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®  (poK 3KcnnyaTauuu 60nblUMHCTBA
NPMNOBEPXHOCTHLIX XpPaHUNULL, npea-
Ha3HaYeHHbIX ANA [0NroBpPeMeHHON
nokanusauuu Teepabix u xuakux PAO, npesbiwaet 30-50
net. MHorue u3 HuUX He o6ecneunBaloT NONHYIO N30NALUIO
PAO; B page ciyyaeB 3adpUKCUPOBAH BbIX0A PafUOHYKIIM-
[I0B B OKpYX<aloLLyto cpefy u ee 3arpA3HeHue B pesynb-
TaTe YacTMYHOI ferpagaunm 3aWwuTHbIX 6apbepoB coopy-
»eHuii. Bce 310 TpebyeT NpUHATUA peLueHuns o BbiBoje Ta-
KUX XpaHWIMLL, U3 dKCnayaTauuu.

[Tpex/e, yeM MPUHSATH pellieHre O AaJbHeHIel cyab-
6e XpaHuInIIa, HeOOXOANMO MPOBECTH OIEHKY Er0 COCTO-
stavst. OHa TIpeJojiaraeT aHai3 apXUBHBIX MaTEPUaOB
10 KOHCTPYKI[UKM OOBEKTA, CUCTEMbI MHKEHEPHBIX Gapbe-
POB, TUAPOTEOJOTHUECKUX U TEOJOTUUECKUX YCIOBUH TIIO-
IAJIKK, CBEJIEHUN O (PU3NYECKOM U XUMHUYECKOM COCTOSI-
Hun PAO, X akTMBHOCTH ¥ PaJOM30TOIHOM cocTaBe. B
pesyJibrare ONMpeAesioT MOTEHIIMATBHYI0 OMacHOCTh 00b-
eKTa JIJIs OKPYyJKalolleil cpe/ibl U HanboJiee «caabbie» MecTa
B €r0 CHCTEME MHKEHEPHOMN 3alThL.

Ha ocroBe olleHkr (opMannusyercss MOAesb Jerpaja-
[[U WHKEHEPHBIX 0apbepoB M MEXaHU3M BO3MOKHON MU-
rpanun pajuoHyKJINI0B 3a MPEAesbl XPaHUJIUIINA, paspa-
6aThIBAIOTCS TIPEBAPUTENbHbBIE MHAKEHEPHO-TEXHUUECKUE
NPETOKEHUS 110 00ECIIeYeHNIO KOJIOTHIECKON Oesomnac-
HOCTU OOBEKTA.

Jlist ¥X yTOUHEHUs TPOBOJAT HATYPHBIE U JTabopaTop-
HbIE UCCJICJOBAH, HAIIPABJICHHDIC HA:

— YCTaHOBJICHWE BO3MOKHBIX HM3MEHEHUH THuapore-
OJIOTMYECKUX W TEOXUMHYECKUX YCJIOBWIl TUTOMAAKH, a
TaK)Ke HapylUIeHUI eCTeCTBEHHbIX TapaMeTPOB BMELIAo-
IIUX [TOPOJ B MPOLECCE CTPOUTEIHCTBA U IKCILIyaTAIIU
COOPYKEHUS;

— OIIEHKY CTeIeHH JierPajalliil HHKeHePHbIX Oapbhepos;

— ompejiesieHue PaHainOHHOTO U (PUBUKO-XMUMUYECKO-
ro cocrostnust maccuba PAQO;

— OIIEHKY CTEeIeHU BO3JICHCTBYS XPAHUJIUINA HA OKPY-
JKAIOTIYIO CPeJly Ha OCHOBE OTIPeeIeHNsl yeabHOW aKTHB-
HOCTH TIOBEPXHOCTHBIX BOJL M TPYHTOB B 30HE PasMelleHUsI
00beKTa;

— ompejesieHre IIOTEHIMAAbHO ONACHBIX 30H B KOH-
CTPYKITMH COOPY/KEHMsI, NHKEHEPHBIX OHapbhepax M BMella-
IOIUX [TOPOZIaX IIPUKOHTYPHOI 30HbI 00bEKTa;
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®m The operating lives of most near-sur-
face storage facilities built for long-term
containment of solid and liquid radwaste
today exceeds 30-50 years. Many of them, however, have failed
to provide complete isolation of radwaste; in a number of cas-
es, radionudides have escaped into the environment, causing
contamination as a consequence of partial deterioration and
breach of the containment barriers. These conditions call for
making a decision on decommissioning of these facilities.

Before any decision regarding the future of a storage
facility can be made, its status needs to be evaluated. It in-
cludes analysis of archive information regarding the design
of the facility, its system of engineered barriers, hydrogeo-
logical and geological conditions on the site, data regarding
the physical and chemical status of the contained radwaste,
its levels of activity and radioisotopic composition. As a re-
sult, an assessment is made of how environmentally danger-
ous the facility truly is and what are the weakest areas in its
system of engineered protection.

On the basis of that assessment, a model is made to pre-
dict degradation of the engineered barriers and possible
mechanisms for migration of radionuclides outside of the
facility, and preliminary engineering and technical meas-
ures are developed to help ensure that the facility is envi-
ronmentally safe.

In order to define the measures more precisely, field and
laboratory research is then performed to:

— determine potential changes in the hydrogeological and
geochemical conditions on the site, as well as changes in pa-
rameters of the host rock that may have occurred as a conse-
quence of construction and operation of the facility;

— evaluate the extent of degradation of the engineered bar-
riers;

— determine the radiological and physical-chemical status
of the contained radwaste;

— evaluate the impact that the facility has produced upon
the environment by measurement of specific activity values of
surface waters and soils around the facility;

— identify potentially dangerous zones within the facility,
engineered barriers and host rock within the site's border zone;

— establishing the potential danger that the site represents
to the environment and human health by mathematical mod-
elling.
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MABHAA TEMA: BbIBOJ] U3 IKCIUTYATALIUW P00

— YCTaHOBJIEHHE ITOTEHIINATHbHOI OIIaCHO-
¢t 00beKTa JIA Opr}KaIOHleﬁ Cpeabl 1 4eJlo-
BEKa IIyTEM MaTEMAaTUI€CKOTO MO/IEJIMPOBAHNA.

PapmanuoHHo onacHblii 06beKT / Radiation site

/

| I

BAPUAHTDI BbIBOAA U3 SKCMNYATALIUKN YnaneHue Bcero YnaneHue Han6onee KoHcepBauus 6e3
YuutbiBasi MHOroo6pasue 1 MacTabHOCTD o6bema PAO onacHbix PAO w3bATUA PAO
xpatrmauil PAO, B paMKkax cTpaTeruy BbIBOA Rgmovalofall Removal of the most Entombment without
P - P P A available radwaste hazardous radwaste radwaste removal

WJIU TIPOJITIEHUST CPOKA UX IKCILTYaTAI[UN ITPeJi-
JlaraeTcs paccMOTpeTh TpH Bapuanta (puc. 1). l / '~

IlepBbiit BapuaHT mpejanosaraeT yaaje- —
Hite u3 xpanumuma seex PAO. Takue paGo- Ypansembie 0TXOAbI Octatowmecs 0TX0Abl
THI MOTYT BKJIOYaTh U3BATHE OTXOJOB, 3a- LG s T LT
I'PY3Ky MX B KOHTeiHephl (¢ IpejBapuTesib- ; \
HBIM KOHIUITMOHUPOBAHUEM WU 6€3 Heuro), YnaneHue oTxo08 MepeBog oTx0f08
TPAHCIIOPTUPOBKY U pa3MellleHrne KOHTelHe- 13 CTaporo XpaHunmnLa B HepacTBOpUMYio popmy
pPOB B HOBOM xpanuiuiie. Konctpykium cra- Removal of waste from the Waste conversion to an insoluble form
POTO XPaHUJIHIIA JEMOHTUPYIOTCSI. ITO TO- CLRE L L ]

3BOJIAET TOJIHOCTHIO JIMKBUAMPOBATH HETa- '

HOBTOPHOE OMOHONUYMBaHNE

PekynbTuBaLusa TeppuTopum
Land recultivation

THUBHOEC BO3[[eﬁCTBHe paananmMoOHHO OITaCHO- Kounuuuonupogauue Re-concreting
ro 00beKTa Ha OKPYKAIOILYIO CPely W Hace- Conditioning
JIeHUE B MeCTe UCXOJHOr0 pa3MelleHusd, 4To ‘l‘ \!

0COOEHHO Ba)KHO IIPU OJIM3KOM PACIIOJIOAKE-

HUW HACEJIEHHOTO ITYHKTA, ¥ CO3[aTh BOKPYT
u3bsaThiX PAO HOBBIE HHKEHEPHBIE Hapbephl,

PasmeleHune B KOHTeiiHepbl
Placement into containers

Co3aaHue BepXHero
MHKXeHepHoro 6apbepa

Arrangement of top engineered barrier

BBITIOJTHEHHDbIEC N3 COBPEMEHHDBIX MaTEPHNaJJIOB v

}

1 OTBEYaloIlme COBpEMEHHDBIM Tpe6OBaHI/IHM
10 6(330TIB.CHOCTI/I7 HaJ€XHOCTHU M JIOJITOBEY-
noctu. HemocTtaTku: M0CTAaTOYHO IJIUTEJH-
Hbl€ CPOKHM peasn3alnu M BBICOKWE 3KOHO-
MUYECKHUE 3aTpaThl, TTOBBITIIEHHBIN PUCK BO3-

CoopyKeHue nnowaakmn
ANA BPeMeHHOro
pa3melLeHnA KOHTeliHepoB

Construction of buffer storage area
for waste containers *

Co3paHue rMApOHeNPOHNLIAeMbIX
6apbepoB Bo BMELLAIOLUX NOPoAaX
Arrangement of water-proof
barriers in host rock

HUKHOBEHUsI aBaPUHHBIX CUTyaluil U HEeoO- '

XOZMMOCTb BBIIIOJIHEHUS MacIITaOHBbIX Olle-
paruii Mo pajiMaliMOHHON 3alIUTe TIepCcoHaa

TpaHcnopTUpoBKa KOHTeliHepoB

Co3p3aH1e CUCTeMbl MOHUTOPMHFA XpaHUAMLY
Organisation of a monitoring system

N [0 HOBOTO XpaHUNMILA for the storage facility
1 OKpyRatomen Cpebl. Transportation of containers to the
Bropoii BapuaHT mperycMaTpuBaeT pasjie- new storage facility ’
nenne Bcero o6bema PAO Ha aBe yacTu: Hau- ‘ MoHuTOpMHT XpaHunmwy
6osiee onactbie PAO (06beKTbI) U OCTaIbHON ¥ OKpYKaloLLei cpepbl
maccuB. OmacHbie PAO BbIzienIlOTCS B X0/1€ PasmelueHie B HoBOM XpaHunuie ~——- Monitoring of the storage facility
NpeBapUTeNbHON IeTabHON OlleHKN 00heKTa B e ) and the environment

7 IlepeMeraioTcs B HoBoe xpanuuiie. Ctapoe
XPaHUJIHUIIE TTO/ITIESKAT KOHCEPBAIIUN BMeCTe C
octaBmmmMucs B HeM PAO.

OcymiecTBieHNE 9TOTO CIlEHAPHS MO3BO-
JISIET TIPU JIOCTATOYHO HEBBICOKNX 9KOHOMUYECKHX 3aTpa-
TaxX 3HAUUTEJBHO CHU3UTL CYMMapHYI0 akTUBHOCTb PAO
1 BO3/IEIICTBUE HA OKPYJKAIOILYIO CPEy B MECTE UX MCXO-
JHOTO pasmenienns. HepoctaTkoM sIBisieTcst TIOBbIIIIECHIE
CTeNeHN PUCKA BO3HUKHOBEHUS aBapUITHBIX CUTYAIMH U
pa/inalMOHHOTO BO3/IeHCTBUS HA MIEPCOHAJ IIPU U3BITHH,
nepeMenieHnn 1 KoHaunonupoBann PAO.

TpeTuit BapuaHT — KOHCEPBAIMS XPAHWIHUI 6€3 U3DsI-
st PAO — mpeamosaraet, 9to Bech 06bEM OTXOIOB OCTa-
€TCsI B MecTaxX HBIHETTHETO PACTIONIOXKEHN. ITO TO3BOJISET:

— MaKCHMaJbHO CHU3WUTDL PAIUAIIIOHHOE M TOKCUYHOE
BO3/IEACTBYE Ha TIEPCOHAN, 3aHATHII oOpamennem ¢ PAO;

— MUHUMU3UPOBATH 3aTPATHI Ha 0OeCIeYene 9KOJTOTH-
4eCcKOil 6e3011aCHOCTU XPAHMJIHIIL;

— u3bexkaTb BO3MOXKHOIO IIOBTOPHOIO 3arpsi3HEHUS
OKpY>Kalollell cpesibl pu U3bATHK 1 nepemetieann PAO;

— MUHUMM3UPOBATh PUCK BOSHUKHOBEHUS Pa/[MalllOH-
HBIX aBapuii.
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Puc. 1. TexHnyeckre meponpuATHA No NOBbILIEHIO SKOTOrMYecKo 6e3onacHoCTY Npu-
noepxHOCTHbIX XxpaHunuwy PAO / Fig. 1. Technical measures to improve environmental
safety of a near-surface radwaste storage facility

DECOMMISSIONING OPTIONS

Considering the variety and scale of radwaste storage
facilities, three key options have to be considered within
the framework of strategy of radwaste storage facilities de-
commissioning or operating life extension (fig. 1).

The first option envisages removal of all radwaste from
the storage facility. The activities may include retrieval of
the waste, its loading into containers (with or without prior
conditioning), transportation and placement of containers
in a new storage facility. The structures of the old facility
would be dismantled. This will help provide complete clean-
up of any negative impact that the former radiation site had
produced upon the environment and public in its original
location, which is particularly important for site with resi-
dential communities in the vicinity, and create new engi-
neered barriers around the retrieved radwaste, ones made
of modern materials and compliant with the latest require-
ments to safety, reliability and longevity. The disadvantages

Ne32011



HIGHLIGHT: NUCLEAR DECOMMISSIONING

CpenHe- u Hu3KoakTUBHble PAQ (nnowaab pasmeLyeHuns 60 Tbic. )
Intermediate and low level radwaste (storage area — 60 thousand m’)

BapuanTt 1 - ypanenue
Bcero o6bema PAO

Option 1- removal
of all radwaste

Ocrarowasnca yacrb PAO otxopoB / Remaining radwaste

Bapuanr 2 - ypanenue
Hau6onee onacHbix PAQ
Option 2 — removal
of most hazardous
radwaste

BapuaHT 3 - KoHcepBaLua
XpaHunuwa 6e3 n3batua PAQ

Option 3 — in-situ entombment
without radwaste removal

Ynanaemas yactb PAO / Removed radwaste

Bapuant 2/1
06bem PAO — 98% CymmapHas akTMBHOCTb ~~31%
Mnowaab pasmeLweHna — 60 Tbic. m”
Option 2/1
98% of radwaste Total activity ~ 31%
Location area 60 thousand m*

Option 2/2

BapuanT 2/2
06bem PAO — 85% CymmapHasa akTBHOCTb ~~ 7%
Mnowaab pa3meLyeHns — 50 Tbic. M*

85% of radwaste Tota/ activity ~ 7%
Location area 50 thousand m*

Bapuanr 2/2
06bem PAO - 15%
CymmapHas akTuHoCTb — 93%

Bapuanr 2/1
06bem PAO - 2%
CymmapHan akTUBHOCTb — 69%

Option 2/1 Option 2/2
2% of radwaste 15% of radwaste
69% of total activity 93% of total activity

Puc. 2. BapviaHTbl NOBbILWEHNA SKONOrnyeckoi 6esonacHocTn o6bekToB KUXK / Fig. 2. Options for improvement of environmental conditions at Kirovo-

Chepetsk Chemical Plant

Opnnako Bech maccuB PAO ocraeTcst Ha MecTe, 4TO
npu 6JIM3KOM PACIIONIOKEHUN HACETEHHBIX TIYHKTOB, PEK
M BOJOEMOB BBI3BIBAET OIPe/eIeHHOe COInaibHOEe Ha-
NpsiKeHUe.

J1J1s1 KaskJ10T0 TIPUTTOBEPXHOCTHOTO XPAHUJIHIIA, UCXO/IS
13 PeaJbHbIX YCJIOBUI €ro pa3MelleHnst U COCTOSTHUS WH-
JKEHEPHBIX OaphepOB, Ha CTaANK Pa3pabOTKN TEXHUYECKUX
U OpPTaHM3aIMOHHBIX PeHIeHUIl MOTYT OBITh PACCMOTPEHBI
KaK BCe TPU MOAXO0/1a K 00ECIIeYEHNIO 9KOTOTHIECKON 6e30-
MMaCHOCTH, TaK U KOHKPETHO OJINH U3 HUX.

YAANEHUE PAO

Uzbsatue PAO u3 06beKTa MOKET OCYIIECTBISATHCS Me-
XaHUYECKUM CHOCOOOM OrPY30YHO-PA3rPy30YHBIMU Ma-
HIMHAMW ¥ MEXaHU3MaMM, HallpuMep, IKCKaBaTOPaMH, I0-
rpysunkamu. [lyist yaaierust 0cobo OMacHBIX OTXOJO0B BO3-
MOJKHO HCIIOJIb30BAHNE ABTOMATH3MPOBAHHON HIIH POOOTHU-
3UPOBAHHON TEXHUKH [J, 6].

YiaseHnble W3 XPaHWJUI] OTXO/bI TIO/[BEPraloT KOH-
JUIIMOHNPOBAHMIO, KOTOPOE BKJIIOUAET: X COPTUPOBKY IO
BU/IAM, y/IETBHON aKTUBHOCTH, PAIUOHYKIHAHOMY COCTa-
By, CHIDKEHIE 0ObeMa 3a CUeT JOTOJHUTETLHON Tepepa-
GOTKM WJIM JIE3aKTUBALMHU, BKJIIOYCHUE B MaTPUYHbIA Ma-
Tepuas (LEMEHTHBII KaMeHb, CTEKJIONOAOOHYI0 Marpu-
1y) u pasMeleHre B KoHTeiiHepax (MeTauimyeckux 604-
KaX, sKejie300eToHHbIX KoHTeliHepax Tuna H3K u T.1.).
Konpunmnonnposanabie PAO TOTOBBI K 1OCIIEAyIONIEMY 3a-
XOPOHEHUIO Ha PernoHaNbHbIX 06bekTax. Ciemyer 3apanee
IIPE/LyCMOTPETH CO3/1aHIe HOBBIX IIPOU3BOJCTBEHHBIX I1JIO-
maziell U1t BBIIOTHEHWST YKA3aHHBIX ONepaliii 1 BpeMeH-
HOTO pPa3MeleHns KOHTEIHepOB.

Criocob 1 cTouMOoCTh TpaHcrmopTupoBku PAO saBucsT
OT THIIA U PACCTOSHUS 10 HOBOrO Xpanusuiuia. Haubosee
CIIOKHOM M 3aTPaTHOI onepaimeil npu obpanennn ¢ yaa-
JIIEMBIMM OTXO/IAMU SIBJIIETCS COOPYsKEHIE HOBOTO XPAHU-
JIUIIA.

KOHCEPBALNA XPAHUNULL

Ecnu pagroHyKIMIbl JIOKAJIU30BaHBl B BOIOPACTBO-
puMOi hopMe, JUIST SKOTOTHIECKON 6e30TMacHOCTH XPaHH-
JIMIIA UX HEOOXOANMO MEPEBECTH B HEPACTBOPUMBIE (MIIH

Ne 32011

of the option are as follow: rather long implementation time
and high costs, increased risk of accident and need to put in
place extensive measures for radiation protection of person-
nel and the environment.

The second option envisages separation of the entire
radwaste inventory into two parts: the most hazardous rad-
waste (or objects) and the rest. The hazardous radwaste
would be identified during preliminary site evaluation and
moved to a new storage facility. The old storage facility
would be entombed together with the balance of radwaste.

This option is associated with relatively small economic
costs while providing for a significant reduction in total activ-
ity of the radwaste and its impact upon the environment at
their original location. The disadvantage of the option is in-
creased risk of accident and personnel exposure during waste
retrieval, transfer and conditioning,

The third option is entombment of the storage facility
without retrieval of radwaste — presuming that the entire
waste inventory will remain where it currently is. This al-
lows for:

— maximum reduction of radiation and toxic impact on
personnel involved with radwaste management;

— minimisation of costs associated with provision of envi-
ronmental safety of the storage facility;

— prevention of potential re-contamination of the environ-
ment as a consequence of radwaste retrieval and movement;

— minimisation of radiation accident risk.

However, the whole radwaste inventory will stay at its
current location, which, given its proximity to residential ar-
eas, rivers and other water bodies would create certain social
tension.

During selection of technical and organisational meas-
ures for environmental safety assurance on each specific
near-surface radwaste storage facility, consideration may be
given to all three options based on actual site conditions and
status of engineered barriers, or to one individual option in
particular.

RADWASTE REMOVAL
Radwaste can be retrieved from the facility using mechani-
cal means such as excavators or loaders. Particularly hazard-
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MABHAA TEMA: BbIBOJ] U3 IKCIUTYATALIUW P00

PE3YILTATbI YKPYNHEHHbBIX SKOHOMUYECKUX PACHETOB 111 O6BEKTOB K4XK

RESULTS OF PRELIMINARY COST ESTIMATION FOR CLEAN-UP AT
KIROVO-CHEPETSK CHEMICAL PLANT

ous waste may be removed using automated machin-
ery or robotics [5, 6].
The waste removed from the storage facility

MNokasatenb BapuaHT 1 | Bapuant2/1 | Bapmant2/2 | Bapuanr3 | would be subjected to conditioning, including: segre-
Indicator Option1 | Option2/1 | Option2/2 | Option 3 gation by type, specific activity, radionuclide compo-
sition; volume reduction by additional processing or
O6ume 3aTpathl Ha pe- . . .. .
6 decontamination, incorporation into a matrix mate-
2n13aniio, MPA Pyo. 64,7 56 14,2 43 : : :
Total implementation ' / ' ' rial (cement stone, glass-like matrix) and placement
costs, billions of roubles into containers (metallic drums, NZK reinforced

TPY/IHO PACTBOPUMBIE) XUMUYECKUE COeIMHEHUS. DTO OCY-
IIECTBJISIETCS TTyTEM B3aUMOJIEHCTBIS MCXO/IHBIX COe/[He-
HUIl ¢ XUMHUYECKUMH KOMIIOHEHTaMH.

3areM BeCb MAacCHB OTXOJIOB BKJIOYAIOT B HOBBIH Ma-
TPUYHBIN MaTepuajy METOJOM MOBTOPHOTO OMOHOJMYIBA-
Hus 3, 4]. Jannenii ciocod npeaycMarpuBaet: OypeHue u
060pyI0BaHe TEXHOJIOIMYECKUX CKBAKUH B XPAHUJIMIIE
OTXOJIOB; IPUTOTOBJIEHNE W HaTHETaHNE B TOJIIY OTXO/OB
TAMIIOHAKHOTO PACTBOpPA; McciaeoBanne d(PpheKTUBHOCTH
CO3/[AHUSI MATPUYHOTO Marepuasa; Mmpu HeoOXOAUMOCTH
MOBTOPHYIO T10/Iauy TAMIOHA’KHOTO PACTBOPA.

[ToBTOpHOE OMOHOJIMYMBAHKE TIPEIOTBPAIIACT IIPOHUK-
HOBEHME aTMOC(EPHBIX OCA/IKOB B XPaHWJIUINE, KOHTAKT
BOJIBI C MaTE€PUATIOM MATPHUIbl U PAJNOHYKJINAAMH U, CJIe-
JIOBATEJIbHO, pa3pyllieHne MaTPUIIbl 32 CUeT H/paTainn 1
pa3MbIBa, a TakXKe BBIIEJIaYNBaHIe PAJNOHYKINIOB 1 I'H-
JIPABJINYECKIH YHOC METKUX YacTHIL [4].

[l ipeioTBpAIeHNs pa3pyIaoiero Bo3eCTBI Ha
HHKeHEPHbIe 6Hapbephl BHEITHUX TIPUPOAHBIX (haKTOPOB (B
TEPBYIO 04Yepe/ib MUKJIOB «ITPOMep3aHne — OTTauBaHuey 1
aTMOC(hEPHBIX OCAJKOB) HaJ[ XPaHUJIMIIEM BO3BOJAT 3a-
IMUTHLIHN 9KpaH [3, 4].

Ecnu BMemmaiommii MaccuB Ha TEPpUTOPUM 00bEKTa
[peJICTaBIeH OOBOJHEHHBIMU [ECYAHBIMU TIOPOIAMME, TO
HEeOOXOIUMO COOPY’KEHUE JIOMOJHUTENHHOTO 3alTHOTO
9KpaHa — TUIPOHENPOHUIIAEMOr0 Hapbepa, 3alUIAIOIIEro
coopysKeHne 0T GOKOBOTO MOATOILIEHUS TPYHTOBBIME BOJIA-
mu. Bapeep dopmupyercst GypeHrneM CKBayKMH U HaTHeTa-
HIEM B 00BEM TIECYAHBIX TTIOPOJT TAMITOHAKHOTO PacTBOPA,
06pa3yIONIETO THAPOHETPOHUTIAEMYIO CTEHY.

[Tocse koHCepBary XpaHuanIa GopMUPYeETCs CUCTe-
Ma MOHMTOPHUHIA, YTO [peAycMarpusaet Oypenue u 060opy-
JIOBAaHUE CETH CKBAKUH JIJIS IEPUOMYECKOro 0TOOpa U pa-
JIMOMETPUYECKUX MCCAe0BAHNI TPoO BOAbI. MOHUTOPUHT
HPOBOJAT BIUIOTH 10 OKOHYAHUS BBIBOZA OOBEKTA 13 IKC-
mJIyaraiuu, Korjia padmeliieHubie B HeM PAO mepectanyT
IIPE/ICTABJISITD OTIACHOCTD JIJIs1 OKPYsKAIOIIel Cpeibl 1 YeJio-
BeKa.

BAPUAHTbI BbIBOAA U3 IKCMAYATALIMK

OBBEKTOB KYXK

PaspaboraHmast cTparerusi BbIBOJA M3 IKCILIyaTal[ii
Obliia peasi3oBaHa Py OTpeeJieHnn OyAyIero 06beKTOB
Kuposo-Uenenkoro xumudeckoro komOmuara (KYXK),
JUIATEJIbHOE BPEMsI 3aHUMABILETOCs 11epepaboTKON ypaHo-
BOTO CHIPbSI.

C 3amnajia 1 ceBepa eCTeCTBEHHON rpaHuIleil TIIOIIa/IKN
KYXK cayskuT peka — OCHOBHAsI BOJ[HAsI apTepusl paiioHa,
HCTOYHUK XO3SMCTBEHHO-TIMTHEBOTO BOAOCHAOKEHWS Ha-
CEeJIEHHOTO TIYHKTA, PACIIOJIO;KEHHOTO HIKE 110 TeueHuio. B
rpejiesiax MolMbl 1 IEPBOI HA/IITOMMEHHOI Teppachl paciio-

BE30MACHOCTb ALEPHbBIX TEXHONOMM 1 OKPYXAIOLEV CPE[bI
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concrete containers, etc.). Conditioned radwaste
would then be prepared for subsequent placement into region-
al repositories. New production areas should be provided for
the performance of operations described above and for tempo-
rary buffer storage of the containers.

The method and cost of radwaste transportation will
depend on the type and distance to the new storage facil-
ity. The most complex and costly operation during manage-
ment of removed waste would be the construction of a new
storage facility.

STORAGE FACILITY ENTOMBMENT

If the radionuclides are available in a water-soluble form,
in order to ensure environmental safety of the storage facility
they should be converted into non-soluble (or hardly soluble)
chemical compounds. This is to be performed by interaction
between the original compounds and chemical reagents.

Then, the full waste inventory would be incorporated into
a new matrix material by re-concreting [3-4]. This method
implies the following: drilling and arrangement of process
boreholes in the stored waste; preparation and injection of a
grouting mortar into the waste; studies of matrix material ef-
fectiveness; if necessary, re-injection of grouting mortar.

Re-concreting prevents ingress of atmospheric precipita-
tion into the storage facility, contact of water with the matrix
material u radionuclides and, consequently, deterioration of
the matrix by hydration and washing, as well as leaching of
radionuclides and hydraulic transport of fine particles [4].

In order to prevent destructive impact of natural external
factors (primarily freeze-thaw cycles and atmospheric precipi-
tation) upon the engineered barriers, a protective canopy is
built above the storage facility [3, 4].

If host rock on the site is water-logged sandy, then an ad-
ditional protective screen must be arranged — a water-proof
barrier to protect the facility from lateral flooding by ground
waters. The barrier is arranged by drilling boreholes and injec-
tion of grouting mortar into sandy rock, thus forming a water-
proof wall.

After conservation of the storage facility, a monitoring sys-
tem would be set up, including the drilling and arrangement of
a network of wells for periodic collection and radiometric ex-
amination of water samples. Monitoring must remain in place
until final decommissioning of the facility, when the radwaste
that it accommodates will cease to be dangerous for the envi-
ronment and human health.

DECOMMISSIONING OPTIONS FOR KIROVO-CHEPETSK

CHEMICAL PLANT FACILITIES

This decommissioning strategy was used for determining
the future of facilities located on the site of the former Kirovo-
Chepetsk Chemical Plant, which had for an extended period
of time been involved with uranium processing operations.
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HIGHLIGHT: NUCLEAR DECOMMISSIONING

Jioxkenpl xpanusuiia PAO — mpuioBepxHOCT-
HOTO THMA, 060PY/I0BaHHbIE GETOHHBIMU MHIKe-
HEepHBIMEU OapbepaMi MM 0OBaJIOBaHHBIE TJIH-
HOM, a TaK)Ke MIJIAMOXPAHUJIUIIIA.

Boutn paccMOTpeHbI Bce TPU BapHaHTa BbI-
BOJIa WJIN TIPOJITIEHNS WX 9KCTTyaTaiuu (puc. 2),
nmpudeM npu gactTnaHoM yaanennn PAO mpocun-
THIBAJIOCH UsbaTHE 2% 1 15% 00bemMa OTXOI0B
(BapuanTsl 2/1 1 2/2).

[Tpu paccMOTpeHUU BapUaHTOB BCE XPaHU-
suiia PAO 6bln mipejicTaBieHbl KaKk OJHO T'H-
MOTETHYECKOE COOPYsKEeHNMe OOTIeH TITOMaIbio
60 Tbic. M 1 Try6uHoi 5 M. Bece PAO — nuskoi
U CcpejiHell aKTUBHOCTH, He BKJIIOYEHHbIE B Ma-
TPUUYHBIA MaTepuas. 3aliuTHbIe (DYHKIINK BbI-
MOJIHSIOTCST  KOHCTPYKIIMAMKM  XPAHWUJIUINA U
BMEIIAIOIIUMU TIOPOIaMU.

C TOYKM 3peHus dKOJOruYecKoil Gesorac-
HOCTH MPEANOYTUTENbHBIM ObLT IIPU3HAH Bapy-
ant 2/2, nospoJsiomuii yaamurs 15% obbema
OTXOJIOB C CYMMAapHOU aKTUBHOCTBIO 93%.

O1rleHKy 3aTpaT Ha pPeaJU3aIUIi0 PACCMATPUBAEMBIX
BAPUAHTOB BBIMOJHUIN C MPUMEHEHUEM MPOrPAMMBI
Win Cmera NEO, npuHsiB 3a 0CHOBY IieHbl HOstOpst 2008
rofa. /lJist cOnocTaBUMOCTH BApUAHTOB 110 BPEMEHHOMY
(akTopy GBIIIO TIPUHSTO, YTO CPOK PEATM3AINH KasKI0TO
CIIeHAPUsT COCTABUT OJIUH TOJI.

IKOHOMHUYECKIE PACUETHI MOKA3BIBAIOT, YTO HAUMEHb-
MIUX 3aTpaT MOTpebyeT peasnsanus TPETHETO BapuaHTa —
KoHcepBanus xpanuania 6e3 usbsatus PAO (cm. Tabmy).
Ocyl1iecTBiieHre ClieHApHeB, CBSI3aHHbBIX C Y/aJeHneM va-
ctu wim Beero oobema PAQO, BesieT K BO3pacTaHMIO 3aTpar,
HEOOXOAMMBIX ISl TIOBBIIIEHNsT HaJeKHOCTH OOBEKTOB.
[Tpu aTOM POCT PACXOOB MPSIMO TIPOHOPIMOHATIEH 00bEMY
usbiMaeMbix PAO.

PaspaboTaHHble TeXHUYECKHE PENIeHus 10 obecrede-
HUIO 9KOJIOrryYecKoii 6ezonacuoctu xpanuiui PAO KUXK
(hOpMUPYIOT OCHOBHBIE HATTPABJIECHMST OOPATIEHHUS C M3bIMa-
€MBIMU ¥ OCTAIONIMICS] OTXOaMI.

[Tpeioxennyio cTpaTeruio BO3MOKHO Peajn30BaTh 1
MIPY BBIBOJIE M3 SKCIUTyaTAIUN APYTUX PATUAIMOHHO OI1ac-
HBIX 0OBEKTOB.
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Puc. 3. KoHcepsauus xpanunuwa PAO / Fig. 3. Entombment of RW storage facility

On the west and north, the natural boundary of the Kirovo-
Chepetsk Chemical Plant site is a river — the main waterway
of the region, a source of drinking water for the local commu-
nity, which is located downstream of the site. The floodplain
of the river and the first terrace above it accommodate the
radwaste storage facilities, which are near-surface type, fitted
with concrete engineered barriers or embanked with clay, as
well as sludge dumps.

All three options of decommissioning were considered, as
well as the extension of operating life option (fig. 2), with as-
sessments also made for partial removal of 2% and 15% of the
waste inventory (options 2/1 and 2/2).

For consideration of the options, all stored radwaste was
represented as a single hypothetical construction with 60
thousand m? total area and 5 m depth. All radwaste falls into
the intermediate and low level categories and is not incorpo-
rated in a matrix material. Protective functions are performed
by the structures of the facility and by host rock.

From the environmental safety viewpoint, option 2/2 was
seen as the preferred one, allowing for removal of 15% of the
waste, accounting for 93% of total activity.

Estimation of costs for implementation of the various con-
sidered options was performed using the Win Smeta NEO
software package, setting November 2008 prices as basis. In
order to provide a reasonable time framework for comparison
between the options, it was assumed that the implementation
of every option would take one year.

Estimation demonstrates that the one associated with
least expenditures is option three, i.e. entombment of the
storage facility without removal of any radwaste (see table).
Implementation of any scenario associated with removal of
some or all of the waste would lead to extra costs required to
improve the reliability of the facility. The cost increase is in
direct proportion to the amount of radwaste that is removed.

The technical solutions that have been developed to en-
sure environmental safety of the radwaste storage facilities on
the site of the former Kirovo-Chepetsk Chemical Plant pro-
vide key directions for management of waste, both that to be
retrieved and that to remain in the facility.

The proposed strategy may also be applied for decommis-
sioning of other radiation sites.

NUCLEAR & ENVIRONMENTAL SAFETY
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