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OnbIT U NEPCIEKTUBDI

PA3BUTUA TEXHOIOTUNA

OBPALLEHNA C PAO

AAORY

HA Iyt MOCHMNO «PAAOH»

DEVELOPMENT OF RADWASTE
MANAGEMENT TECHNOLOGIES

O.A. INOAHOB, 4,.T.H.,

Hay4yHo-uccnepoBaTtenbckoe COMPOBOXAEHME MpaKTU4e-
CKWU BCeX HanpasBneHuii paeatenbHOCTM obecneumBaeT yHU-
KanbHocTb MocHIMO «PagoH» cpean Apyrux npeanpuatTum
aHanoruvHoro npoouna. HaumHas ¢ 1980-x rogos, K pabo-
Te B MocHIMO «PagoH» akKTUBHO NPUBAEKANAUCb Mmonogble
Hay4Hble U MHXXEeHepHble Kagpbl, pa3BUBaNUCb HOBble Ha-
npaBAeHUA NO COBEPLUEHCTBOBAHMUIO CTapbIX U pa3paboTke
HOBbIX TexHonorui obpaweHus c PAO — u ¢ TeueHnem Bpe-
MEHM 3TO Aa/I0 CBOU pe3y/bTaTbl.

Cpa3y BblAENNNOCb HECKOJIbKO Hal'lpaB}'IeHVIl‘/‘l VICCI'IeAOBaHVIVI,
KOTOpPble NPpUBENUN K 3HAYUMbIM O0CTUXKEHUAM B obnactu 06pa-
WeHnA C paanoaKTUBHbIMU OTXO4aMMU.

CO34AHUE CTALUMOHAPHDIX

U NEPEABUXHbBIX YCTAHOBOK

OYNCTKU U KOHUEHTPUPOBAHUA

KUOKUX PAO

HaunHaa c cepeamHbl 1980-x rogos, NPOBOAMAUCH pa3pa-
60TKa 1 BHeapeHUe TeXHONOrMI n 060pya0BaHUA ONA OUYUCTKU
*Kuakux PAO pasninyHoro npoucxoxaeHusa. boinn paspabotaHbl
YCTaHOBKM Cepumn «IKo» — MObUbHbIE (@ B NocieaHel Bepcun
— ¥ MOAYNbHbIE) YCTAHOBKM ANA O4UCTKM XKuakux PAO c coneco-
AeprkaHunem ao 30 r/n [1-2].

OHU NpeacTaBnAT cObOW 3aKOHYEHHYO cucTemy obpaboT-
Kn XKPO, NOCKO/IbKY BKAHOYAIOT:

— MOZY/IN BOAOOUYNCTKM C OAHOBPEMEHHbIM KOHLEHTPUPOBaA-
HUEeM PaaMOHYKANO0B;

— MOZy/nb pas3mbiBa, 3abopa M CrylleHua LWaaMoB U3 em-
KocTel-xpaHunuw, (ero npumeHeHve obecneymBaeT MoNHOE
0CBOBOXKAEHNE EMKOCTH OT KUAKMX PAO);

— MOZy/b LEeMeHTUPOBAHUA BTOPUUHbIX PAaMOaKTUBHbIX OT-
xof08B (0TpaboTaBwumx copbeHTOB, GUNLTPYIOLLMX MaTEPUA/OB,
GUABTPALMOHHbBIX U MEMBPAHHbIX 3/IEMEHTOB, paccosios), obpa-
3YIOLLMXCA NPU 04MCTKe Knakux PAO.
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0.K. KARLINA, Candidate of Chemical Science (Radon Moscow)

Ongoing scientific research to support practically all of its
operations makes Radon Moscow unique among similar
companies. Since the 1980s, Radon Moscow has been ac-
tively employing young scientists and engineers, developing
new and upgrading old radwaste management technologies
- all of which eventually bore fruit.

Several areas of research have produced major achievements
in the field of radioactive waste management.

STATIONARY AND MOBILE LIQUID RADWASTE

TREATMENT AND CONCENTRATION PLANTS

Since the mid-1980s, work has been on-going to develop and
implement technologies and equipment for treatment of liquid
radwaste of various origins. The Eco series of plants were devel-
oped (mobile, and most recently, modular) for treatment of lig-
uid radwaste with up to 30 g/litre salt content [1-2].

The plants provide a compete liquid waste treatment system
as they include:

— water treatment modules with simultaneous concentration
of radionuclides;

— a module for washing, recovery and thickening of sludge
from the storage tanks (capable of full removal of all liquid rad-
waste from the vessel);

— a module for cementation of secondary radioactive waste
(spent sorbents, filtering materials, filtration and membrane ele-
ments, brines) generated from liquid radwaste treatment.

Therefore, treatment of liquid radwaste produces water that
is sufficiently clean so as to meet radiation safety standards, and
conditioned secondary radwaste packaged into standard metal
drums (200 litres of volume) or standard non-returnable con-
crete NZK casks [3].

Another variant of a mobile modular plant is the Aqua-
Express, used for radionuclides removal from solutions with
chemical composition close to that of surface waters [4].
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Takmm obpasom, nocne
06paboTkM Kuakmx PAO no-
NY4HaOT OYMLLEHHYIO [0 HOPM
pagvaumMoHHon  He3onacHo-
CTM BOAY M KOHAMLMOHWUPO-
BaHHble BTOpuYHble PAO B
CTQHAAPTHLIX MEeTaINYeCcKnX
6oukax (o6bemom 200 n) mnu
CTaHAAPTHbIX  HEBO3BPATHbIX
GETOHHbIX KOHTEeMHepax Tuna
H3K [3].

Opyron  BapuaHT  nepe-
OBWKHOM MOZY/NbHOM YCTAHOB-
Kn — «AKBa-dKcnpecc», npes-
Ha3Ha4YeHHasA 417 OYMCTKM OT
PagMOHYKNNMAO0B PacTBOPOB C
XUMUYECKMM COCTaBoM, 6am3-
KMM K COCTaBy MOBEPXHOCTHbIX
Bog, [4].

YcTaHoBKa  pabortaer C
npuMeHeHMem CopbeHToB MU
MOHOOBMEHHbIX MaTepuanos.
B HeobxogMmbIx cnyyasx wmc-
NONb3YIOTCA TaKXKe YAbTPAadUABTPALMOHHBIN, MUKpOodUAbTPa-
LMOHHbIM M (c 2010 roga) o6paTHOOCMOTMYECKUIA annaparTbl.
O6opyaoBaHue npeactaBnseT coboit manorabaputHbie Moaynm
M MOMKET 6bITb ONEPATUBHO CMOHTMPOBAHO Ha Pa3/IMYHbIX MNJIO-
waaKax B61M3N UCTOYHMKOB (6aKoB, pe3epByapoB) 3arpsA3HeH-
HOM BoAbl. OUMCTKY MPOU3BOAAT MO TEXHONOTMYECKOM Lenoyke
«un3bupaTenbHan copbums — ynsTpaduabTPaLmMa», YTO NO3BONAET
cbpacbiBaTb HEPAAMOAKTUBHbIE CO/IM BMECTE C OUYMLLEHHOM BO-
OO,

C NOMOLLbIO YCTAHOBOK «JKO» BbINO/HEHbI PaboTbl Mo Ae-
3aKkTnBaumm *Kngknux PAO Ha Bonrorpagckom, Huxkeropogckom,
CapaToBckom, MypmaHCKOM M POCTOBCKOM cneukoMbuHaTax
«PafoH», a TaKkXKe Ha NAoLWaAKax 3aKa3uMKoB — B XpaHWUMLIE
«MwpoHoBa ropa» npegnpuatna MO «Cesmaw» u LeHTpe cygo-
cTpoeHua «3Be3godka» (ropos CeBepoABMHCK ApxaHrenbCKown
obnactu) [5], Ha obbekTax ®ryn «CesPAO» B rybe AHapeesa
(MypmaHcKan obnacTb) U T.A4.

CerogHa B HayuyHo-npoussoacTeeHHoM Komnaekce MocHIMNO
«PapoH» AelCTBYIOT MOAY/bHbIE YCTAHOBKM «9K0-3M» u «AKBa-
Skcnpecc». Kpome TOro, yCTaHOBKM «AKBa-dKCnpecc» MnocTaBs-
neHbl B PoctoBckoe otaeneHve ®PIYM «PocPAO», a Takke B
pAag 3apybekHbIx cTpaH — MpaH, Banrnagew, Cuputo, Cepbuto,
Y36eKuncTaH, PymbiHuIo, A3epbaliarkaH.

BaKHbIM HanpaBneHWEM pa3BUTMA ABAsSeTcs pa3paboTka
6apomembpaHHbIX TEXHONOMMIN O4YUCTKM XKnakux PAO. Ha npega-

e,

Puc.1. NepBas nepeaBuKHas MOAY/bHAsA YCTAaHOBKA CEPUM «IKO»
Fig. 1. First mobile modular Eco plant

The plant uses sorbents and ion-exchange materials. If nec-
essary, ultra-filtration, micro-filtration and (since 2010) reverse
osmosis apparatuses may also be used. The equipment is made
as small-size modules and may be quickly installed at various lo-
cations near the sources (tanks, vessels) of contaminated water.
Treatment is performed using the "selective sorption — ultra-
filtration" process sequence, meaning that non-radioactive salts
can be discharged together with purified water.

The Eco plants have been used for treatment of liquid
radwaste at Volgograd, Nizhny Novgorod, Saratov, Murmansk
and Rostov Radon sites, as well as at client sites at Mironova
Gora of Sevmash and Zvezdochka shipyard (in Severodvinsk,
Archangelsk region) [5], at SevRAO site at Andreyeva Bay
(Murmansk region), etc.

Currently Radon Moscow operates modular Eco-3M and
Aqua-Express plants. In addition, Aqua-Express plants have been
supplied to RosRAO Rostov, as well as to a number of foreign
countries: Iran, Bangladesh, Syria, Serbia, Uzbekistan, Romania,
Azerbaijan.

Another important area is development of baromembrane
technologies for liquid radwaste treatment. The company has also
developed reverse-osmosis plants for liquid radwaste treatment
with capacities ranging from 0.5 m3/hour to 10 m*/hour, which are
currently being used in production and for laundry/decontamina-
tion purposes at Radon Moscow [6-7].

JET

(1)

Puc. 2. MoaynbHas ycTaHoBKa «JKo» (1) ¢ mogynem 3a60pa AOHHbIX 0CAAKOB U3 EMKOCTEN-XPaHMAULL uaKmx PAO (2) n mogynem LemeHTm-
posaHus (3) / Fig. 2. Modular Eco plant (1) with a sludge intake module from liquid radwaste storage tanks (2) and cementation module (3)
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npuaTMM paspaboTaHbl ycTa-
HOBKM 06paTHOOCMOTUYECKOM
OYMCTKM Xuakmx PAO npowms-
BoauTeNnbHOCTbIO OT 0,5 m3/u
00 10 m3/u, KoTopble B HacToA-
uiee Bpemsa WCMO/b3yTCA B
HayyHo-npon3soACTBEHHOM
KOMMN/IeKce M cneunpayvyeyHom
KOomMbUWHaTa Ae3aKTnBaumm
cneuoaexapl U obopyaoBaHus
MocHMNO «PagoH» [6-7].

B panbHenwem npegnona-
raeTca MogepHu3aLumna ycTaHo-
BOK /1A NpeABapuTeNbHOM ae-
3akTnBaumm *KPO —BHeapeHHne
MWKPO- uAn ynbTpadunbtpa-
LMOHHbIX YCTAaHOBOK OYMUCTKM
OT B3BELUEHHbIX M KONJTOUAHbIX
npumecen [8].

Bonblioi onbIT U aBTOPUTET CeunasncToB NpeanpuaTua B
obnactn obpalleHuns ¢ Kuaknumu PAO no3BonflT MM y4acTBO-
BaTb BO MHOMMX OTEYECTBEHHbIX U MEXAYHAaPOAHbIX MPOEKTax, B
TOM ymcne nog arnaon MATATS. MNMpuyem paboTbl MO NPOEKTaM
BK/IIOYAIOT He TONbKO Ae3akTuBauumio xuakux PAO Henocpea-
CTBEHHO Ha OObEKTax 3aKa3uMKa, MOCTaBKY M 3aMyCK YCTaHOBOK,
0b6y4YeHWe nepcoHana, Ho U Hay4yHO-TEXHOIOTMYECKOE COMPOBO-
OEHMM NPOEKTUPOBAHMA, U3rOTOBNEHUA W BBOAA B dKCMayaTa-
LUMI0 MoLHOCTEN no nepepaboTtke Kuakux PAO [9]. B kayecTse
npMmepa MOXHO MNPUBECTM YCTaHOBKY «[lyHai», npeaHasHa-
YEHHYI O OYUCTKM MUOKUX PagnoakTUBHbIX oTxogoB A3C
«Kosnoayi» (bonrapus).

TEXHONOTMU AESAKTUBALIUU

KYBOBbIX OCTATKOB A3C

KyboBble ocTaTkM npeactaBnaoT coboil BbiCOKOCONEBbIE
pacTBopbl ¢ 06beMHOM aKTMBHOCTbIO 10°-10° BK/A, 3arpasHeH-
Hble NMPOAYKTaMU AeNeHUA, PaAUOHYKANAAMU KOPPO3UOHHOTO
npoucxoxgerua (¥7134Cs, ©Co, **Mn) u pasnMuHbIMK Belle-
CTBaMM, UCMONb3yEMbIMWU AN Ae3aKTUBaLMM 060pyL0BaHUA U
NoAAepKaHUA BOAHO-XMMUYECKOTO pexuma. [ina pesaktusa-
UMK KyboBbix octaTkoB B MocHMO «PagoH» COBMECTHO C ps-
aom opranmsaumii (BHUUAIC, 3A0 «PAOTEX», 3A0 «AnbsHC-
lamma») pa3paboTaHa TEXHONOTMA MOHOCENEKTUBHOW OUUCTKM,
KoTopas bbina onpoboBaHa B 1aboOpaTOPHbIX YCOBUAX HA pas-
NINYHBIX poccuiicknx ASC — KanmHUHCKoM, HOBOBOPOHEMKCKOM,
JNleHuHrpaackon, Konbckoi, KypcKol, a TakKe Ha peaKkTopHOM
ycTaHoBke BH-350 (ropog AkTay, KasaxctaH). Ha Kosnbckoit ASC B
2008 rogy 3anyuieHa B 3KCNyaTaLMio NPOMbILINEHHAA YCTaHOB-
Ka (puc. 6) npoussogutenbHocTbio 0,5 m3/uac [10].

[na Nepsoit B Mmpe ASC pa3paboTaHa TEXHONOTMA KOHAMLMO-
HUPOBAHUA UAKUX PAfMNOAKTUBHbLIX KOHLLEHTPATOB C MCMO/b30-
BaHWEM CENeKTUBHOM copbuumn U LemeHTUpoBaHuaA. Myck ycTa-
HOBKM Ha OCHOBE 3TOW TeXHONOrMK NiaHupyetcsa Ha 2013 rog, [11].

B HacToslee Bpema NpoBoAATCcA UCCefoBaTeNbCkue pabo-
Tbl MO pa3paboTKe TEXHOMOMMM OYUCTKM Apyrmux otxogos AIC —
nnasa conen n nynbn GuabTpomaTepmanos (B OCHOBHOM, MOHO-
06MEeHHbIX cMmon).

KOHAWUNOHUPOBAHUE OTPABOTABLLUUX

PAOANOHYK/IUOHBIX UICTOYHUKOB

Ona KOHAMUMOHMPOBAHUA OTPaboTaBLUMX PASUOHYKAUA-
HbIX McToYHMKOB (PHU) ¢ cepeguHbl 1980-x rogos B MocHIMNO

BE3OMACHOCTb AZEPHbIX TEXHONOTUI U OKPYXKAIOLLEEM CPEABI
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Puc. 3. YcTaHOBKA «9Ko» Npu NpoBeaeHnM paboT No o4nCTKe KUAKUX PAO 13 eMKOCTU-XpaHuAuLWa
Fig. 3. Eco plant during liquid radwaste treatment retrieval from a storage tank

It is expected that in future the plants will be upgraded for
pre-decontamination of liquid radwaste: mirco- or ultra-filtration
treatment apparatuses for removal of suspended particles and
colloidal admixtures will be implemented [8].

Extensive experience and professional esteem in the field of
LRW management of the company supports involvement in nu-
merous domestic and international projects, including those under
the auspices of the IAEA. Such projects often include not only de-
contamination of liquid radwaste directly at customer sites, plants
supply and start-up and personnel training, but also scientific and
technological support, design and commissioning of liquid rad-
waste processing plants [9]. A good example of that is the Dunai
plant designed and built to be used for treatment of liquid radioac-
tive waste at Kozloduy in Bulgaria.

TECHNOLOGIES FOR DECONTAMINATION

OF NPP EVAPORATOR CONCENTRATE

Evaporator concentrate is high-salinity brine with volumetric
activity levels of 105-10% Bqg/litre, contaminated with fission prod-
ucts, corrosion-related radionuclides (*¥"***Cs, ®°Co, **Mn) and
various substances used for decontamination of equipment and
ensuring of a required water chemistry. For evaporator concen-
trate decontamination Radon Moscow jointly with several other
organisations (VNIIAES, RAOTEKH, Alliance-Gamma) had devel-
oped an ion-selective treatment technology, which has been
tested in laboratory conditions at a number of Russian NPPs:
Kalinin, Novovoronezh, Leningrad, Kola, Kursk, as well as at the
BN-350 reactor installation (in Aktau, Kazakhstan). An industrial-
scale unit was commissioned at Kola NPP in 2008 (fig. 6) with 0.5
m3/hour capacity [10].

For the first NPP in the world, a liquid radioactive concen-
trates conditioning technology has been developed that uses se-
lective sorption and cementation. The plant based on that tech-
nology is scheduled for commissioning in 2013 [11].

Research is currently under way to develop treatment tech-
nologies for other types of waste produced by nuclear stations,
such as salt cakes and filtration material pulps (chiefly ion-ex-
change resins).

CONDITIONING OF SPENT

RADIONUCLIDE SOURCES

In order to enable conditioning of spent radionuclide sourc-
es, since the mid-1980s Radon Moscow has been using tech-
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«PapoH» pa3spabaTbiBaiMCb TEXHONOTUWN BK/OYEHUA UX B Me-
Ta/lIMYecKMe maTpuLbl U COOTBETCTBYIOLLME YCTAaHOBKK (cepuit
«MockuT» n « MUK»), KoTopble yCrneLwHo NPUMEHAIOTCA Ha Npea-
NPUATUK B LUTAaTHOM pexkume [12].

Hannune B MocHMNO «PafoH» [aHHbIX TEeXHOMOorMiA W
YCTaHOBOK MO3BO/MIWIO CMeuuannucTam npeanpuAaTUMA  OKasbl-
BaTb YC/NYrM MO KOHOAWLMOHWPOBaHWUIO oTpaboTaslimx PHU Ha
CsepanoBckom, Bonrorpaackom, Huxkeropoackom, bawwkmpckom,
HoBocnbupckom cneukombuHaTtax «PagoH», HOBOBOPOHEKCKOM
A3C, a TaK»Ke Ha cneuymann3mpoBaHHOM NPeANnpUATUM «DKopec»
(Benapycn) [13].

Kpome ToOro, ycrtaHoBka «MOCKUT-A» B paMKax MNpoOeK-
Ta MATATD 6blna noctaBieHa B YKpauHcKoe obbeauHeHue
«PagoH».

B HacTosAwee Bpemsa nNpeanpuaTve pacnosaraer 601blWMMK
BO3MOXKHOCTAMM (TEXHONOTUAMMK, 06OPYLOBAHNEM, OMbITHBIMMU
CNeLmanmucTamm) ana pelleHns npakTMyeckn nbbix npobaem
obpalleHuns ¢ oTpabotaswmmu PHW. B nepcrnekTuse npegycma-
TpuBaeTca pa3paboTKa TEXHONOMMU KOHAMLMOHUPOBAHUA OTpa-
6oTaBLwmx PHU, cogepralymx LONTOXKMBYLLME O- U Y-U3NTy4aTenu,
a TaK)Ke HEUTPOHHbIE UCTOYHMKM, B CTAHAAPTUIMPOBAHHBIX yna-
KOBKaX, npeAHasHa4yeHHbIX A41a 6e30MacHOro A/IMTeIbHOroO KOH-
Tponnpyemoro xpaHeHus [14-15].

CoBepLIeHCTBYEeTCA WHCTPYMEHTA/ZIbHOE UM MeToAuyeckoe
obecneyeHne pna obcneaoBaHUA XpaHUMAWULW, OTpPaboTaBLUMX
PHW. NpoBoauTca cuctematmsauma HaKoONJAEHHOro onbITa C Le-
NIblo pa3paboTKy meToanyeckoro obecneyeHuns obpalleHuns c oT-
paboTaswmnmm PHU pasnnyHbIX TUMOB.

OBPALLEHUE C TPO: COPTUPOBKA,

MPECCOBAHWE, CXUTAHUE

HeobxoguMmbiM 31eMeHTOM cucTeMbl ObpalleHus c TBep-
Abimun PAO aBnAoTcA NepeynakoBKa M pasgesieHne oTX040B Ha
noTokn, obpabaTbiBaemble MeTOAAMWN NPECCOBAHUA, CUMAHWUA,
a TaKXKe Hanpasasemble HenocpeaCcTBEHHO Ha KOHAULMOHUPO-
BaHue. PAO KpynHbIx pasmepoB U U34enA CO CNOXKHOW KOHOU-
rypaumvei noggepratotca pparmeHTtauum [16].

PAO, oTHocAwmMecAa K rpynne «npeccyemble», nepes KoH-
AVUMOHMpOoBaHMeM npeccytoT B 100-7MTpoBbIX  BOYKax.
MpenBapuTeNbHO OTXOAbI MOAMNPECCOBbLIBAOTCA HA HEHObLIOM
npecce ¢ ycunvem 20 T BHyTpu 100-mTpoBon 6o4kK 6es ee ae-
dopmaumn. OcsoboamBLLeecs MPOCTPAHCTBO 3aMOHAETCA HO-
BOW NnopLuMei 0TX0A0B, YNaKOBaHHbIX B MELLIKWU. 3aTeM yNaKoBKM
noagsepraTca KOMMNAKTUPOBAHMIO HA TMAPABANYECKOM Npecce ¢
ycuamem 1500 T: oTXoAbl CHMMAKOTCA BMecCTe ¢ HoYKamu, B pe-
3ynbTate obpasytoTca HebobLUMe NO BbICOTE LUAMHAPBI AMame-
Tpom, paBHbiM anameTpy 100-nuTpoBolt 6oukn. Ux nomellatoT B
200-nuTpoBble 6OYKM 1 3aTeM OTNPABAAIOT Ha LLeMEeHTUPOBaHWe
C nocnesyowmm pasmelleHem B cepTUOULMPOBaAHHbIX KOHTEN-
Hepax KM3 [17].

Mpouecc aBTOoMaTU3NPOBAH N KOHTPOANPYETCA NepcoHanom
C NynbTa ynpas/ieHuA B OTAE/IbHOM nomelleHnn. Bce rpysosble
M CKNafCKMe MexaHW3mbl YNPaBAAaoTCA 3N1EKTPOHHBIM Nporpam-
maTtopom [18].

Teepable PAO HWM3KOro WM cpegHero ypoBHEM aKTUBHOCTU
CMEeLIaHHOro TuNa, BKAOYasa roptouve (bymary, ApeBecuHy,
TEKCTU/Ib, MOMMEPDBI) U MUHEPAJIbHbIE (CTPOUTENBbHbLINA MyCOp,
CTEK/I0, TPYHT, WA, METaNIMYECKUA CKpan, Tenaou3onaumio)
maTepuasnbl, NoABepraoT NAa3MeHHO-NUPONUTUYECKOW nepe-
paboTke. MocHMO «PagoH» MMeeT MHOFONETHUIN ONbIT U3yye-
HUWA JAHHOTO NpoLecca U pa3paboTkM cooTBeTCTBYOLWEro 060-
pyaosaHuA.

Ne 2'2012

Puc. 4. YcTaHOBKa «AKBa-IKCNpPECC» B PAa3/INYHOM KOMMNAEKTaLUN
Fig. 4. Different versions of Aqua-Express plant

nologies of their incorporation into metallic matrices, with the
corresponding plants (the Moskit and MIK series), which are
still under routine successful operation on the Radon Moscow
site [12].

Availability of these technologies and plants at Radon Moscow
has also helped its specialists to provide spent source conditioning
services to Radon sites at Sverdlovsk, Volgograd, Nizhny Novgorod,
Bashkiria, and Novosibirsk, as well as to Novovoronezh NPP and
the Ecores specialised plant in Belarus [13].

In addition, the Moskit-A plant was supplied to Radon Ukraine
under an IAEA-supported project.

Currently the company possesses vast capabilities (technolo-
gies, equipment, and experienced staff) to address practically
any problems associated with spent sources management. Plans
include development of technologies for conditioning of spent
sources containing long-lived a- and y-emitters, as well as neu-
tron sources, conditioning of which consists in their packaging
into standardised containers suitable for safe long-term con-
trolled storage [14-15].

Instrumentation and methodologies for survey of spent
sources repositories is being developed. Available experi-
ence is being systematised with the objective of developing
the methodologies that would be suitable for management of
various types of spent sources.
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OpraHuyeckaa 4acTb OTXOZ0B NOABEPraeTcs MNUPoOaU3y B
Meyn LIAxXTHOro Tuma ¢ npomussoamTesibHocTbio 200-250 Kr/u B
YC/IOBUAX HEA,0CTATKA KMCI0POa, B TO BPEMSA KaK NpoLLecc naas-
NIeHMA LWNaKa NPOBOAMUTCA B OKMCAUTENbHOW aTmocdepe, 4To
CnocobCTBYET MONHOMY YHUYTOMEHWUIO OPraHUYEeCKMX KOMMo-
HEHTOB W NOJlYYEHUIO OAHOPOAHOIO NPOAYKTA.

3TO oAHa M3 Ba)KHeMWMX pa3paboTok 3a nocnegHee Bpe-
MeHW — ycTaHoBKa «[nyToH», obecneymBatowan nepepaboTky
OTXOZ0B C/IOXKHOM MOPPOOrMK C NOAyYEeHUEM KOHAULMOHUPO-
BAHHOrO MPOAYKTa B O4HY CTaZM IO U BbICOKUIA KO3IPPUUMEHT co-
KpaweHna ob6bemos PAO. CTeknonofobHbI KOHEYHbIN NPOAYKT
(nnaBneHbIN WAAK) COOTBETCTBYET KPUTEPUAM MPUEeMIEMOCTU
ONA KOHAMUMOHWPOBaAHHbIX PAO 1 npuroaeH ana ANUTeNbHOro
XPaHEHMA UM 3aXOPOHEHUA. YCTaHOBKA CO34aHa M 3KCMAyaTu-
pyeTca Ha NpeAnpUATAM B MPOMBbILLJIEHHOM MacliTabe, HauMHas
¢ 2008 roga [19].

[aHHas TexHonorma BocTpeboBaHa Kak B Hallel CTpaHe, Tak
n 3a pybexkom. CerogHs cneumanucTbl NPeanpuaTUa COTPYaHU-
YaloT MO BOMPOCAM CO3aHMA YCTAHOBOK M COBEPLUEHCTBOBAHMUA
TEXHONOTUU NNa3MeHHoM nepepaboTkn PAO, a TaKkkKe BbITOBbIX
oTxopoB ¢ Pecnybnnkon Kopes, M3pamnem, HoBOBOpOHEKCKOM
A3CwuT.A.

PAO, nepepabaTtbiBaemble NAA3MEHHO-NMUPOANUTUYECKUM
metoaom B MocHMO «PagoH», 6AM3KM NO CBOMM OCHOBHbIM
XapaKTepucTukam teBepabim otxogam ASC, no3ToMy AaHHble
pa3paboTKn MoryT 6biTb BeCbMa NepPCneKTUBHbI A1 aTOMHbIX
CTAHUMUN.

UEMEHTUPOBAHUE PAO

OAHUM U3 OCHOBHbIX TEXHO/IOFMYECKMX NPOLLECCOB, peanmnsy-
embix B MocHIMO «PagoH», ABnaeTca pasagesibHoe Uam CoOBMecCT-
HOe LleMeHTUPOBaHWE Pa3/INYHbIX TBEPAbIX U Xunaxrux PAO, koTo-
poe npeanonaraeTt BKAOYEHWE OTXOAOB B MPOUHYIO LEMEHTHYHO
maTpuuy 6es nycrot [20].

B 3aBMCMMOCTM OT BMa OTXOA,0B NPUMEHAIOTCA COOTBETCTBY-
foLLME YCTAaHOBKM M METOAbI LEMEHTUPOBAHMUA (MPONUBKOW UK
nponutkoi) [21-22].

OcHoBHoI o6bem PO nepepabaTtbiBaeTca B npouecce co-
BMECTHOrO LeMeHTUPOBAHMA KUAKMX U TBepabix PAO Ha mu-
HWB1I04HOW PACTBOPOCMECUTE/IBHOM YCTAaHOBKE B KOHTEMHEpax
pas3nnyHbIX MapoK. Mpu atom ana TPO ¢ pasamepom dparmeHTOB
meHee 100-150 MM 1Mcnonb3yeTca MeToa, NPONUTKM B KOHTelHe-
pax KPAL (puc. 12), ¢ paamepom ¢dparmeHTos 5-100 mm — npo-
NMUTKa BbICOKOMPOHUKAKLWMMMN LEeMEHTHbIMW pacTBOpamu B
100-200-n1TpOoBbIX HOYKAX.

[na uemeHTUpoBaHUA nNpobnemHbIx xuakux PAO paspabo-
TaHo apyroe obopyaosaHue:

— VYCTaHOBKa AN LEeMEeHTUMpPOBaHUA
LUIAMOB, My/IbM, MIOHOOBMEHHbIX CMO, NO-
3BO/IAIOLLAA BK/OYATb B KOMMNayHa Ao 10-
12,5% mac. oTxoa0s;

— 610K ANA NOArOTOBKM K LLEMEHTUPO-
BaHMO *Xuakux PAO, cogeprkawmx macna,
opraHuyeckue *Kuaxkoctn unum MAB (obpa-
60TKa MO3BO/SET MOBbLICUTL A0/ BKIIO-
YeHUA B LLeMEHTHYIO MaTpuLy, Hanpumep,
macen go 12,5-15% mac.);

— MOAYNb KOHAULNOHUPOBAHMA KUA-
kKux PAO meTogom NPOMNUTKM MOPUCTbIX
6ETOHHbIX MaTpUL, B KOHTelHepe (nNo3Bo-
NAeT NoNYy4YUTb HanonHeHue xugkmux PAO
00 50-65% obbema KomnayHaa).
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Puc. 5. [lByxcTyneHuyaTas ycTaHOBKa 06paTHOro 0CMoca A4/18 O4UCT-
Ku uakux PAO / Fig. 5. Two-stage reverse-osmosis plant for liquid
radwaste treatment

SOLID RADWASTE MANAGEMENT:

SEGREGATION, COMPACTION, INCINERATION

An essential element of solid radwaste management system
is its repackaging and segregation into streams processed by
compaction or incineration, as well as that set directly to con-
ditioning. Large-size pieces of radwaste and items with complex
configuration are fragmented [16].

Radwaste subjected to compaction is loaded into 100-litre
drums prior to conditioning. The waste is pre-compacted with
the help of a small press with a 20 tonnes force inside a 100-litre
drum without drum deformation. The space made available after
this operation is then filled with more waste packaged into bags.
The waste is then compacted using a 1,500 tonne force hydraulic
press together with the drums, with the resulting product in the
form of relatively short cylinders with the diameter equivalent
to that of a 100-litre drum. These are then loaded into 200-litre
drums and sent to cementation, with subsequent placement into
certified KMZ casks [17].

The process is automated and observed by personnel from
a control board positioned in a separate room. All handling and
storage mechanisms are controlled by an electronic program-
ming device [18].

Solid low and intermediate levels mixed content waste, in-
cluding combustible (paper, wood, textile, polymers) and min-

Puc. 6. YcTaHOBKa A8 04MCTKM Ky6oBbIx ocTaTkoB AIC Ha Konbckoli A3C:

1 —y3en 030HMPOBaHUA, 2 — GUNBTP-KOHTENHEP C CENIEKTUBHBIM COPHEHTOM
Fig. 6. Evaporator concentrate treatment plant at Kola NPP:

1 - ozone treatment assembly, 2 — filter container with selective sorbent
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Puc. 7. YctaHoBkM « MUK-1», « MOCKUT-T» o5t KOHAULMOHMPOBaHUS oTpaboTaswmx PHU

Fig. 7. MIK-1 and Moskit-T plants for used sources conditioning

Kpome Toro, Ha npeanpuATUM YCNELWHO 3KcnayaTupyeTtcs
YCTAaHOBKa LLEMEHTUPOBAHMA 30/IbHOrO OCTATKa OT CHUraHuA
PAO meTogom nponuTkM B 6oykax obbemom 100 n mn 200 n,
rAe WUCNOob3yHTCA chneuuanbHble TOHKOMONOTblE LLEMEHTbI C
yAenbHoi nosepxHocTbio A0 10000-12600 r/cm?, uyTo mo3so-
NAET BKAYUTb B KOMMayHA no obbemy ao 40-50% 301bHOro
ocCTaTKa. Ha 3Toi ycTaHOBKe TaKKe MOryT nepepabaTbiBaTbCA
npowealmve npeasapuTeNbHY0 TepMmUYeckyto 0b6paboTky wna-
Mbl M UNOBble OTAOXKeHUA [23].

TexHONorMn LemeHTUPOBaHUA, paspaboTaHHble B MocHMO
«PagoH», Hawau ycnewHoe nNPUMEHeHUEe B POCCUMCKUX U
MeXAyHapoAHbIX NMpoeKTax. Tak, 3a mocneAHue roapl cneuma-
NUCTaMKn NpeanpuaTma paspaboTaHbl peuenTypbl Ans LemMeH-
TMPOBaHMA OTX0A0B (MAKMX PAO pasnnyHOro conecopepka-
HWA, NN0B, MOHOOBMEHHbIX cMon U T.4.) Kypckoii, Konbckow,
BonrogoHckoi A3C, OAO «CMOUPCKUI XMMUYECKMI KOMBUHATY,
MA3SK (KasaxcTtaH), A3C «KyaaHkynam» (MHama). B HacToAwee
Bpema YN MocHMNO «PagoH» yyacTByeT B MYyCKOHANALO4YHbIX
UCMbITAaHUAX Yy31a LEeMEHTUPOBAHMA YCTAHOBKM «[lyHan» Ha
A3C «Kosnoayii» (Bonrapua) u pabotax no cosgaHuto ACY TN
YCTAHOBKM LeMeHTUpoBaHua YepHobbinbckoh ASC (YkpauHa).
B 6nvkaluem byaywiem naaHWpyeTcA ydacTve B MyCKOHana-
OOYHbIX UCMbITAHMAX Y313 LEeMeHTMPOBaHNA YCTaHOBKM Ha ADC
«KyaaHKynam».

focyaapcTBeHHOe yHUTapHoe npegnpuathe ropoga MocKebl —

eral (construction debris, glass, soil, silt, scrap metal, thermal
insulation) materials are treated using the plasma-pyrolysis
method. Radon Moscow has a long experience of studying this
process and developing the associated equipment.

The organic component of the waste undergoes pyrolysis in a
furnace with 200-250 kg/hour capacity in oxygen-deficiency con-
ditions, whereas the slag melting process takes place in an oxi-
dising atmosphere, assuring complete destruction of the organic
components and generation of an uniform product.

This technology is one of the most important developments of
the recent years: the Pluton plant, capable for processing of waste
with complex morphology in one stage and generating a condi-
tioned product with a high factor of waste volume reduction. The
glass-like end product (molten slag) meets acceptance criteria for
conditioned radwaste and is suitable for long-term storage or dis-
posal. The plant was built on site and has been in industrial-scale
operation since 2008 [19].

There is demand for this technology both domestically and
abroad. At present time Radon Moscow specialists are collabo-
rating to build similar facilities and improve plasma-based pro-
cessing technologies for radwaste, as well as domestic waste, in
the Republic of Korea, Israel, at Novovoronezh NPP, etc.

The radwaste that is currently being processed using the
plasma-pyrolysis method at Radon Moscow is close with its key

OG‘bepMHeHHblﬁ 9KONI0rO-TEXHONOTNYECKUA U Hay4HO-

uccepoBaTeNbCKUIA LIEHTP No o6e3spexxuBaHuio PAO 1 oxpaHe oKpyrKatoweid cpeabl (FYM MocHMO «PaaoH») — co3pgaHo no-
craHoBneHnem Coseta MuHuctpos CCCP ot 02.02.1960 r. Ne 120-43 nog Ha3BaHUeM LieHTpanbHaA CTaHUMA paauaLOHHON
6e3onacHocTn ropoaa Mocksbl, MoCKoBCKO 06nacTtu u LieHTpanbHoro pernoHa Poccuu.

3a npoweawme roabl MocHIMO «PagoH» NpeBpaTUICA B YHUKAbHbIN HAy4YHO-MPOU3BOACTBEHHbIN KOMMAEKC. OCHOBHbIE Ha-

npaB/ieHus AeATeNbHOCTU NPEANPUATUA CaeaytoLme:

— pagmaumoHHoe obcnegoBaHMe TEPPUTOPUIA M 0BBEKTOB, BK/IHOYAA YHaCTKM PaAMOaKTUBHONO 3arpA3HEHUA U NOTEHLMAIBHO

pPaAMaLMOHHO ONacHblE TEPPUTOPUM U OBBEKTI;

— pagyvauMoHHO-aBapuiiHble paboTbl MO Ae3aKTMBALMM 3arpA3HEHHbIX 06 HEKTOB U TEPPUTOPUIA;

— cbop 1 TPaHCMOPTUPOBAHWE PaAMOAKTUBHBIX OTXOAOB Ha NepepaboTKy U BpeMeHHOe XpaHeHue;

— nepepaboTka 1 KOHAWULMOHUPOBAHNE PAaAMOAKTUBHbIX OTXOA0B;

— AmTenbHoe 6e3oMnacHoe XpaHeHne KOHAUUMOHNPOBaHHbIX PAO;

— KOHTPO/Ib M YYET PaAMOaKTUBHbIX OTXOAO0B M PaAMOAKTUBHbIX BELLECTB;

— PaAMaLMOHHO-3KOIOTUYECKUIA MOHUTOPUHT OKPYKaIOLLLEN Cpeabl, TEPPUTOPUI U 0BHEKTOB;

— Hay4YHO-MCCNef0BaTeIbCKOe COMPOBOXKAEHME NOIHOIO LMKAa paboT, obecneymBaloLLee COBPEMEHHbIN YPOBEHb CUCTEM
KOHTPO/IA M 3alLMTbl OKPYIKAIOLLEN Cpeapl, @ TaKXKe TEXHONOMMI Ae3aKTMBaLMM 06EKTOB, NepepaboTku, KOHANLMOHUPOBAHMSA

N XPaHEHUA PAANOAKTUBHbBIX OTXO40B.
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B HacTOAllee BpemMA wAeT Cco3faHue TexHoNo-
TMYECKUX npoueccoB, 060pyAOBaHMA U LEMEHTHbIX
KOMMNO3ULUMI A1A nepepaboTKM oTpPabOoTaHHbIX MOHO-
0bMeHHbIX CMOJ, opraHuyecknx PAO Ha ocHoBe Tpu-
6ytundocdata u 1.4. MNpeanonaraercsa, YTo 3TU pas-
paboTKM B Byaywem MOryT HaliTM NPUMEHEHWE KaK B
MocHIMO «PagoH», Tak n Ha ASC 1 pagnoxmMmmnyecknx
npon3BoACTBaX.

OCTEK/TOBbIBAHUE PAO U PABPABOTKA
MATPUU oNAa UMMOBU/TU3ALUN
PAOANOHYKINOOB

C cepeguHbl 1970-x rogos B MocHMO «PagoH»
pa3pabaTbiBanacb M BHeApANacb B MPAKTUKY TeXHO-
norma octeknosbiBaHnAa PAO. B HacToAlee BpemA Ha
npegnpuATUN Peasn3oBaHO OCTEKNOBbIBAaHWE BbICO-
KoconeBbIX }naknx PAO B MHAYKLMOHHOM niasutene
TMNa «XoNo4HbIN TUrenb». Muakne PAO KOHLEHTPUPY-
I0T B POTOPHOM MJIEHOYHOM McCnapuTene A0 CONeco-
AepkaHusa okono 1000 r/n, cmelnBaloT CO CTEKI00-
6pasyowmmm gobaBkamu (4aTONUTOM, KBapLEBbIM
Neckom M B6eHTOHUTOM) M B BUAE LIAAamMa C COAepIKa-
Huem Boabl 20-25% mac. LO3MPYIOT B «XONO4HbINA TU-
renb». Cteknomaccy cnmsatT B 10-AUTPOBbIE KOHTEN-
Hepbl, OTXKUTAIOT U HaNPaBAAKT Ha AOATOBPEMEHHOE
XpaHeHue. OTXoaALME rasbl NPOXOAAT CUCTEMY Fa300-
YUCTKM U cbpacbiBatoTca B aTMochepy. MNpomblwneHHan
YCTaHOBKa OCTEK/I0BbIBAHWUA (NPOU3BOAUTENbHOCTbL MO
Muaknum PAO — go 100 n/4, NO KOHEYHOMY MPOAYKTY
— o 20 Kr/4) paboTaeT Ha NpeanpuUATUX y3Ke oKoso 15
/1eT. 3a 370 Bpems Ha Helt nepepaboTaHo okoso 10000 m3
Kunakmx PAO [24].

K TexHo/sorMmM OCTEK/IOBbIBAaHMA B  «XOJIO4HOM
TMrne», paspabotaHHoli B MocHMNO «PagoH», npo-
ABNAIOT MHTepec npeanpuatva MUHUCTEPCTBA 3Hep-
retukn CLUA, Komuccapvata no aTOMHOM 3Hepruu
dpaHummn, kKomnaHmm AnoHuu, Kopeu, BennkobputaHumm.
MeKayHapogHoe COTPyAHMYECTBO B AaHHOW obnactu
CBA3aHO, B OCHOBHOM, C OnpefeseHVeM MapameTpoB
TEXHONOTUU, UCCNefOBaHMEM KOHEYHOro MPOAYKTa Ha
COOTBETCTBME KPUTEPUAM MPUEMIEMOCTH, A TaKKe pas-
pabOoTKOW COCTAaBOB CTEK/IOMATPUL, U MUHEPANONOA06-
HbIX MaTePManoB A OTXOA0B PA3/IMYHOrO XMMUYECKOTo
N pagMoHYKAUAHOro coctasa [25].

Puc. 8. Pabouasn Kamepa 4/19 nepeynakoBKMu, COPTUPOBKN U dparmeHTaumm
PAQO / Fig. 8. Processing cell for radwaste repackaging, segregation and
fragmentation

Puc. 9. B ueHTpe — BO34YLWHO-M30/1MPOBaHHOE NOMELLEHME, F4e PAaCcrONOKEH
npecc 1 BpalLatoLMincs CTON ANA CNPECcCOBaHHbIX YNaKoBOK; cnpasa — ¢par-
MEHT aBTOMATU3MPOBAHHOIO CKNaZa NePBUYHbIX YNIaKOBOK

Fig. 9. Centre: air-tight room containing a press and turntable for compacted
packages; right: fragment of automated primary packages warehouse

The Moscow State Unitary Enterprise — united ecological, scientific and research centre for radioactive waste
decontamination and environmental protection (Radon Moscow) — was incorporated as per Decree No. 120-43 dated 02
February 1960 by the Council of Ministers of the Soviet Union, then referred to as the Central Radiation Safety Station of
the City of Moscow, Moscow Region and Central European Russia.

Since, Radon Moscow has grown into a unique scientific and production complex. Its key business activities are following:
— radiation surveys of sites and lands, including radioactively contaminated areas and areas of potential radiation hazard;
— radiation emergency clean-up works, decontamination of sites and facilities;

— collection and transport of radioactive waste to processing and interim storage locations;

— processing and conditioning of radioactive waste;

— long-term safe storage of conditioned radwaste;

—accounting and control of radioactive waste and radioactive substances;

— radiation monitoring of facilities, sites and the environment;

— scientific research and support of the entire cycle of operations to provide state-of-the-art systems for environmental
protection and monitoring, as well as technologies for decontamination, processing, conditioning and storage of radioactive

waste.
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Puc. 10. YcTaHOBKA N1a3MeHHO-NMPOAUTUYECKOW nepepaboTkm PAO
«MnytoH» / Fig. 10. Pluton plant for plasma-pyrolysis processing of
radwaste

Cneumanuctbl «PagoHa» paspabotanu coctaBbl 6opocunu-
KaTHbIX, a/llOMOCU/IMKATHbIX U KenesodpocdaTHbIX CTeKoN Ans
MMMOBUAM3aUMM KUAKMX 1 TBepabix PAO. Kpome ctekon, co-
BMeCTHO ¢ y4yeHbiMmu UTEM PAH, co3gaHbl Kepamunyeckue maTtpu-
ubl (Tna CMHPOK, MOHO- 1 nonndasHble KepamMmnKKn) oaa NoKa-
nnsaumn BAO n ux pefKo3eMesibHO-aKTUHUAHOM U aKTUHUAHOM
dpaKumMi, KOTOpble MOMHO MOAy4YaTb KaK MO KepaMMuyecKown
TEXHO/IOTUK (X0I04HOE NPeccoBaHUe, CNeKaHue 1 ropayee npec-
coBaHMe), TakK U UHAYKLUMOHHOWM MNAaBKOW B «XO/IOAHOM TUINEN.
3HaYUTENbHbIN MHTEpeC NpeacTaBAAeT NaaBfeHana KepaMmKa Ha
OCHOBe MypaTauTa, 06/1agatolan BbICOKOW XMMWYECKOW U pa-
ONALMOHHOM CTOMKOCTbIO [26].

PA3BUTUE TEXHONOIUM OE3AKTUBALUU

B cBA3W C BbIBOAOM M3 3KCMyaTaLUuMM OOBEKTOB AfEepPHO-
SHepreTMYecKoro Komnsiekca npobnema fAesakTvBauuu obopy-
[0BaHUA, MOMELLEHNI U MAaTepPUanoB CTaHOBUTCA Ype3BblYaiHO
aKTyanbHON. B 3HauMTeNbHOWM CTeneHn 3To 06ycnoBAMBaAETCA U
Tem, 4To, B COOTBETCTBMM C MONIONKEeHUAMU deaepanbHOro 3a-
KoHa «O6 obpalleHnM ¢ PaMOaKTUBHBIMW OTXOA4AMMU», ONaTy
xpaHeHua PAO Ha BeCb CpPOK MOTEHLMasbHOW OMacHOCTU OCy-
LLEeCTBAAET UX MOCTaBLLMK. [l0O3TOMY po/ib TeXHONOrMI, obecne-
YMBaAOLLMX COKpaLLeHne obbema PAO, noanexalumx 4IUTeNbHO-
MY XpPaHEHUIO, TPYAHO NepPeoLeHUTb.

MocHMO «PagoH» obnagaeT onbITom pa3paboTku
TEXHOMIOTWI Ae3aKTUBALMKN, OCHOBAHHbIX Ha peareHT-
HOM BbILLENAYMBAHUMN PAAUOHYKAUAO0B U3 FPYHTOB [27-
28] M MUHEpPAbHbIX CTPOUTENBbHbIX MaTepuanos [29].

B HacToAwee Bpema npeanpuATMe TakxKe pac-
nonaraet TeXHONOTMEeN U ONbITHO-MPOMbILWIEHHOW
YCTaHOBKOW rMApocenapaLyoHHON OYUCTKU TPYHTOB
nyTeM OTAENEHUA MesiKoM, Hanbosee 3arpsAsHEHHOMN
dpaKkumm. SKcnayatauma yCTaHOBKM NO3BONAET B BO-
cemMb pa3 cokpaTUTb ob6bem PAO, HanpasasaembIX Ha
ONUTeNIbHOE XpaHeHue.

B nepcnektuse pasBUTUE TEXHONOTUU AE3aKTUBa-
LMW TPYHTOBBIX W CbIMy4YMX MATepUanoB Ha npeanpu-
ATUK CBA3BIBAIOT C coveTaHMeM GPaKLMOHUPOBAHUA U
peareHTHOM 06paboTKM, KOTOPOE NO3BOJIUT B HECKO/Ib-
KO pa3 MoBbICUTb KO3IOOULMEHT OUYUCTKU U, COOTBET-
CTBEHHO, KO3DULMEHT CHUXKeHMA obbema PAO [30].

CoBmecTHble pa3paboTkn MocHIMO «PagoH», 000
«AnekcaHgpa-Nnatoc» n HUKUIT HanpasneHbl Ha no-
BblleHne 3GGEeKTUBHOCTM fAe3aKTMBaLMM MNOBepX-

Ne 2'2012

properties to the solid waste generated by NPPs, so these devel-
opments may hold a lot of potential for nuclear stations.

RADWASTE CEMENTATION

One of the key technological processes implemented at
Radon Moscow is separate or combined cementation of vari-
ous solid and liquid wastes, providing waste incorporation into a
strong void-free cement matrix [20].

Depending on waste type, various cementation apparatuses
and methods (pouring or impregnation) may be used [21-22].

The main part of liquid radwaste volume is processed by com-
bined cementation of liquid and solid waste with the help of a
mini-sized mortar mixer in containers of various types. Solid rad-
waste with fragment size of less than 100-150 mm is treated by
impregnation in KRAD containers (fig. 12), and waste with frag-
ment size of 5-100 mm by impregnation with highly-penetrating
cement mortar in 100-200-litre drums.

For cementation of "problematic" liquid radwaste, another
set of equipment has been developed:

— cementation plant for sludge, pulp, and ion-exchange res-
ins, providing an inclusion of 10-12.5 wt. % of waste into the
compound;

— plant for pre-cementation processing of liquid radwaste
that contains oils, organic liquids or surface active agents (pre-
processing helps increase the share of oils incorporation into the
cement matrix to 12.5-15 wt. %);

—module for liquid radwaste conditioning by impregnating of
porous concrete matrices inside a container (can provide up to
50-65% liquid radwaste filling of the compound volume).

In addition, the company successfully operates a cementa-
tion plant for ash residue generated during radwaste incinera-
tion using the impregnation method in 100 and 200 litre drums,
which applies special fine ground cements with specific area of
up to 10,000-12,600 g/cm?, allowing to incorporate into the com-
pound volume from 40 to 50% of the ash residue. The plant can
also be used for processing of pre-tempered sludge and silt de-
posits [23].

The cementation technologies developed by Radon Moscow
have found successful applications both in Russian and interna-
tional projects. For example, over the recent years the company
has developed recipes for cementation of waste (liquid radwaste
with various salt content, silts, ion-exchange resins, etc.) pro-
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Puc. 11. MMHUBNOYHasA pacTBOPOCMECUTENbHAA YCTAHOBKA
Fig. 11. Mini-sized mortar mixing unit
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HOCTeMl, a TaKXe CbiMy4ynx maTepunasioB 3a CYET YbTPa3BYKOBOM
06paboTKK. PaHee 3pPEKTUBHOCTb MCNOb30BAHMA YAbTPA3BYKa
6blNa AOKa3aHa NPU OYUCTKE METALIMYECKMX OTXOLO0B, B YaCTHO-
CTW, 3arpsA3HeHHbIX Yexnos OTBC B rybe AHgpeesa [31].

3anateHToBaHHaA HegasHo MocHIMO «PagoH» opurMHanb-
HaA TEXHONOMMA OEe3aKTUBALMU METANIZINYECKUX MOBEPXHOCTEM
C UCMONb30BaHNEM MOBU/IbHOM YCTAaHOBKM 3/1EKTPOXMMUYECKOM
[0e3aKTUBALMM C BbIHOCHBIM 3/1€KTPOAHbIM YCTPOMCTBOM MO3BO-
NAET NPOM3BOAUTb Ae3aKTUBALIMIO BEPTUKA/IbHbIX, HAKIOHHbIX U1
rOPM30HTa/IbHbIX METaNIMYECKUX MOBEPXHOCTEN 06EKTOB — KakK
BbIBE3EHHbIX C NPeANnpPUATUIA, TaK U HENOCPEACTBEHHO Ha MecTe
HaxoXAeHWA 3arpasHeHHoro obopyaosaHua [32].

YcTaHOBKa NpoLUaa TeCTMPOBaHME Ha 3arpA3HeHHbIX BoKcax
npwv BbIBOAE M3 3KCMNyaTaLUUM pPagnmoxMmmuyeckoin nabopatopum
N®X3 PAH, a TakKe Npu Ae3aKTUBALUKM BbITAXKHbIX LWKadoB, 3a-
TPA3HEHHbIX MAyToHMeMm, B HOKHO-APPUMKAHCKOM KoMMaHuu
NECSA.

MpocToTa M He3HauyuTeNbHble 06BbeMbl 06pPa3yOWMXCA BTO-
PUYHBIX OTX0AOB — (aKTopbl, obecrneymBatoLme NepcrekTuB-
HOCTb AanbHelLWero UCcnoib3oBaHMA YCTaHOBKM NP BbiBOAE U3
3KCM/yaTauMm pagmaLMoHHO onacHbiX 06beKToB, oTbope Npob
O1A OLEHKM YPOBHEW 3arpA3HeHMAa MeTalJIMYecKMX NoBepxXHO-
CTei, a TaKXe NpM UCNO/b30BaHWUM B LUTAaTHOM PeXume ANA K-
BMAALMM 3arpAsHeHn genctaytowero obopynosaHma [33].
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Puc. 12. YcTaHOBKa LemeHTMpoBaHUA TPO meTogom NPONUTKK B
KoHTelHepax KPAL, / Fig. 12. Plant for solid radwaste cementation
by impregnation in KRAD containers

duced by Kursk, Kola, and Volgodonsk NPPs, Siberian Chemical
Combine, MAEK of Kazakhstan, and Kudankulam NPP of India.
Currently, Radon Moscow is taking part in the testing and com-
missioning activities on the Dunai cementation plant on Kozloduy,
Bulgaria, and to create a process control system on the cementa-
tion plant at Chernobyl NPP in Ukraine. In the near future, the
company plans to participate in the testing and commissioning of
a cementation plant on Kudankulam.

Currently work is under way to create the technological pro-
cesses, equipment and cement compositions for processing of
used ion-exchange resins, organic radwaste containing tributyl
phosphate, etc. The expectation is that these would be appli-
cable in the future both at Radon Moscow, as well as NPPs and
radiochemical facilities.

RADWASTE VITRIFICATION AND

DEVELOPMENT OF MATRICES

RADIONUCLIDES IMMOBILISATION

Since the mid-1970s, Radon Moscow has been designing
and implementing radwaste vitrification technologies. Currently
the site features a facility for vitrification of high-salinity liquid
radwaste using a "cold crucible" induction smelter. Liquid rad-
waste is pre-concentrated in a rotary film evaporator until its

Puc. 13. YcTaHOBKa LLeMeHTMPOBaHMUA 30/1bHOrO OCTaTKa
Fig. 13. Ash residue cementation plant
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Puc. 14. Chus pacnnasa cTekna, cogepawero PAO
Fig. 14. Pouring of radwaste-containing molten glass
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salt content reaches about 1,000 g/litre, then mixed with glass-
forming additives (datolite, quartz sand and bentonite), and
the resulting sludge with 20-25 wt. % water content is batched
into the "cold crucible". The glass melt is poured into 10-litre
containers, baked and sent for long-term storage. Off-gases are
treated and then released into the atmosphere. The industrial-
scale vitrification plant (processing capacity up to 100 I/hour
of liquid radwaste, and up to 20 kg/hour of end product) has
been already in operation at Radon Moscow for 15 years. Over
this time, it has processed approximately 10,000 m? of liquid
radwaste [24].

The "cold crucible" vitrification technology developed
by Radon Moscow has attracted the interest of US DOE and
Commissariat a I'énergie atomique, as well as companies from
Japan, Korea and the United Kingdom. International coopera-
tion in this field is chiefly associated with the determination of
process parameters, end product studies to establish compliance
with acceptance criteria, as well as development of glass matrix
compositions and mineral-like materials for waste of various
chemical and radionuclide contents [25].

Radon Moscow specialists have developed the compositions
of borosilicate, aluminosilicate and iron phosphate glasses to be
used for liquid and solid radwaste immobilisation. In addition to
glasses, the company has jointly with IGEM RAN created ceramic
matrices (synroc, mono- and polyphase ceramics) for contain-
ment of high-level waste and its rare-earth-actinide and actinide
fractions, which can be obtained both by the ceramic technology
(cold compaction, baking and hot compaction), and induction
melting in the "cold crucible". Of considerable interest is murata-
ite-based molten ceramic that has a high chemical and radiation
resistance [26].

DECONTAMINATION TECHNOLOGIES

As nuclear sites decommissioning work gathers pace, decon-
tamination of equipment, premises and materials is becoming
ever more important. This is largely contributable to the fact that
in accordance with the provisions of Federal Law on Radioactive
Waste Management, payment for radwaste storage during the
entire period of their hazard is to be covered by the waste pro-
ducer. Thus it is difficult to overestimate the role of technologies
that provide volume reduction of radwaste to be placed for long-
term storage.

Radon Moscow possess the experience in development of
decontamination technologies based on reagent-aided leaching
of radionuclides from soils [27-28] as well as mineral construc-
tion materials [29].
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Puc. 17. BHeWHN BUA, 31eKTPOAHOTo
ycTpoiicTea (1), onepaTop € a1eKTpo-
AHbIM ycTpoicTBOM (2)

Fig. 17. Electronic device overview (1),
operator with electrode assembly (2)
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