOYHYIO MTOPOTY UAET IEPMAHEHTHBIMN
00MeH paguOHYKIUAaMHU MEX1y BOJHOU
CpeIoif 1 MUHEpAJIaMU B )KHUJIKOU (ha3e TOHHOTO
ocajaka. B pesynprare yacth monaBimux B

0CaJIOK Pa/IMOAKTUBHBIX BEIIECTB OKA3bIBACTCS
3aXOPOHEHHOM B O0Jiee ITyOOKHEe CIIOM JOHHBIX
OTJIOKEHUH. HaCTUYHO 3TH BELIECTBA
BO3BpAIIAIOTCS B BOAHYIO CPEly B pe3yJbTare
MEePEOTIOKEHHS 1 B3My4YuBaHUs (OapOaTariym)
BEPXHETO CJIOSI OCAIKOB TCUCHUSIMHU.
[IpoucxoauT BTOpUYHOE 3arpsi3HEHUE BOJHON
cpensl (puc. 4.11, 4.12). HauGonpuryro
MOTEHLHAIbHYIO0 OIACHOCTD 3arpsi3HEHHbBIE
JIOHHBIE OTJIOKEHUS IPEICTABIISIOT B KAUECTBE
cyOcTpara oOuTaHus B OMOTOIaX JOHHBIX
YKUBOTHBIX U PBIO.

Puc. 4.11. Obpasey ucciedyemozo 0OHHO20 SPYHMA C BKAIOYEHUSMU 0OUmaroweli ¢ Hem (ayHul.
Obpasyvl benmuueckux OuUOMonos npubpecHot 30nvl Konvbcrko2o nomyocmposa

Fig. 4.11 A sample of the investigated bottom sediments with inclusions of the fauna inhabiting it.
Samples of benthic biotopes of the coastal zone of the Kola Peninsula

PaguonykJanabl B 0cajKax Ha
Y4acTKaX HMIIAKTHOIO 3arpsi3HeHMusl.

B ocangkax nmpuOpexbsi B IIETIOM, TaK XKe,
KakK ¥ B BOJIE, HAOIIOAAEeTCs JOJITOBPEMEHHOE
BJIMSTHUE MECTHBIX HCTOYHUKOB.

I'y6a AnapeeBa. OcrtaTtouHoe
NPOHUKHOBEHHUE PaIUOHYKINUIOB B MOPCKYIO

34

cpeny B pailoHE XpaHWIUIIA U B HACTOAIIEE
BpEMS JIeTIaeT y4acToOK I'yObl AHapeeBa
Hau0OoJee 3arpsI3HEHHBIM 10 CPABHEHUIO C
JIPYTUMU y4aCTKaMH MPUOPEXbs. 31eCh
COXPAaHSIETCs OTHOCUTEJIbHO MOBBIILICHHBIN
JIOKJIbHBIN ()OH KOHIIEHTPAIHH “"Cs u "Sr
(puc. 4.13).
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4.2. The state of bottom sediments.

Radionuclides in bottom sediments.

Bottom sediments accumulate
technogenic radionuclides as a result of the
sorption of isotopes by mineral particles from
the surrounding water or the accumulation of a
mineral suspension falling to the bottom.
During the transformation of sediments into
sedimentary rock, there is a permanent
exchange of radionuclides between the water
and minerals in the liquid phase of the bottom
sediment. As a result, part of the radioactive
substances falled in the sediment is buried in
deeper layers of bottom sediments. Partially,
these substances return to the aquatic
environment as a result of redeposition and
turbidity (bubbling) of the upper layer of
sediments by currents. So secondary pollution

of the aquatic environment occurs (Fig. 4.11,
4.12). Contaminated bottom sediments
represent the greatest potential danger as a
habitat in biotopes of benthic animals and fish.

Radionuclides in sediments in impact
pollution areas.

In the sediments of the coastal arca as a
whole, as well as in the water, there is a long-
term influence of local sources.

Andreeva Bay. The residual penetration
of radionuclides into the marine environment in
the storage area is still making the Andreeva
Bay area the most polluted in comparison with
other coastal areas. Here, a relatively increased
local background of 'Cs and *'Sr levels
remains (Fig. 4.13).

Puc. 4.12. Ombop kepna donnoco ocaoka uz onovepnamesis 6an Buna c nomouwbio niacmukog8ol mpyoxu
Fig. 4.12. Sediment core sampling from van Veen grab with a plastic core tube
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bbu10 0oT™MEueHo, YTo 3arpsi3HEHHE TOYEUHBIX UCTOUHHUKOB PAJUOHYKINIOB, TAKUX,
AKBATOPUU UMEET NEPUOAUYECKUN, CE30HHBIN KaK, pyubd B MECTHBIX OyXTaxX U cTapble
Xapakrep. 3arpsi3HeHUe COBPEMEHHOIO €05 IIPOCHINH OTXOJ0B y nupca. [Ipu aTom ypoBHU
0CaJIKOB BOJTM3U XpaHWINIIA (PparMeHTapHO. TEXHOT€HHBIX PaJIMOHYKIIUIOB 3/1eCh HE

Bricokue KOHIICHTpAIIUU JIOKATH30BAHbI BOJIM3U  MPEBBIIIAIOT O€30MaCHBIX 3HAYCHUIA.

Puc. 4.13. ¥Ypoenu paouonykiudos 6 eepxnem (0—2 cm) cnoe OOHHbIX OMA0JICEHULL
60nuszu xpanunuwia PAO 6 eybe Anopeesa (br/ke cyxoit maccot), 2013 e.
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It was noted that the pollution of the of radionuclides, such as streams in local bays
water area is of a periodic, seasonal nature. and old waste spills at the pier. At the same
Contamination of the modern sediment layer time, the levels of technogenic radionuclides
near the storage is fragmentary. High here do not exceed safe values.

concentrations are localized near point sources

Fig. 4.13. Radionuclide levels in the upper (0-2 cm) layer of bottom sediments
near the radioactive waste storage facility in Andreeva Bay (Bq/kg dry weight), 2013
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MotoBckuii 3a1uB. B ocankax ryOs1 3anajHas JIumma B BOCTOUHOM
MOTOBCKOT0 3aJ11MBa OTHOCUTEILHO HaIlpaBJI€HUH, BMECTE C YBEIMUYECHUEM
MOBBIIICHHBIE KOHIICHTPAIINH 11€3HUs TyOWHBI ¥ aKKyMYJISIIMEH Ha JTHE
acCOIMUPYIOTCS ¢ yryOnenusimu aHa. Poct TOHKOJIUCIIEPCHOM B3BeCH (puc. 4.14).

YI[CHLHOP'I AKTUBHOCTH IPOUCXOAUT OT YCThA

137 90
Puc. 4.14. Yoenvnas akmuenocms ~'Cs (a) u Sr (6) 6 sepxnem (0-2 cm) croe 0onno2o ocaoxa
Momosckozo u Konvckoeo 3anusos, br/ke cyxou maccol. 2017 e.
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Motovsky Bay. In the sediments of specific activity occurs from the mouth of the
Motovsky Bay, relatively increased Zapadnaya Litsa Bay eastward, together with an
concentrations of cesium are associated with increase in depth and accumulation of fine
depressions in the bottom. An increase in suspended matter at the bottom (Fig. 4.14).

Fig. 4.14. Specific activity of "'Cs (a) and "'Sr (b) in the upper (0-2 cm) layer of the bottom sediment
in the Motovsky and Kola bays, Bq/kg dry weight. 2017
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Koubckuii 3a,1uB.

I'my6una Kosbckoro 3anauBa pacteT oT
I0)KHOTO K CEBEpHOMY KoJieHy. Ha Brixone u3
3aJIMBa HAXOAUTCS XapaKTEePHbIH s
IPOJI0JIBHOTO NMpoduiIst [Ha GHOPIAOB OPOT
(puc. 4.10). U3-3a aToro nopora HakoIJIEHUE
0CaJIOYHOr0 MaTepualla MPOUCXOIUT B
1yOoKo# yacTu 3anuBa. COOTBETCTBEHHO
KOHIIEHTPAIHSI PaIMOHYKIIA/IOB MOBHIIIICHA B

JIOHHBIX OCaJKaX €ro CpeHel U CEBEPHOM
qacrteii (puc. 4.14). B urore oka3siBaeTcs, 4T0o
ocasiku B KosbckoMm 3aiiiBe Oosiee 3arpsi3HEHBI,
yeMm B MoTtoBckom 3anuBe (puc. 4.15). Ho B
LIEJIOM YPOBEHb 3arpsiI3HEHUS] HU3KHM,
HECpPaBHUMO HUXKE, YEM B 0cajJKax Oyin3
XpaHuwiniia B ryoe Anapeesa. Pannonzoromnst
wiytonus - Pu u *’*“Pu BcTpeuarorcs B
ocaJiKax 3MHU30JUYECKU B OYEHb HU3KON
KOHLIEHTpAL1H.

137
Puc. 4.15. Yoenvnas akmusnocms ' Cs 6 ocaokax Konvcrkozo u Momoeckozo 3anueos, 2017 2.
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Kola Bay.

The depth in Kola Bay increases from
the southern part to the northern part. At the exit
from the bay, there is a bottom rise typical for
longitudinal profile of the fjord bottom
(Fig. 4.10). Because of bottom rise, the
accumulation of sedimentary material occurs in
the deep part of the bay. Accordingly, the levels
of radionuclides are increased in the bottom

sediments of its middle and northern parts

(Fig. 4.14). As a result, it turns out that the
sediments in the Kola Bay are more polluted
than in the Motovsky Bay (Fig. 4.15). But on
the whole, the level of pollution is low,
incomparably lower than in the sediments near
the storage facility in Andreeva Bay. Plutonium
radioisotopes “*Pu and ****"Pu are occasionally
found in sediments in very low levels.

Fig. 4.15. ""Cs specific activity in sediments of the Kola and Motovsky bays, 2017
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IIposus Mokanbrekuii peiia
(otnenenne «I'pemuxar).

I'mpponornueckuil pesxum MpoJIvBa
Noxkanbrexuii pei1, e pacioyoKEHO
xpanuuie PAO «I'pemuxa», xapakTrepusyercs
AKTUBHOUW T'MJIpOJIMHAMUKOM. B pe3ynbprare
3TOrO 3€Ch COXPAHAETCS HU3KUN YPOBEHb
paZialliOHHOIO 3arpsA3HEHMSI CPENbI B OTIINYHE
OT JPYTUX MOTEHIMAIBHBIX 30H UMIIAKTHOTO
paZallMOHHOrO 3arpsA3HeHUsl. JlOHHBIN IPyHT
3/1eCh IIPEJICTABIEH B OCHOBHOM KaMEHHBIM

MaTepHajIoM C BKIIFOYCHUSMH WIHCTBIX TTECKOB.
Takue oTIOXKEHUS IJI0XO YACPKUBAIOT
BO3MOXKHBIE 3arpsi3HeHus. [loaToMy nuib
BOJIM3M PaCIOIOKEHHS TEXHOIOTHYECKOH
Iomaaku otaeneHus «I pemuxa» ormeyaercs
OTHOCHUTENILHOE TIOBBIILEHHE COlepKaHus ~ Cs
u 'St B foHHOM ocajke (puc. 4.16). OnHakxo
TAKO€ MMOBBIIICHUE CTATUCTHYECKH HE3HAYNMO U
COOTBETCTBYET 0011eMy (POHY pagralliOHHOTO
3arpsi3HeHus npudpexps (puc. 4.17).

Puc. 4.16. Yposnu paduonyxknudos 6 600e u OOHHbIX OCAOKAX
60auzu omoenenus «I pemuxay, 2018 e.
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Yokangsky Raid Strait (Gremikha Such deposits do not retain potential
branch). contamination. Therefore, only near the location
The hydrological regime of the of the technological site of the Gremikha branch
Yokangsky raid strait, where the RAO is a relative increase of "'Cs and "’Sr levels in
Gremikha storage facility is located, is the bottom sediment noted (Fig. 4.16).
characterized by active hydrodynamics. As a However, such an increase is statistically
result, a low level of radiation pollution of the insignificant and corresponds to the general
environment remains here, in contrast to other background of radiation pollution of the coastal
potential zones of impact radiation pollution. area. (Fig. 4.17).

Here bottom sediments are mainly represented
by stone material with inclusions of silty sands.

Fig. 4.16. The levels of radionuclides in water and bottom sediments
near the Gremikha branch, 2018

43



PAIIOSKOJTOTMYECKOE COCTOAAHUE OKPYXAIOLWEW CPELblI B MPUBPEXbE MYPMAHA

IIpudpexbe Mypmana. ATJIaHTHYECKUE BOJIbI CO3/1at0T

B noHHBIX 0caakax npuOpexps B PaJUOAKTUBHBIE OTMETKU B TEOXUMHUYECKHUX
IIeJIOM, TaK)Ke KaK U B BOJIE, HAOMIOIaeTCst XapaKTepPUCTUKAX 0CaJ04YHbIX c10eB. OHU
JIOJITOBPEMEHHOE BIIMSHAE MECTHBIX OyZlyT COXpaHATBCSI HEKOTOPOE BPeMs, I0Ka 3TH
HCTOYHUKOB PaIUOHYKIINIAOB U 3aTOKa OCaJaKHu HE 6y,Z[YT Pa3MbITBI U PACCCSAHBI HA
aTJTAHTUYECKUX BOJ. OKpPYXKarolel TEPPUTOPUH WIIN 3aXOPOHEHBI

OJ CJIOEM HOBEUIIINX OTIOKEHUI.

90

Puc. 4.17. Yoenvnas axmusnocmo ' Cs (a) u "’Sr (6), Bx/ke cyxoii maccul, 6 OOHHBIX 0CAOKAX NPUBPENCHA

Mypmana, 2017 2.
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Murman Coastal Area. Atlantic waters create radioactive

In the bottom sediments of the coastal markers in the geochemical characteristics of
area as a whole, as well as in the water, a long- sedimentary layers. They will persist for some
term influence of local radionuclides sources time until these sediments are eroded and
and Atlantic waters inflow is observed. dispersed in the surrounding area or buried

under newest sediments.

Fig. 4.17. Specific activity of *'Cs (a) and ”’Sr (b), Bq/kg dry weight, in bottom sediments of the
Murman coastal area, 2017
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5. OueHKa 3arpsA3HeHus buoTbl

CriocoGHOCTh BOIOpOCIEH-MaKpO(PUTOB
HaKaIJINBATh PaAHOAKTHBHBIE U30TOIBI 3aBUCHT
OT KOHLICHTPAIIUHU PaMOHYKIIHJIOB B BOJIE, OT
COJICHOCTH MOPCKOHM BOJ/IbI U BPEMEHHU
HAXOKJICHHSI PACTEHHUI Ha OCYIIIKE B YCIOBHIX
arMocdepbl, TOITOMY UMEHHO BOJIOPOCIIU
Y4aCTO UCTIONB3YIOTCS B UCCIICIOBAHUAX
PaIMOAKTHBHOTO 3arpsA3HEHNS BOJOEMOB
(puc. 5.1).

Bonopocau cemericta pykycon
(Fucaceae) naubosnee pacpocTpaHeHsbI
B OTKPBITOM Npudpexse MypmaHa, B rydax u
3aJIMBaXx.

Fucus vesiculosus - camblii MACCOBBII Fucus vesiculosus
M0 PacIpOCTPAHEHHOCTH 1 OMoMacce BUJ
(dyKycoB, OOMTAOIINI Ha OOCHIXAIOIICH YacTH
nmutopaiu. [Ipo6sl aTOTO BUAA COOpaHBI HA BCEX
craniusax B KonsckoMm 3anuse, rybe Caiiga u
nponuse Mokanbrekuii peii.

B GonpmmHCTBE 11PO0 Fucus vesiculosus
U3MepeHHast yAelbHasi aKTHBHOCTh
TEXHOTE€HHBIX U30TOMOB ObllIa HIKE
MUHUMAJIBHO JICTEKTUPYEMOUW aKTHBHOCTH
(MJIA), peructpupyemoii anmaparypoi. B ryoe
Caiina u B BepuinHe Kosbckoro 3anuBa
obHapyxeH " Cs, B paiioHe MbIca MUIIYKOB U
meica A6pam — *'Cs n 'Eu. Conepsxanne "'Cs
B BOZIOpOCIIsIX B BepimHe Konbckoro 3anmBa
OBLJI0 BABOE BHIIIIE, 4eM B ryOe Caiina.
O4eBHUIHO, YTO TP OYEHb HUZKHUX
KOHIIEHTPALHAX PaMOHYKINI0B BOIOPOCIH B Ascophillum nodosum
paiione Mpica MUIIIyKoB ¥ MbIc AGpam
UCTIBITHIBAIOT OOJIBITICE BIUSHUEC TEXHOTCHHOTO
3arps3HeHus, T.K. B JaHHOM paiioHe Puc. 5.1.a.

PaCIIONOKEHO NPEINPHATHE «ATOMMIOTY. Obpasyvr 6000pocaeti-makpodumos,
AKTHBHOCTb 6eTa-H3IIydarels 0gr cobpannvle szﬂ PAOUOIKOLOSUYECKUX
HE3HAYUTEIIbHA, TIPU 3TOM B TIpo0ax u3 uccnedosanutl

Kosnbckoro 3anuBa (Mbic MunykoB)
KOHIIEHTPAIHS PaTUOHYKIINAA OKa3aIach
NpUOTU3UTEIHLHO BIBOE BBIIIE, YEM B IIPOJIMBE
Moxansreknii peiin (puc. 5.2).

Fig. 5.1.a.
Algae-macrophytes samples
collected for radioecological researches
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5. Assessment of biota pollution

Seaweed-macrophytes ability to
accumulate radioactive isotopes depends on
radionuclides concentration in the water,
seawater salinity and the time that plants spent
on drying in atmosphere conditions. That is why
macrophytes are often used in radioactive
contamination research of water bodies
(Fig. 5.1).

Algae of the family Fucaceae are the
most common algae in the open part of Murman
coastal area and in bays and inlets.

Fucus vesiculosus is most dominant
species on occurrence and biomass that inhabits
in the drying part of the littoral zone. Samples of
this species were collected at all stations in the
Kola Bay, Sayda Bay, and the Yokangsky raid
Strait.

The measured specific activity of
technogenic isotopes was lower than the
minimum detectable activity (MDA) recorded by
the equipment for the majority of Fucus
vesiculosus samples. 'Cs was found in Saida
Bay and in the top of Kola Bay, “*Cs and “Eu in
the area of Mishukov Cape and Abram Cape.
“'Cs content in algae at the top of the Kola Bay
two times higher than in Saida Bay. Obviously
that at very low radionuclides concentrations
algae in the area of Mishukov Cape and Abram
Cape experience greater influence of technogenic
contamination, because of the presence of FSUE
«Atomflot» in this area. The activity of beta
emitter *’Sr was insignificant, at the same time
concentration of this radionuclide in the samples
from the Kola Bay (Mishukov Cape) was
approximately twice higher than in the
Yokangsky Raid Strait (Fig. 5.2).

Fucus disticus

Laminaria saccharina

Puc. 5.1.0.

Obpa3zybl 6000pPOCAE-MAKPOPUMOE,
cobpanHbvle 01 pAOUOIKONOSULECKUX
ucciedo8anutl

Fig. 5. 1.b.
Algae-macrophytes samples
collected for radioecological researches
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Puc. 5.2. Yoenvnasn akmusnocmo uckyccmeeHHuIX paouoHyKIud06 8 6000pociax (br/ke cyxou maccoi),

uronb-okmaops 2018 a.

Bonopocnu Ascophillum nodosum
TaKXKe ITMPOKO PACIPOCTPAHEHBI B IPUOPEKDHE.
CopeprkaHue TEXHOTEHHBIX TaMMa-
U3JTYYAIONUX PAJTHOHYKIIUIOB B 3TUX
BOJIOPOCIISIX aHAJIOTHYHO UX COJCPKAHUIO B
Fucus vesiculosus 1 peaKo MpeBbIIIAI0T
3HaueHus MJIA. 3HaunMble KOHIIEHTPALIMKU
“'Cs obHapysxeHsl B pobax Ascophillum
nodosum u3 ryosl benokamenHas u paiioHa
Mbica MumtykoB, “Eu mpucyTCTBOBAT B
BOJIOpOCIIsiX U3 ryObl ToHs U palioHa MbIca
A6pam. Conepsxanue 'St 0Ka3aaoch
NPaKTHYECKU OJMHAKOBBIM B palloHe MbICa
Abpawm, ryoe Tonst u mponmBe MokaHbrckuii
peun (puc. 5.2).

[Ipo6s1 Bogopocnu Laminaria
saccharina coOpaHbl B NTyOMHHOW 30HE
mutopanu. Ha yuacTok y mpica AOpam MOKET
pPacpOCTPAHITHCS BIAUSHUE MIPEANPUATHS
«AtoMproT». OgHaKO B TAJIZIOMaxX BOAOPOCIU
Laminaria saccharina w3 Konbckoro 3anusa,
yaenbHasi aKTUBHOCTh TEXHOT€HHBIX FAMMa-
U3ITYYaIONUX PAJHOHYKINI0B ObllIa HIKE
MJIA, 4T0 OTIMYaeT ux oT PyKOUI0B,
OOHTAIOIINX B 3TOM K€ PallOHE B «30HE»
OCYLIKH.
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JKvi3HEeHHbIE IUKIIBI OPTaHU3MOB
3000€HTOCA B CPEHEM COCTABISIOT 49 JIeT.

B teuenue cBoelt KU3HU 0OUTATEI MOPCKOTO
JTHA B MPOIIeCcCe IbIXaHUs U MUTAHUS
W3BIICKAIOT U3 TIPUIOHHBIX BOJ U JOHHBIX
OTJIOKEHUH HE TOJBKO MUTATEIIbHBIC BEIIECTBA,
HO U 3arpsi3HEHUs], B TOM YHUCIIE U
PaIMOAKTUBHBIE YaCTUIIBI.

JI1st mcenmeioBaHril B KQUeCTBE
TECTOBBIX OEHTOCHBIX OPraHU3MOB BBIOPAHBI
MOJUTIOCKU-(bunbTparopsl Mytilus edulis —
OOBIKHOBEHHAS] MUIHSI, 1 OCHTOCHBIC
paxooOpasueie Gammaridea.

CopeprxkaHnue TEXHOTEHHBIX TaMMa-
M3ITyYaIoUX PAAUOHYKIUOB B MUTUSX
Mpytilus edulis Ha uccneayeMbIX ydacTKax
HU3KO€, U3MEPEHHAsl y/ieJbHasl aKTUBHOCTH B
OonpmuHcTBE NP6 HIke MIIA. Y MbIca
Abpam u B niponuBe MoKaHBICKUil peiis
oOHapy>KeHbI HU3KHE, HO JIOCTOBEPHO
3HauMMble KoHneHTpanun - Cs, “’Sr u “Eu
(puc. 5.3).

B nccnenyeMbix BUgax pakooOpa3HbIX
cofiepKaHle TEXHOT€HHBIX TaMMa-U3Ty4darouxX
panuoHyKiIna0B HUKE MJIA, 3a HCKITFOUEHUEM
raMmapycoB u3 ryObl ToHsI, B KOTOPBIX
KoHIeHTpanus - Cs cocrasnser 1 Br/kr u
0OHAPYKEHO CIIET0BOE KOMMUECTBO ' Eu
(puc. 5.3).
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Fig. 5.2. Specific activity of artificial radionuclides in algae (Bq/kg dry weight), July-October 2018

Ascophillum nodosum algae are also
widely distributed in the foreshore. The content
of technogenic gamma-emitting radionuclides
in these algae is similar to the content in Fucus
vesiculosus and rarely exceeds the MDA value.
Significant concentrations of *’Cs were found in
Ascophillum nodosum samples from
Belokamennaya Bay and the area of Mishukov
Cape. "’Eu was present in algae from Tonya
Bay and the area of Abram Cape. The content
of ”Sr turned out to be practically the same in
the area of Abram Cape, Tonya Bay and the
Yokangsky Raid Strait (Fig. 5.2).

Samples of Laminaria saccharina alga
were collected in the deep zone of the littoral.
The area near Abram Cape may be influenced
by the Atomflot enterprise. However, the
specific activity of technogenic gamma-emitting
radionuclides in the thalli of Laminaria
saccharina alga from the Kola Bay was lower
than MDA, that distinguishes them from
fucoids living in the same area in the "zone" of

drying.

Life cycles of zoobenthos organisms are
on average 4-9 years. During their life due to
breathing and nutrition seabed inhabitants
extract from near-bottom waters and bottom
sediments not only nutrients but also
contaminants including radioactive particles.

We used filter-feeding mollusks Mytilus
edulis — the common mussel, and benthic
crustaceans Gammaridea as test benthic
organisms for the research.

The content of technogenic gamma-
emitting radionuclides in Mytilus edulis mussels
was very low within the studied areas, the
measured specific activity in most samples was
below MDA. Low but reliably significant
concentrations of "'Cs, *’Sr and "’Eu were
found at Abram Cape and in the Yokangsk Raid
Strait (Fig. 5.3).

The content of technogenic gamma-
emitting radionuclides was lower than MDA in
the studied crustacean species, with the only
exception of gammarids from Tonya Bay, in
which the "'Cs concentration is 1 Bg/kg and a
trace amount of "“Eu was also found (Fig. 5.3).
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Puc. 5.3. Yoenvuasa akmuernocmo uckyccmeeHHuIX paouoHyKIud08 8 6EHMOCHbIX OP2AHUZMAX
(bx/ke cyxou maccut), uronb-okmsaops 2018 a.

Takum 00pa3zom, pe3yabTaTsl CpaBHEHHE cOzlep)KaHUsl TEXHOTEHHBIX
MCCJIEIOBAHUS [TO3BOJIMIIN OLEHUTH 001K (OH  paJMOHYKIIUJOB B MOPCKUX OpraHU3Max,
Y BBISIBUTD JIOKAJIBHBIE PA3JIN4Us B COOpaHHBIX B palilOHAaX TPaH3UTA
3arpsiI3HEHHOCTH TEXHOT'€HHBIMU U30TONIaMU 0TpabOTaBIIETO SIEPHOTO TOILIMBA, TIOKA3aJI0
pPacnpoCTPaHEHHBIX U OTHOCUTEIBLHO PENIKO HU3KYIO CTeneHb 3arpsi3HeHus. OaHako, Ha
pacceIeHHbIX BUJIOB MOPCKOTO (PUTO- U tepputopuu Konbckoro 3anusa B
3000€HTOCA, KOTOPBIE MOTYT CITY)KUTh THJIPOOMOHTAX, Cpelja OOUTAHMS KOTOPBIX
WHAMKAaTOPHBIMH BUJIaMU IIPA MHOTOJIETHUX CBSI3aHA C MOPCKUM JHOM, Yallle BCTPEYaroTCs
PalnO3KOJIOTMUECKUX HAOTIOICHHSX. CJIEJIOBBIE KOJIMUECTBA U30TOIOB, XapaKTEPHBIX

JJI paaArOaKTUBHBIX OTXO0B.
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Fig. 5.3. Specific activity of artificial radionuclides in benthic organisms (Bq/kg dry weight),
July-October 2018

The results of our study made it possible Comparison of technogenic
to estimate the general background and reveal radionuclides content in marine organisms
the local differences in technogenic isotopes collected in the areas of spent nuclear fuel
contamination of common and relatively rarely transit showed low contamination level.
settled species of marine phyto- and However, on the territory of the Kola Bay trace
zoobenthos, which can be used as an indicator amounts of radioactive waste isotopes in
species in long-term radioecological aquatic organisms whose habitat is associated
monitoring. with seabed were found more often.
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6. FeoxXpoHo/IOrMsa pPaanoaKTUBHOIMO 3arpsi3HEHUS
JIOHHbIX OT/NIOXEeHUN B npubpexbe

JleTanpHOE U3ydyeHHE YPOBHEN
PaAMOAKTUBHOTIO 3arPsI3HEHUS] IOHHBIX
otnoxeHuit Konbckoro 1 MOTOBCKOIO 3aJIMBOB
BapeHniieBa Mopst HaduaoCh HE TakK JIaBHO, JIHIIIb
cepenuue 90-X I'T. MPOILIOTO BEKA.

HNudopmarnus xe o 6osiee paHHUX
NepHuoiax UCTOPUU CTAHOBUTCS JOCTYITHOU
TOJILKO OJlaro/iapsi pEKOHCTPYKIIHSIM,
BBINOJIHEHHBIM C UCTIOJIb30BAaHHEM METOJIOB
TEOXPOHOJIOTHH.

B 2017 1. py1st TeOXpOHOIOTUUECKUX
MCCJIEJIOBAHUIN OBLIIO 0TOOPAHO 8 KOJIOHOK
JIOHHBIX OTIOkeHuH (puc. 3.3). JloHHble
OTJIIOKEHUS MIPEJICTABICHBI PA3IMYHBIMU MIIAMU
C TIPUMECHIO TOHKO-3EPHHCTOTO IeCKa,
OCTaTKOB OEHTOCHBIX KUBOTHBIX U
BKJIFOYCHHSIMHU METTKOTO TpaBus (puc. 6.1, 6.2).
B noHHBIX oTiOkeHUX 13 FHOKHOTO KOJIeHa
Konbckoro 3anmBa Takke MpUCyTCTBOBAA
yronbHas nbUib.B 2017 1. e AMHCTBEHHBIM
CTAOMIILHO ONPEJICIISFOIIUMCS BO BCEX CIIOSX
paauonykauaoM Ob11 - Cs, yaeabHas
AKTUBHOCTB ST B IP0oOaX OYeHb Majia 1
npuOIMKaIach K npeaeaaM 4yBCTBUTEIILHOCTH
MIPUMCHSICMBIX aHAJTUTHIECKIX METO/IOB.
[ToaToMy UMEHHO BEPTUKAIIbHBIN MPOQHIIH

COACPIKAHUA 137CS B KCpHaX JOHHOI'0 OCaJKa
MOXXHO CHUTATh HAJAC)KHBIM ITOKA3aTCJIICEM
3aIrpA3HCHUS, XapaKTCPU3YIOIIUM €Iro
MMPOAOJIKUTCIBHOCTD U ICPUOANIHOCTD

(puc. 6.3).

Pacnpenenenue " 'Cs 110 ry6uHe
OTJIIMYAETCS] HEPABHOMEPHOCTBIO, OHAKO
BBIIENTUTH KaKue-JIn0o 001ue 3aKOHOMEPHOCTH
B ITOJIOKEHUH JIOKAIBHBIX MUHUMYMOB U
MaKCHMyMOB cofiepskanus = Cs He ylanoch.
Kostonka JOHHEIX OTVIIOKEHHN CO CTAHIIUU 2 B
KonbckoM 3anmBe 3aMETHO OT/IHYaIach OT
npyrux. 3nech B cioe 11-12 cm
3aperucTpUPOBaH MAKCUMYM Y/EIbHOU
akTUBHOCTH  Cs — okono 27 Bk/kr, uto B 8 pas
BBIIIIE CPETHETO COJCPIKAHUS B APYTHUX CIOSAX
(puc. 6.3).

CopeprkaHue raMMa-u3JTy4aronux
PaIMOHYKIN/IOB, TAKUX Kak  Am, “Co, *'Cs u
"’Eu, Bo Bcex CJIOSIX ObLIO HIKE MUHUMAJIBHO
JETEKTUPYEMOM aKTUBHOCTH. 1151 cpaBHEHUS
MOXKHO OTMETHTB, 9TO B KOoHIIE 1990-X IT. B
kosionke u3 Cpegnero kosneHa Kosibckoro
3amuBa u30ToI 'CO YCTOHYHBO JAETeKTHPOBAJICS
BO BCEX CJIOSIX OCaJiKa Ha TTyOMHAX OT 2 10

Puc. 6.1. Kononxa oonnvix omaoxcerutl uz Konvcrkozo 3anuea. Brarouenus epasus 6 closix 0cadKos.

Fig. 6.1. Column of bottom sediments from Kola Bay. Gravel inclusions in sediment layers
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6. Geochronology of radioactive contamination
of bottom sediments in the coastal area

A detailed study of radioactive
contamination levels in bottom sediments of
Kola and Motovsky bays of the Barents Sea
began not so long ago in in the mid-1990s of
the last century.

Information about earlier historical
periods becomes available thanks to
reconstructions made using geochronological
methods only.

In 2017 we sampled 8 columns of
bottom sediments for geochronological studies
(Fig. 3.3). Bottom sediments were represented
by various silts with impurities of fine-grained
sand, benthic animals remains and small gravel
inclusions (Fig. 6.1, 6.2). Coal dust was also
present in the bottom sediments from the
Southern part of Kola Bay.

In 2017 "¥'Cs was the only radionuclide
stably determined in all layers; the specific
activity of ’Sr in the samples was very low and
close to sensitivity limits of the used analytical

137

methods. Therefore the vertical profile of “'Cs

content in bottom sediment cores can be
considered as a reliable pollution indicator
characterizing its duration and periodicity
(Fig. 6.3).

The depth distribution of “'Cs was
uneven but it was not possible to identify any
general regularities in the position of 'Cs
content local minima and maxima. The bottom
sediment column from the Station 2 in the Kola
Bay was significantly different from the others.
The maximum "’Cs specific activity about 27
Bqg/kg was registered here in 11-12 cm layer, 8
times higher than average content in other
layers. (Fig. 6.3).

The content of gamma-emitting
radionuclides such as *'Am, “Co, *'Cs and '“Eu
in all layers was below the minimum detectable
activity (MDA). For comparison we can note
that at the end of the 1990s “Co isotope was
stably detected in all layers of the column from
the Middle part of Kola Bay at depths from 2 to
10 cm.

Puc. 6.2. Ilnacmuxogviii npo600OmMOOPHUK U 8bIPE3AHHBLI KEPH OOHHO20 0CAOKA

Fig. 6.2. Plastic sampler and cut core of bottom deposit crnosx ocadkos.
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137 90
Puc. 6.3. Bepmuxanvnoe pacnpedeneHue mexHo2enHulx paouonykiuoos = Cs u —Sr
6 donnwix ocaoxax Koavcrkozo u Momosckozo 3anusos Bapenyesa mops

u cpe()Hue CKopocmu 0CAOKOHAKONTEHUA

VnenbHas aKTUBHOCTh U30TOIIOB
[Ty TOHUSA, **Pu u ****Pu, B cI05X TOHHBIX
OTJIOKEHUH ObLIa OU€Hb HU3KOM, TO3TOMY
KOJIMYECTBEHHBIE U3MEPEHUS YIAI0Ch
BBINOJIHUTD JIMIIb JIJIsl OTJEJIBHBIX CJIOEB Ha
Tpex craHusX. [rybuna pacnpocTpaHeHus
M30TOIOB IUTyTOHUS B KEpHAX COCTAaBUIIA
9-10 cM. HaubonbInee conepskanue ~*Pu
(2.3 Br/kr) u “***Pu (3.2 BK/KT) OTME4EHO B
cioe ocajaka 2—3 cM BOIM3H MPEaIpUATHS
«Aromdnory. MU30TOMTHOE COOTHOIIICHKE
2*Pu/*"**Pu okazanock CymiecTBEHHO BBIIIE,
4eM B III00aTbHBIX aTMOC(EPHBIX BBITAICHUIX
u cOpocax pajinoOXMMHUYECKOT0 3aBOjia B
Cemnaduiine (BenukoOpuranus), Ho3ToMmy
MOXHO MPEAINOI0KUTE, YTO MOSBICHUE
M30TOIOB IUTYTOHHUS CBSI3aHO C JIEATEIbHOCTBIO
OI'VIIT «AToMpIoT.

BeprukanbHble pacnpeneneHus
40 226 232,
€CTECTBEHHBIX paAuoHYKINI0B K, “Ra™ " Thu
**U B KONOHKAX JOHHBIX 0CAJIKOB U3 PA3HBIX
paiioHax MOPCKOTO MPUOPEXbs HE UMEIOT
3HAYMMBIX OTJIMYHN U BBIPAXKCHHBIX
3akoHOMepHocTel. [Ipu 3TOM B pactpenesieHuu
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*"Pb BO BCEX MCCIIEIOBAHHBIX KOJIOHKAX

MIPOCIIEKUBAECTCA YCTOMYMBASI TEHACHLIMS
CHWKEHUS yIEJIbHONW aKTUBHOCTH
PaIMOHYKIIH/IA C TITyOWHOM, YTO SBISICTCS
MPU3HAKOM CTaOUIILHOCTH MPOLIECCOB
OCAJKOHAKOIUJICHUS U AA€T BO3MOKHOCTh
MIPOBECTH JATUPOBKY CIOEB OCAJIKA, a TAKXKE
KOJIMYECTBEHHO OLIEHUTH CKOPOCTh
COBPEMEHHOTI'O OCAJIKOHAKOIUICHHUS.

JlatupoBaHue COBPEMEHHBIX JOHHBIX
oTnoxeHui Koinbckoro 1 MOTOBCKOTO 3aJIMBOB
10 HepaBHOBeCHOMY ° Pb mokaszaiio, uto
HCCJIEJIOBAHHBIE KOJIOHKU OCAJ/IKOB OXBAaThIBAIOT
ucropuueckuit nepuon ot 30 1o 100 ner.

EnuHcTBEeHHBIN BhIpAKEHHBIN
MakcUMyM cofepskanus -~ Cs B cioe 11-12 cm
Ha cranuuu 2 B Konbckom 3anuse (27 br/kr) no
BPEMEHHOM IIKaJIe OTHOCUTCS K KOHIy 1940-x
rT. Ha ctanuum 3 OTHOCUTENBHO MOBBINIEHHOE
NOCTYyIUIeHHE U30TonoB mayTonus (***Pu —
3.21 Br/xr; “*Pu — 2,32 BK/KT) OTHOCUTCS K
Havairy 2000-x romoB (puc. 6.4).
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Fig 6.3. Vertical distribution of technogenic radionuclides "’Cs and "'Sr
in bottom sediments of Kola and Motovsky bays of the Barents Sea

and average sedimentation rates

The specific activity of plutonium
isotopes, “*Pu and ****'Pu, in the layers of
bottom sediments was very low. It was possible
to perform quantitative measurements for
individual layers only at three stations. The
depth of plutonium isotopes penetration to
bottom sediment columns was 9-10 cm. The
highest concentrations of “*Pu (2.3 Bg/kg) and
#72%py (3.2 Bg/kg) were registered in 2-3 cm
layer of sediment near the Atomflot enterprise.
The **Pu/ ****’Pu isotopic ratio was
significantly higher than in global atmospheric
fallouts and discharges from the radiochemical
plant in Sellafield (Great Britain), therefore it
can be assumed that the appearance of
plutonium isotopes is associated with the
activities of FSUE Atomflot.

Vertical distributions of naturally
occurring radionuclides “K, **Ra **Th and **U
in studied bottom sediment columns from
different areas of the coastal area had no

significant differences and pronounced
regularities. At the same time a steady tendency
of radionuclide specific activity decrease with
depth was traced in *'’Pb distribution in all
studied columns. This was a sign of
sedimentation processes stability allowed to
date bottom sediment layers and quantitatively
estimate contemporary sedimentation rate.

Dating of contemporary bottom
sediments of Kola and Motovsky bays by non-
equilibrium *°Pb showed that studied sediment
columns covered a historical period from 30 to
100 years.

The only *’Cs maximum in 11-12 cm
layer at the Station 2 in Kola Bay (27 Bg/kg)
refers to the end of the 1940s on the time scale.
Relatively increased income of plutonium
isotopes (****Pu - 3.21 Bg/kg; **Pu - 2.32
Bg/kg) at the Station 3 refers to the early 2000s
(Fig. 6.4).
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Puc. 6.4. Pesynomamol 0amuposKku KOIOHOK OOHHbIX omaodicenuti uz Korvckoeo sanusa

['eorpadmuecku o0e CTaHIIUN HAXOASTCS

B 30HE BO3MOXXHOI0 BiaussHusg OI'VII
«Atompnory. TeopeTndeckn MaKCUMyM “Cs
HE MOXKET JaTUPOBAThCS IEPUOJIOM paHee

1960 roxa, xorna npeanpusaTUE Ha4aJlo CBOKO
neaTenbHoCTh. HadmromaeMoe cMeleHne Mo
BPEMEHHOH I1KaJie, 00yCI0BICHO
MOCTCEUMEHTAIIMOHHON MUTPAIIMEH U30TOTIOB
1e3usi. ITUMHU ke IpoLeccaMu MOKHO
00BSCHUTH OOHAPY)KEHHE MUHUMATbHBIX
KOJHM4ecTB  CS B CIIOSIX OCAIKA, OTHOCSIINXCS
K IIEpUOJY /10 MOSIBICHUS SIAEPHOTO OPYKUSI HA
JIPYTUX CTAHIIHSX.

MaxkcumanbHas CKOpOCTb
ocaaxoHaroruieHusa 0.38 cm/rox HaOmroaeTcs B
KyToBO# yactu Konbckoro 3aivBa, 4To CBSI3aHO
C BIQJICHUEM JBYX KPYIHBIX pek — KoJbl u
Tymombl, BRIHOCSIIUX 3HAYUTEITLHOE
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KoJnuecTBO B3Becu. B CpenHem KoseHe
Kosnbckoro 3anuBa, pacueTHast CKOPOCTh
0CaJKOHAKOIUJIEHUS OKa3ajach MUHUMAJILHON
0.07 cm/ron, T.e. 3TOT paiioH SABJSAETCS 30HOU
TpaH3UTa 0CcaJ0uHOro BeuecTBa. CKOpoCTH
OCAJIKOHAKOIUJICHUS B JPYTHX TOYKAX
ucciaenoBanusa nusmensrorest ot 0.11 no

0.19 cm/ron.

Takum 006pa3oM, MPOBEICHHBIC
reOXPOHOJIOTMUECKUE UCCIIETOBAHUS KOJIOHOK
JIOHHBIX oTII0KeHuH n3 Kobsckoro u
MOTOBCKOTO 3aJIMBOB YKa3bIBAIOT HA
OJIATOMOTYYHYIO PAIHOIKOIIOTHUECKYIO
CUTYaIIMIO B PETUOHE B TTOCJICTHHE
ACCATUIICTHUA. HpOBeILeHHBIC onepam/m 10
TPaH3UTY OTPaOOTABIIETO SACPHOTO TOIIMBA U3
XpaHWIHII TYHKTa BPEMEHHOTO XpaHEHUS B
ryoe AHapeeBa u otaeneHus «l pemuxay He
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Fig. 6.4. Dating results of bottom sediment columns from Kola Bay

Both stations are geographically located
within the zone of possible FSUE Atomflot
influence. Theoretically *’Cs maximum cannot
be dated until 1960 when the enterprise started
its activity. The observed shift along the time
scale is due to the postsedimentary migration of
cesium isotopes. The same processes can
explain the presence of minimal '’Cs amounts
in deposit layers related to the period prior to
the emergence of nuclear weapons at other
stations.

The maximum sedimentation rate of
0.38 cm/year is observed in the head part of
Kola Bay, which is associated with the fall of
two large rivers, the Kola and the Tuloma
taking out a significant amount of suspended
matter. In the Middle Part of the Kola Bay the
calculated sedimentation rate turned out to be
the minimum 0.07 cm/year, i.e. this area is a
transit zone of the sedimentary matter.
Sedimentation rates at other points of the study
vary from 0.11 to 0.19 cm/year.

The conducted geochronological
investigations of bottom sediment columns
from Kola and Motovsky bays indicate a
favorable radioecological situation in the region
over resent decades. The operations carried out
for spent nuclear fuel transit from the storages
of the temporary storage point in Andreeva Bay
and «Gremikhay» Branch did not lead to any
changes.
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7. OueHKa CcouMmanbHOro BO3AEeNCTBUA

[ToTeHumanbHble pUCKU
PalIMOAaKTUBHOIO 3arpsi3HEHUSI MOPCKOU CpPEJIbl
JIOKAJIbHOTO UJTM PEerHOHAIHHOIO MacIiTaboB
HMMEIOT 3HAUECHHUE HE TOJIBKO ISl HACEJICHUS
Konbckoro noiyoctpoBa, HO U AJIs1 )KUTENEH
Bcero nodepexns bapeHi-perunona. 1o
MaJIO3aCEJIEHHbBIE TEPPUTOPUH, B KOTOPBIX, IIPU
9TOM, CYIIECTBYIOT JOCTATOYHO KPYIIHBIE
ropoja ¢ pa3BUTON XO3MCTBEHHOU
JIESITEIIBHOCTRIO U OOJIBIIION YUCIICHHOCTBIO
HacesneHus. K ynciay Takux ropoioB OTHOCSTCS
poccuiickue Mypmanck, CeBepoMOopCK,
[Tonspueiii, [1eyenra, HOpBeKCKHE
Xammepdect, Tpomcé, Kupkenec u T.1. B HUX
npoxuBaeT okosio 500 ThIC. YeIOBEK.
CouunanbHOE BO3EHCTBHE
PaaMOIKOIOTUYECKOTO COCTOSHUS U €T0
BO3MO)KHBIX U3MEHEHHI B IPUOPEKBE
bapenneBa Mmopst 0603Ha4aeTcst B IEPBYIO
ouepellb Yepe3 OCHOBHBIE BUIbI MOPCKOM
XO3SUCTBEHHOMU JIEATEILHOCTH.

[Tepeuncnaum ux.

7.1. Mopckoii mpoMbIces PHIOHBIX U
HEPBIOHBIX (KPEBETKU, MOJUTFOCKH, BOAOPOCIH,
KpaoObl) 00bEKTOB. MI3MEHEHHE KauecTBa U
paZialliOHHON YUCTOTHI 3TUX OOBEKTOB HMEET
CaMyIo IHUPOKYIO CONHANLHYIO 3HAUUMOCTh U
3aTparuBaeT WHTEPECHI MIOYTH BCETO HACEICHUS

npubpexHoit 3011 Koibckoro 3anossipbs u
ceBepa HopBeruu, KOTopoe Tak Wik HHa4Ye
3aHSTO MOPCKHM IPOMBICIIOM. Apeai
noTpeOJICHHUs TUX MPOIYKTOB UMEET eIle
6osee mMpoKuit MUPOBOIl MacTad (puc. 7.1).

Kpome Toro, kauecTBO MOPCKOM CpeIbl
OyZeT onpeaesTh YCIeX €CTECTBEHHOTO
BOCIIPOM3BOJCTBA 3TUX PECYPCOB,
YCTOWYMBOCTH MMPOMBIIIIJICHHON JTOOBIYH,
COIMAJIBHBINA CTATyC MPUOPEIKHOTO HACETICHUSI.

7.2. Mapukyasbtypa. Depmepckoe
pa3BeZieHHE Pa3HOOOPa3HBIX BUIOB PHIO
0COOEHHO Pa3BHUTO B yAOOHBIX (hhOpAAX
no6epexns CeepHoit Hopeeruu. B mpubpexne
MypmaHa MpUPOIHBIE YCIOBUS MEHEe
OIaroNpUSATHBI JJIS1 PA3BUTHUS MAPHUKYIIBTYPHI,
OJTHAKO U 3/1€Ch CYIIECTBYET CETh KPYITHBIX U
MEJIKMX MOPCKHX (pepM I10 BBIPALTUBAHUIO
nococei (puc. 7.2). YacTp HaceneHus
MypmaHcKko#l 061acTH 3aHsTa B 3TOM OTpaciH, a
MPOIYKIIHS TOCTABIISIETCS 32 MPEAEIIbl PETHOHA.
[ToaTomy panuanuonHas 6e30MacHOCTh
MOPCKOH cpeJibl U BO3MOXKHBIE PUCKHU, KOTOPBIE
TeHEePUPYIOTCS B cepe 0OpaIieHus ¢ SACpHOM
SHEPreTUKOMN U PaJMOaKTUBHBIMH OTXOJaMH B
npUOpEKbe TAKIKE UMEET 3HAYMMBIT
COLIMAJIBHBIN PE30HAHC.

Puc. 7.1. Poibnoiii npomwicen 6 bapenyesom mope (¢homo u3 omxpulmsix UCOYHUKOB)

Fig. 7.1. Fishing in the Barents Sea (photo from open sources)
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7. Social impact assessment

Potential risks of radioactive
contamination of the marine environment on a
local or regional scale are important not only
for the population of the Kola Peninsula, but
also for the inhabitants of the entire coast of the
Barents Region. These are sparsely populated
areas, in which, at the same time, there are quite
large cities with developed economic activities
and a large population. These cities and towns
include the Russian Murmansk, Severomorsk,
Polyarny, Pechenga, the Norwegian
Hammerfest, Tromsg, Kirkenes and etc. They
are home to about 500 thousand people. The
social impact of the radioecological state and its
possible changes in the coastal area of the
Barents Sea is indicated primarily through the
main types of marine economic activities. Let's
list them.

7.1. Marine fishing for fish and non-fish
(shrimp, molluscs, algae, crabs) objects.
Changes in the quality and radiation purity of
these objects have the broadest social
significance and affect the interests of almost
the entire population of the coastal zone of the
Kola Arctic and northern Norway, which is in

one way or another engaged in marine fishing.
The area of consumption of these products has
an even wider global scale (Fig. 7.1).

In addition, the quality of the marine
environment will determine the success of the
natural reproduction of these resources, the
sustainability of industrial production, and the
social status of the coastal population.

7.2. Mariculture. Farming of a wide
variety of fish species is especially developed in
the convenient fjords of the coast of Northern
Norway. In the Murman coastal area, natural
conditions are less favorable for the
development of mariculture, however, there is
also a network of large and small marine
salmon farms (Fig. 7.2). Part of the population
of the Murmansk region is employed in this
industry, and the products are supplied outside
the region. Therefore, the radiation safety of the
marine environment and the possible risks that
are generated in the field of handling nuclear
power and radioactive waste in the coastal area
also have a significant social resonance.

Puc. 7.2. Pvi60600HbIE cadku 6 2ybax mopckoeo npubpedicos Konbckoeo noryocmposa
u cesepnotl Ckanounaguu (¢homo u3 omxpulmelx UCHOYHUKOB)

Fig. 7.2. Fish cages in the bays of the Kola Peninsula and northern Scandinavia (photo from open sources)
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7.3. Typusm B ApKTHKE UMEET BCE
BO3pacTarolllee 3HaYeHue, Kak B Poccuu, Tak u B
Hopseruu. [Ipu 3TOM pa3zBuBaeTCsl HE TOIBKO
«COo3epuaresbHbIA TYPU3M», HAIICJICHHBIN Ha
BOCIIpUSATHE NTEH3aKEeU U PEAKUX IPUPOIHBIX
SBJICHU, TaKUX, KaK CEBEPHOE CUSTHUE,
MOPCKOM MPHOOH, CypOBBIi KJIUMAT U T.II.
Cy1ecTBYIOT TOUKH IPUTSKEHUS, Ky/la
CTPEMSITCSI TYPUCTBI CO BCETO MUPA.
ITpumepamu Takoro Typusma sBIsIOTCA
TypPUCTHUYECKUI LEeHTp Ha MbIce Hopakan
(Hopserus) u nocenok Tepubdepka (Poccust)
(puc. 7.3).

B MMOCJICIHUEC I'0Jbl OTMCUCH
3HAUYMTEIIHHBIN POCT CHIOPTUBHOI'O TypHU3Ma,

CBSI3aHHOTO C JIFOOMTEIHLCKAM MapyCHBIM
CYZIOXOICTBOM, CEP(UHTOM U JABUHIOM.
J1J1s1 TIOCJIeTHETO PUBIICKATCILHBIM SIBIISICTCS
oOuIe MOIBOIHBIX JIAaHIIA(TOB U
OMOIICHO30B C BBICOKUM OHMOpa3zHOOOpa3ueM
(puc. 7.4).

[TomystpHOCTH IPUOPEKHOTO
CIIOPTHUBHOTO U «CO3EPIATEIHLHOTOY
apKTUYECKOro TypHU3Ma JaJIeKO 32 MpeesiaMu
CEBEpHBIX 00J1acTel OCHOBaHA TaKXKe Ha
paauanmoHHou 6e3onacHocTu bapeniieBa Mopsi.
Pa3Butue Typusma, B TOM 4uclie
MEXIyHAPOIHOTO, UMEET 3HAYMMBIN
conmanbHbIi A3 PexT a1 Bcero bapenrr-
peruona (puc. 7.5).

Puc. 7.3. Typucmuuecxue epynnuvt 6 npudpescnvlx mypyenmpax Ha mvice Hopoxan
u 6 nocenke Tepubepka ((homo u3 OMKPLIMbIX UCTIOYHUKOB)

Fig. 7.3. Tourist groups in the coastal tourist centers at the North Cape
and in the village of Teriberka (photo from open sources)

Puc. 7.4. Iloosoonvie nanowagpmol Konbcrkozo npubpesicvs (pomo u3 omxpuimuix UCMoO4HUKO8)

Fig. 7.4. Underwater landscapes of the Kola coast (photo from open sources)
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7.3. Tourism in the Arctic is of
increasing importance, both in Russia and in
Norway. At the same time, not only
"contemplative tourism" is developing, aimed at
the perception of landscapes and rare natural
phenomena, such as the northern lights, sea
surf, harsh climate, etc. There are points of
attraction where tourists from all over the world
tend to. Examples of such tourism are the
tourist center at the North Cape (Norway) and
the village of Teriberka (Russia) (Fig. 7.3).

In recent years, there has been a
significant increase in sports tourism associated

with recreational sailing, surfing and diving. For
the diving, the abundance of underwater
landscapes and biocenoses with high
biodiversity is attractive (Fig. 7.4).

The popularity of coastal sports and
"contemplative" Arctic tourism far beyond the
northern regions is also based on the radiation
safety of the Barents Sea. The development of
tourism, including international tourism, has a
significant social effect for the entire Barents
Region (Fig. 7.5).

Puc. 7.5. Cnopmuenwiii mypusm nHa nobepesicoe Mypmana (¢homo uz omxpuimulx ucmo4Huxos)

Fig. 7.5. Sports tourism on the coast of Murman (photo from open sources)

7.4. Marine recreational fishing is well
developed in small coastal settlements in the
Murmansk region and northern Norway. This
activity, called sea fishing, also applies to
tourism. However, it is most important for local
residents, who go to sea on their boats to fish
for food, or take tourists to sea fishing.

(fig. 7.6). Thus, amateur fishing in ecologically
clean waters is related to both fishing and
maritime shipping with port services and
facilities.
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7.4. Mopckoii Jilo0uTe1bCKUil JIOB
PbIOBI XOPOIIIO PA3BUT B MAJIbIX MPUOPEKHBIX
nocesieHusAX MypMaHckoii o0nacTu u ceBepa
Hopseruu. 9ToT BU A€STEILHOCTH MO
HA3BaHWEM MOPCKasi pbI0AIKa OTHOCUTCS,
Takke U K Typusmy. OnHako oH OoJiee Bcero
BaXKCH ]ISl MECTHBIX KHUTEINEeH, KOTOpbIe Ha
CBOMX IUIaBCPEACTBAX BBIXOAAT B MOPE Ha JIOB

PBIOBI B Ka4€CTBE MIPOMUTAHMUS, INOO BHIBO3S
TYPUCTOB Ha MOPCKYIO pbIOAJIKy. (pHcC. 7.6).
Taxum 006pa3om J1FoOUTENbCKUI JIOB HA
HKOJIOTHYECKH YHCTHIX aKBAaTOPHAX UMEET
OTHOUICHHE U K PHIOHOMY IPOMBICITY, ¥ K
MOPCKOMY CYJIOXOJICTBY C IOPTOBBIM
00CITy)KMBaHHEM H XO3SHCTBOM..

Puc. 7.6. Ilpubpexcuwiii nrooumensckuil 106 puiovt ¢ Hopsecuu u 6 Poccuu

(chomo u3z omxpeIMvIX UCHMOUHUKOB)

Fig. 7.6. Coastal recreational fishing in Norway and Russia (photo from open sources)

7.5. Mopckue HedTerazoBbie
NMPOMBICJIbI U MOPCKO# TPAHCIOPT.
3HAYUMOCTb PaJANAIIMOHHON CUTYyaIH B
MOPCKOM cpeie sl yKa3aHHbIX BUOB
PUOPEIKHON IEATEITHHOCTH TIOJICHKHUT
CIielMaIu3upoBaHHON o1leHKe. O1HaKo
OYEBHUIHO, YTO PAJAUALNMOHHOE OIAromoTydne
MOPCKHUX BOJ[ M IOHHBIX OTJIOKEHUN SBIISTFOTCS
00s13aTeIbHBIM YCJIOBHEM TAKOU JESTEIIbHOCTH.
E€ MHTEHCUBHOCTD MTOCTOSSHHO U3MEHSIETCS.

B nmpubpexne ceBepHoit Hopseruu u Poccun
HAXOJATCSl He(TEra30BbIe MECTOPOXKICHUS U
CYIIECTBYIOT JIOJITOCPOYHBIE TUTAHBI PA3BUTHS
n00b1YM yrieBomopoaoB. Haunboiee
M3BECTHBIMU K HACTOSIIIIEMY BPEMEHU
JIEHCTBYIOIITUMH TTPOMBICIIAMH B TIpe/eax
pEruoHa ABIAIOTCSA MecTOpoxkaeHne CHEBUT
(ceBepHas Hopserus), [Tpupaznomuoe (Poccus)
U Mopckoi TepmuHai Bapanneit (Poccus)

(puc. 7.7).
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ToproBsIii u 00CITyKMBarOMUK (HI0T
00ecreYnBaeT YCTOHUMBYIO CBSA3b PA3IIMYHBIX
KPYIIHBIX U MaJIbIX [IOPTOB PETMOHA C TOPTaMU
EBpornbl, A3un u Amepuxu. B atux Bunax
JeSITENIbHOCTH 33/1€MCTBOBaHbI OOJIBIINE MACChI
HacesieHus He Toibko CeBepHOil EBporibl, HO 1
OCTAJIBHOTO MHpa. 3HAUUT COLMAIbHOE
BO3/IEMCTBHE PaJiMalliOHHOIO OJIaromnoryus
MOPCKOTI'0 MPUOPEXkKbs 3/1€Ch YPE3BbIUANHO
LIMPOKO, KaK U B ppIOHOM npoMbiciie (puc. 7.8)
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Puc. 7.7. Mopckas npubpexcuas negpme- u 2a30000u14a.
Mecmopooicoenus Tpupasnomuoe u CHésum (¢homo uz Omxpwvimsix UCHMOYHUKOB)

Fig. 7.7. Offshore oil and gas production. Prirazlomnoye and Snovit deposits (photo from open sources)

7.5. Marine oil and gas fields and sea
transport. The significance of the radiation
situation in the marine environment for these
types of coastal activities is subject to
specialized assessment. However, it is obvious
that the radiation safety of sea waters and
bottom sediments is a prerequisite for such
activities. Its intensity is constantly changing.
There are oil and gas fields off the coast of
northern Norway and Russia and there are long-
term plans for the development of hydrocarbon
production. The most famous to date operating
fields within the region are the Snevit field
(northern Norway), Prirazlomnoye (Russia) and
the Varandey sea terminal (Russia) (Fig. 7.7).

The merchant and service fleet provides
a stable connection between various large and
small ports of the region with the ports of
Europe, Asia and America. These activities
involve large masses of the population not only
in Northern Europe, but also in the rest of the
world. This means that the social impact of the
radiation well-being of the seacoast is
extremely wide here, as in the fishery (Fig. 7.8)

Puc. 7.8. Hezamepsarowue nopmot Mypwarnck u Kupkenec (¢homo uz omxpoimulx ucmo4Huxos)

7.8. Non-freezing ports of Murmansk and Kirkenes (photo from open sources)
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3aKnw4vyeHne. rlepepayda 3HAHMW M NOBbILEHNE

MHHOPMUPOBAHHOCTH

B kparkoii BBIIEPIKKE ITIaBHBIE
Pe3yabTaThl HECKOJIBKHX JIET UCCIIEIOBAaHUMN
MOTYT OBITH CHOPMYIUPOBAHBI CIETYOLIUM
o0Opazom.

PannonyknuaHoe 3arps3HeHue
pUOPEKHBIX aKBATOPHUI, TOHHBIX OCAJKOB U
OEHTOCHBIX TUAPOOUOHTOB
TudQepeHIMPOBaHO, HO TIOBCIOY OL[EHUBACTCS
KaK HU3K0e. B MTyOMHHBIX CIIOSX TOHHOTO
ocajka HaOJIroqaeTcs TEHACHINS K
CIVIQXKMBAHUIO SKCTPEMAIIbHBIX [TUKOB
KOHIIEHTpAl¥ TEXHOT'€HHBIX PAIMOHYKIIUOB,
KOTOpBIE CBA3aHHBI C SMNU30/1aMU
HEKOHTPOJIMPYEMOTO 3arpsi3HEHUS B
«SJIEPHYI0» BIIOXY.

B nacrosiiiee Bpemsi B mpuOpexxHOi
30HE MOps Ha ydacTkax Tpanzuta OAT
COXPaHSIOTCS JIBa OTHOCUTEIBHO CIIAa0bIX
MCTOYHHMKA TEXHOT€HHBIX PAIUMOHYKIIUIOB,
KOTOPBIE BIUSIOT HA PAIHOIKOIOTHIECKHI (HOH
IpUOPEXKbsl JOKATBHO. DTO XPAHUIINLIE
paJlnOaKTUBHBIX OTXO/I0B B r'ybe AHjapeeBa u
cyMMapHbIii cTok Kosbckoro 3anuBa, B KOTOPOM
pacrnosararTcs HeCKOJIbKO 0OBEKTOB
UHQPACTPYKTYPhI IPaXkIaHCKOTO U BOEHHOTO
aTroMHOro (uota. J[pyrue noTeHuuaIbHbIE
MCTOYHHUKH PaJMOAKTUBHOCTH — XpaHWJIMILA
PAO u OSIT B ry6e Caiina u nponuse
Woxanbrckuii peiin (otaenenne «Ipemuxa») He
OKa3bIBalOT B HACTOALLEE BPEMs
CYLLECTBEHHOTO BIUSHUS HA 3arpsi3HEHUE
MOPCKOM BOJIbI U JOHHBIX OCAJKOB.
Paanoskonoruueckas cutyanus B MOCIeIHUE
necsaTuiaeTus B MypMaHCKOM IPUOpexbe
OLIGHUBAETCS KaK OJaromnoiayyHas v He
BBI3BIBAET TPEBOI'M 32 O€30I1aCHOE
IPUPOIONOJIb30BaHHE.

[IpoBeneHHbBIE K HACTOSAIIEMY BPEMEHU
onepanuu 1o Tpau3uty OAT u3 xpaHuiuig
IIYHKTa BPEMEHHOI'O XpaHEeHUs B ryOe
AHppeesa u otaenenus «I'pemuxa» He IpUBEIU
K KaKUM-JIN0O H3MEHEHUSIM SKOJIOTHYECKOTO
craryca npudpexHoii 30HbI Konbckoro
HOJIyOCTPOBA.

O4eBHUIHO, YTO aKTYaJIbHOCTb
OOHOBJICHHSI TAKOW OLIEHKH COXPAHUTCS KaKoe-
TO BpEMs U MOCJIE BBIBO3A AACPHBIX OTXOJI0B U3
XPaHWIHUII U peabuInTalul TEPPUTOPUH.
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HoBrle 3HaHUA 0 paAMOIKOIOTHYECKOM
cTaTyce npuOpexHOM 30HbI MypMaHa u
HauboJee akTyallbHBIX PalilOHOB, MTOJyUYEHHBIE B
XO0JIe pealIn3alluy IPOEKTa IIPEICTaBISUINChH
HCCJIE0BATENSIMA HAa HAIIMOHAJIbHBIX U
MEXTyHapOoIHBIX KoHpepeHmusax B 2017-2021
I'T. Marepuaisl B OMyJISIpHO# hopme
OCBEILAJIUCH B TPAHCIALUAX MYPMAaHCKOTO
TEJICBUJICHUS U B UHTEepHeTe Ha caiite MMbU
PAH. Cnenuanuctel — y4aCTHUKH IPOEKTA
IPEACTABISUIN NIPE3CHTALUU U 00CYK1aIu
MaTepHasbl U pa3InyHbIe POOIEMBI C
ydyacTHUKaMu cemuHapoB MMBU u AkBaruian-
HUBA.

B paznuunoit popme noctynHoctu 00
HCCIICIOBAaHUAX PACCKa3bIBATOCH B YUEOHBIX
3aBeJIEHUSAX ydaumcsi MypMaHCKHX ILIKOJI.
Pabota no noBeImeHn0 HHOOPMATUBHOCTH U
IIMPOKOMY OIYOJIMKOBAHUIO MaTepHajoB Oyaer
MIPOJOJIKEHA B Oy TyIIIEM.

Pesynomamer uccnedosanuii dviiu npedcmasienvl
HA MeAHCOYHAPOOHBIX KOHpEPeHYUsX U CeMUHApax,
6cmpeyax ¢ ooujecmeeHHoCmyio,
00pazosamenbHbIX Kypcax
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conclusion. Knowledge transfer and awareness raising

In a brief excerpt, the main results of
several years of research can be summarized as
follows.

Radionuclide pollution of coastal water
areas, bottom sediments and benthic aquatic
organisms is differentiated, but everywhere is
assessed as low. In the deep layers of the
bottom sediment, there is a tendency to smooth
out the extreme peaks in the concentration of
technogenic radionuclides, which are associated
with episodes of uncontrolled pollution in the
"nuclear" era.

At present, two relatively weak sources of
technogenic radionuclides, which affect the
radioecological background of the coastal area
locally, remain in the coastal zone of the sea in
the areas of SNF transit. This is a storage
facility for radioactive waste in Andreeva Bay
and the total flow of the Kola Bay, where
several infrastructure facilities of the civil and
military nuclear fleet are located. Other
potential sources of radioactivity - radioactive
waste and spent nuclear fuel storage facilities in
Sayda Bay and the Yokangskiy Reid Strait
(Gremikha branch) do not currently have a
significant impact on the pollution of sea water
and bottom sediments. The radioecological
situation in the Murmansk coastal area in recent
decades is assessed as favorable and does not
cause concern for the safe use of natural
resources.

The operations carried out to date for the
transit of spent nuclear fuel from the storage
facilities of the temporary storage facility in
Andreeva Bay and the Gremikha branch did not
lead to any changes in the ecological status of
the coastal zone of the Kola Peninsula. It is
obvious that the relevance of updating such an
assessment will remain for some time even after
the removal of nuclear waste from storage
facilities and the rehabilitation of territories.

New knowledge about the radioecological
status of the Murman coastal zone and the most

relevant areas obtained during the
implementation of the project was presented by
researchers at national and international
conferences in 2017-2021. Popular materials
were covered in broadcasts of Murmansk
television and on the Internet on the website of
the MMBI RAS.

Specialists - project participants made
presentations and discussed materials and
various problems with the participants of the
MMBI and Akvaplan-niva seminars.Students of
the Murmansk schools were told about the
research in various forms of accessibility in
educational institutions. Work on increasing the
information content and wide publication of
materials will continue in the future.

Research results have been presented at the
international conferences and workshops, meetings
with public, educational courses
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Nonesble paboTbhl — Fieldwork

Paboma ¢ kopobuamoim Ynaxoexa nnacmuxosoti mpyoku Iloocywusanue 6ooopocieti

npoboomoopuuxom box corer € KepHOM OOHHO20 0CAOKa Ha nanybe cyoHa

Sampling with the box corer Packing a plastic core tube with Drying of algae samples
sediment on the deck of the vessel

Cbhop eooopocnell ¢ niasaoue2o odvekma —
Coop maxpoghumos 6 2ybe Buuanwvi P P Y
weapmosoi OouKu

Algae sampling in the Vichany Bay Sampling of algae from a mooring drum

B I'pemuxe

Ocaocoenue "”'Cs na copbenm «Angpesicy.
In Gremikha

Deposition of "’Cs on «Anfezhy sorbent
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