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B Pa3BuUTHE NPOMBILLNIEHHOCTH, NOABJIEHNE BCE HOBbIX BU-
[I0B Pafil0akTUBHbIX OTXO/I0B, yBeNuueHne ux obbema u
OIHOBPEMEHHO YycuneHne KoHTposiA 6e3onacHocTy Tpeby-
10T MOCTOAHHOTO COBEPLUEHCTBOBAHUA TEXHOOMUIA 06pa-
weHuA ¢ PAO, B Tom uncne u Hanbonee pacnpocTpaHeHHO-
ro meTof,a UX KOHAULMOHUPOBAHMA — LIeMEHTMPOBaHUA.

NPOJINBKA U MPOMUTKA

[lemenTHUpOBaHUE — OMUH U3 OCHOBHBIX TEXHOJIOTHIYE-
ckux tporieccoB I'YII MocHITO «Pamons. [lns pasimy-
HbIX BU10B TPO mpuMeHsIIoTCs: pasHble METOBI TIEMEHTH-
POBaHUS: TPOJIMBKA (IJTs1 KPYITHBIX (DPArMEHTOB OTXO/IOB)
WJTU TIPOTTUTKA TIEMEHTHBIM PACTBOPOM.

Merton 11eMEHTUPOBAHUS TPOJUBKOH 3aKJII0YACTCS B
TOM, YTO IIEMEHTHBII PACTBOP HATMBAETCS CBEPXy Ha pas-
MellleHHbIe B KOHTEHHePe OTXO/IBI, IO/ COOCTBEHHBIM BECOM
TIPOHUKAET 10 KaHaTaM Mexay dacturiamu TPO, 3amonnsg-
€T TyCTOTHI MEK/IY OTXOIaMMU, 3aTBep/eBasi, 06pasyer Iie-
MEHTHBI KOMIayH/l, 00beM KOTOPOTO paBeH HMCXOIHOMY
HacbiiHomy oobemy TPO.

[Tpu mponuTke 1IEMEHTHBIN PACTBOP MO aBICHUEM
yepes3 30H/I [OIAI0T B IOHHYIO YaCTh KOHTEWHePa C mpej-
BapuTenbHO pasMenieHHbiMu B HeM TPO (Criocob 1e-
MEHTHPOBAHUS TBEPbIX PANUOAKTUBHBIX OTXOJO0B, CO-
JIep:KaIux Mejako3depHuctbie matepuainbl, Ilatent RU
Ne 2142657 C1, 1999). PacTBOp, paBHOMEPHO BUIasiCh
CHU3Y BBEPX, 3aMIOJTHSET IMTyCTOTHI MEXKY YACTUI[AMHU OT-
XOJ/IOB |, 3aTBep/eBast, 06pasyeT IeMEeHTHBII KOMIIAyH/I,
00bEM KOTOPOTO TaKKe PaBeH MCXOXHOMY HACBITHOMY
o6bemy TPO.

MeTo/ MpOJWBKY U TTPOTTUTKY MIPEJIITOJIaraeT ABUKe-
HHe 1IeMeHTHOTO pacTBOpa Yepe3 HACBIITHOH CJI0il 0TXO0-
JIOB. DKCTIEPUMEHTAIBHO TTOATBEPIK/EHO, YTO TPH ITOM
nepBOHAYAIBHOE COOTHOIIEHNE KUIKON U TBepAoH (a3
pactBopa MeHseTcdA. IIpnunubl manHOoro ABJIEHHUSA CO-
ctodaT B ciaeaymomneM. IIockoabKy IeMEHTHBIN pPacTBOP
NpeCTaBasIeT COO0M CyCNEeH31IO, TO AUCTEPTUPOBAHHbBIE
B BOJIE YACTHIBI TBEPAON (asbl B Ipoliecce MPOMUTKU
CIIOCOOHBI 0CeaTh Ha IIEMEHTUPYEMOM MaTepuaje. ITo
MOJKET MPUBECTH K OOEIHEHWIO COJEepKaHUS IeMEHTa
B pacTBOpE, B pe3yJibTaTe HA MOCJEAYIONUE CJIOU MPO-
MUTBIBAEMOTO MaTepuana 6yaeT Bo3neiicTBOBAaTh COCTAB
C MEHBIIUM KOJUYECTBOM I[EMEHTa, ¢ 6Gojiee BBICOKUM
3HaYEHUEM COOTHOIeHus «Boja/1mements (B/Il) (nHa-
npumep, B/I1 ucxoxnoro pactBopa — 0,6, a Ha BbIXO/E
- 0,8-1,0), 9TO B KOHEYHOM HTOTEe BeJEeT K CHIKEHUIO
TIPOYHOCTH U CTOHKOCTH IIeMeHTHOTO KoMmayHaa. Kpome
TOTO, Ha BXOJIE OCEIATONIIe YACTUIIHI TIEMEHTA 3a0UBAIOT
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® Industrial development along with the appearance of
new type of radwaste, increased amounts of radwaste
and stricter safety controls over it require that the rad-
waste management technologies improve continually.
This is also true for the most common method of radwaste
conditioning - cementation.

POURING AND IMPREGNATION

Cementation is one of the main processes employed by
Radon Moscow. For various types of solid radwaste, differ-
ent methods of cementation are used: pouring (for large waste
fragments) or impregnation in a cement grout.

The essence of the pouring cementation process is that
grout is poured over waste that is placed in casks, the grout
than gravitates between the waste fragments filling all voids,
and hardens, thus forming a cement compound whose volume
is the same as the original volume of the as-loaded solid waste.

Impregnation implies that grout is pressure-fed to the
bottom section of the cask with pre-loaded solid radwaste
(Cementation Method for Solid Radwaste Containing Fine
Materials, Patent of the Russian Federation RU No. 2142657
C1, 1999). The grout, as it moves evenly from the bottom up,
fills the voids between the waste particles and hardens, again,
thus forming a cement compound whose volume is identical to
that of the original volume of the as-loaded solid waste.

Both pouring and impregnation methods envisage move-
ment of grout through a layer of bulk-loaded radwaste. There
is experimental proof that as the grout moves, its original
liquid-to-solid phase ratio changes. The reasons for this phe-
nomenon can be explained as follows. As the cement grout is,
in essence, a suspension, the solid particles that are dispersed
in water tend to settle on the material that is being cemented.
This may lead to depletion of the cement content in the grout,
thus causing a situation when each subsequent level of the ma-
terial that is treated is exposed to a grout with smaller cement
content, and higher water/cement ratio (W ,/C) (for example,
the W/C ratio of the grout at inlet equals 0.6, whereas at outlet
it may be 0.8-1.0), which ultimately reduces strength and re-
sistance properties of the compound. In addition, the solids, as
they settle near the inlet, clog the passages between fragments
of the material that is treated thus hampering the continuation
of the cementation process and further depleting of cement the
grout that reaches the subsequent levels.

On the other hand, during the cementation process the lig-
uid/solid balance in the grout may turn the other direction, as
some types of solid radwaste, such as ash left over from incin-
eration of flammable radwaste, are highly porous and adsorb
a lot of water from the grout. Adsorption of water causes a re-
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MyCTOTHI MPOTTUTBIBAEMOTO MaTepHuaa U MPEMsITCTBYIOT
JajgbHeHIeMy TpoBeIcHUIO TTpollecca IeMeHTUPOBAHMS,
ere 60s1ee O6ETHSST TIEMEHTOM TPOHUKAIOMINI B TTOCTe-
IYIOIIHE CJIOU PACTBOP.

C apyToii CTOPOHBI, B MPOTIecce TIEMEHTUPOBAHUS BO3-
MOKHO U3MeHeHWe KOJUYecTBa He TOJBKO TBEPOi, HO
" KUAKON (ha3bl pacTBOpa, Tak Kak dyacto TPO, manpu-
Mep, 30JbHBII OCTATOK OT CXKUTAHWS TOPIOYUX TBEPBIX
PaINOAKTUBHBIX OTXO0B, UMEIOT TIOPUCTYIO CTPYKTYPY U
CIIOCOOHBI a/ICOPOUPOBATH BOJIY U3 I[EMEHTHOTO PACTBOPA.
Azncopbuust BOIBI TPUBOANT K cHIzKeHnto B/11 iemeHTHOTO
pacTBOpa, M 3aryCTEBINNUIT COCTaB He CIOCOGEH Janee mpo-
HUKaTh CKBO3b cyioil TPO.

Takum 06pa3oM, HaJEsKHOCTH TIPOIECCA IEMEHTHPO-
BaHUS TPOMNUTKON WMJIM MPOJUBKONW (MHBIMHU CJIOBaMH,
rapaHTHs TOJYYEHUs IIEMEHTHOTO KOMIayHIa Tpebye-
MOTO KauecTBa Mo BCceMy 00beMy KOHTeiHepa) CKIIajbl-
BaeTcs M3 ABYX OCHOBHBIX (PaKkTOpPOB. Bo-TepBBIX, 3TO
PaBHOMEPHOCTHh TMPOTEKaHUs TIpollecca IeMEeHTHPOBa-
HWs, TO €CTh 3all0JIHEHNe TTyCTOT U MOP OTXO0/I0B TIO BCe-
My HachlIHOMY 00beMy M IIpeloTBpalleHyie 3a0uBaHus
MePBBIX CJI0€B, BO-BTOPBIX — COXpaHEHWe CBOWCTB TPO-
HUKAIOIIEro pacTBopa.

BUAbI TPO U LLEMEHTHDIE PACTBOPDI

MeTozoM TIPOMUBKU IIEMEHTUPYIOT OTHOCHUTEIHHO
kpymabie TPO ¢ pasmepom ¢parmento 50-150 mm. 1o
CI0CcO6 J0CTATOYHO TIPOCT ¥ MOKET OCYIIECTBISITHCS C HC-
MOJIb30BaHUEM OOBIYHOTO MOPTIAH/IIEMEHTA.

[Ipu meMeHTUPOBAHUU TAKUX OTXOZOB COBMECTHO C
JKPO B cocraBe pactBopa 00s3aTeTbHO UCIIOAb30BAThH
GEHTOHUTOBYIO TJIMHY — JJI1 CHUKEHUSI CKOPOCTH BbI-
meJiauuBanus pagnoHyKkAnga0B. OMHAKO TPAKTUKA T10-
Ka3bIBAET, YTO CPEAHUN 00BEM IMyCTOT B IEMEHTHOM
KOMIIayH/le, KOTOPbIE OCTAIOTCS IIPU CTATUYHOU IIPO-
auske TPO (6e3 nmocaeaymoiiero BUGPUPOBaHUs KOH-
TeliHepa), MOXKET COCTABJIATH 10 7-8 % 00611ero o6beMa,
a BuOGpUpOBaHUE TPUBOAUT K MOBBINIEHHOMY OTeJe-
HUIO BOJBI HA MOBEPXHOCTU KoMmmayHzaa. [loaTomy npu
HCIIOJB30BAHUN OOBIYHOTO TIOPTIAH/AIEMEHTA [IJIST KaskK-
noro onpenenerHoro Buga TPO perentypa 1ieMeHTHO-
ro KOMITayH/ia 0JKHA OBITH TOUHO Mogo6paHa U CTpo-
ro cobiiofeHa B XoJe TEXHOJOIMYECKOro IIpolecca.
KadecTBO TMPOJMMBKY MOYKET OBITH YJIYUIIEHO 3a CYET
MCIONB30BAHUS CIENMATbHBIX IIEMEHTOB U H00aBOK,
MO3BOJISIONIMX MOJYYUTh IIEMEHTHBIIH pacTBop, Oosee
CTOMKNH K paccjamBaHUIO, — TOHKOJAUCIEPCHBIX Ile-
MEHTOB, OEHTOHUTOBOH TJUHBI, XUMUUECKUX T00aBOK-
crabunusatopos. Tak, ecaum B cocTaBe IIEMEHTHOTO
MaTepuasa cojep;kutcs okoao 30 macc.% TOHKOMIU-
CIIEPCHOTO IEMEHTa, TO 3aMETHO IOBbIIIaeTcs (riaaB-
HBbIM 06pas3oM 3a cuet yBeanuerus B/1]) nponukaromast
CIOCOGHOCTD IIEMEHTHOTO KOMIIAYH/Ia TIPU COXPAHEHWH
BBICOKOH CTOWKOCTH K pacCcIanBaHUIO.

Hementuposanne TPO ¢ pasmepom ¢parmMeHToB
5-150 MM MOKHO TIPOBOJUTH TOJLKO METOJIOM IMPOIUT-
KI. DTOT METOJ TIPETIOTIAraeT 0COOBIH TEXHOTOTHUECK T
PEXUM TIPOBEJIEHUS TIPOIlecca, a TakyKe TpUMeHeHne cIie-
[UAJIBHOTO IEMEHTHOTO MaTepuasa, IPu UCIOJIb30BaAHUH
KOTOPOTO IIEMEHTHBIN PAaCTBOP OTIIUYAETCS BBICOKOM TTPO-
HUKAIOIIEH CITOCOOHOCTHIO U CTaOUIBHOCTHIO.
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1-repmeTunyHbIN 60KC / airtight box; 2-KOHTeHep C 30/IbHbIM OCTAaTKOM
/ cask with ash residue; 3-30Hp / probe; 4-cmecutenb / mixer; 5-Hacoc /
pump; 6-Tpy6onpoBof / pipeline; 7-maHomeTp / manometer

Puc. 1. Cxema OMbITHO-NPOMBbILLNIEHHOW YCTAHOBKYW LIEMEHTPOBaHUA NPO-
MUTKOW 30/TIbHOIO OCTaTKa OT CXKUraHUsA PaAnoaKTNBHbIX OTXO40B
Fig. 1. Diagram of pilot cementation plant for impregnation treatment of ash
residue from radwaste incineration
duction of the W /C ratio in the grout, making the thickened
grout unable to further penetrate into layers of radwaste.
Thus, reliability of the cementation process (in other words,
guarantees that the full volume of the resulting compound will
be of the required quality) is a function of two key factors. The
first is uniformity of cementation — meaning that all voids
and pores in the entire volume of the bulk-loaded waste will
be uniformly filled and that the initial layers will not become
clogged; and the second is maintaining the properties of the
grout throughout the cementation process.

TYPES OF SOLID RADWASTE AND CEMENTATION GROUTS

Pouring is used on solid radwaste represented by relatively
large fragments - 50-150 mm. This method is fairly simple and
may be applied with regular Portland cement.

When such waste is cemented with inclusion of liquid rad-
waste in the grout, bentonitic clay must be used to reduce radio-
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Puc. 2. YcTaHOBKa LiemeHTUpoBaHuaA nponutkon TPO B 6oukax 100 11 200 n

Fig. 2. Impregnation treatment plant for waste pre-loaded into 100 and
200 | drums
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Puc. 3. YcTaHoBKa LiemeHTpoBaHuA nponutkon TPO B KOHTeHepax
mapku KPAL
Fig. 3. Impregnation treatment plant for waste pre-loaded into KRAD casks

B I'VII MocHIIO «Pagon» paspaGoTan 1 IPUMEHSIETCS
CTEIMAJBbHBIN TOHKOMCIIEPCHBIN TTOPTJIAHAIIEMEHT C KOM-
03ULMOHHOM 100aBKoi ( CrieuaIbHbIN [IEMEHT ¢ KOMIIO3H1-
1onHoi nobaskoii CITIIK, TY 5734-001-56873527-2006),
MTO3BOJIAIONIUI TOJTy4aTh BBICOKOTIPOHUKATOIINE I[EMEHT-
HbIe PacTBOPBL. [lapaMeTphl TEXHOJOTHYECKOTO TpoIecca
7 COCTaB PAcTBOPA OMPEAE/ISIOTCS pa3MepaMu PparMeHTOB
nemenTrpyemMurx TPO.

PactBop moxer 0bTh mpurotosieH Ha JKPO ¢ wnc-
MOJIb30BaHNEM OOBIMHOTO MOPTIAHIIIEMEHTA TIPU YCJIO-
BUM CTpPOroro cobaogenust cootHomenust «KPO/
nement» (P/11) B npenemnax 0,55-0,60 u suneiinoi cxko-
pPOCTU TPOMUTKHU B Ipejiesiax 5-8 ¢M/MUH., MTOCKOJIbKY
MPOIECC XapaKTePU3yeTCss 3HAYUTEIbHBIM Ma[eHUeM
IJIOTHOCTHU IIEMEHTHOTO PACTBOPA 0O BHICOTE MPOIUTHI-
BaeMoro Marepuasa. VMcnosabzoBanune JKPO ¢ conepixa-
HueM coJieii cpie 30-50 /71 s IPUTOTOBJIEHUS [IPO-
MUTHIBAIOIIETO IIEMEHTHOTO PACTBOPA HEXKeJATEeJNbHO,
TaK KaK 3TO YXY/IIaeT KAYeCTBO KOMITAYH/A.

CIIIK ucriomb3yeTcst i yIyqiieHns TapaMeTpoB TeX-
HOJIOTHYEeCKOTro 1poliecca (pacimmpenud ananasona P /1L 1o
0,6-1,1), yBeqnyeHus: TPOU3BOAUTENLHOCTH (TIOBBITIIEHWS
JINHENHON ckopocTH TporuTku 10 20-50 cM/MUH.), a Tak-
JKe TTOBBIIIEHNs] KaueCTBa KOHEYHOTO IIEMEHTHOTO KOMIIa-
yuza. [Ipu ucnompzosannu CIIIIK make ¢ orHOCHTETHHO
HEBBICOKO y/IeJTbHO TTOBEPXHOCTHIO SYH=6000—8000 cm?/T
MJIOTHOCTH I[EMEHTHOTO PAacTBOPA IO BBICOTE KOHTEiTHepa
MPAKTUYECKN HE M3MEHSIETCS.

Ha mpeanpusaTun co3mano U aKCIJIyaTUPYETCS cIie-
nuaapHoe obopymosanume (puc.1,2,3) a1 TPONUTKU
TPO kax B 60ukax (100 s 1 200 1), Tak 1 KOHTeliHepax
(H3K, KPA/l u 1.71.).

[Ipu 1ieMeHTHPOBAHUU TIPOITUTKON 30JIbHOTO OCTATKA C
pazmepom gactutl 0,05-5 MM (YCTPORCTBO JJIST IIEMEHTUPO-
BaHUsI TPOIUTKON MEJKOIUCIIEPCHBIX PAJUOAKTHBHBIX M
ToKcnIHBbIX 0TX0/0B. [Tatent RU Ne 2199164 C2, 2003) uc-
nozxpsyercst CIHIK ¢ yaenproii mosepxroctsio S| =10000—
13000 cm?/r. Lementnbiii pactsop upu B/11=0,8-1,0 ¢
n06aBKON XuMmIdYeckoro crabusmsatopa 1-2 mace. % mo-
naercsa nox gasiaenuem 0,02-0,10 MlIla, nmurelinas cko-
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nuclides leaching rate. As practice shows, however, the average
volume of voids in the cemented compound which remain un-
filled as a result of static pouring (i.e. no subsequent application
of vibration action) may be as high as 7-8 % of the total voids
volume, whereas vibration leads to increased separation of water
on the surface of the compound. Thus, when regular Portland
cement is used, the recipe for the cement compound for each
type of radwaste has to be selected very carefully and maintained
thoroughly throughout the process. The quality achieved by the
grout-pouring process may be improved through the application
of special cements and additives that make the grout more resist-
ant to layering — such as fine cements, bentonitic clay, chemical
stabilisers. For instance, if the cement material contains about 30
weight % of fine cement, it improves noticeably (mainly due to
the higher W /C ratio) the penetrability of the grout while keep-
ing it resistant to layering.

Solid radwaste with fragment sizes between 5 and 150 mm
can only be cemented by impregnation. This method is highly
specific in terms of the process and requires utilisation of a spe-
cial cement material that makes the grout more penetrating
and stable.

Radon Moscow has developed and is using a special fine
Portland cement with a composite additive (Special Cement
With SPCK Composite Additive, Specification TU 5734-001-
56873527-2006) to make highly penetrating grouts. Process
parameters and grout composition are determined depending
on the size of radwaste fragments in the specific waste batch.

The grout may be made using liquid radioactive waste uti-
lising normal Portland cement provided that the liquid waste/
cement (L/C) ratio is strictly observed to be within 0.55-0.60
and that the linear penetration rate of the grout is kept within
5-8 cm/min, as this process is characterised by a significant re-
duction of grout density along the height of the cemented ma-
terial. It is undesirable to use liquid radwaste with salt contents
above 30-50 g/1 for grout-making as it deteriorates the quality
of the resulting compound.

The SPCK composite is used to improve the process pa-
rameters (extend the L/C ratio range to 0.6-1.1), increase pro-
ductivity (enhance the linear rate of impregnation to 20-50
cm/min), and obtain better-quality final compound. When the
SPCK is used, the density of grout remains practically uniform
along the full height of the cask even when the additive has a
relatively small specific surface S ,=6000-8000 cm?/g.

Radon Moscow has also built and uses special equipment
(see fig. 1, 2, 3) for impregnation of solid radwaste loaded into
drums (100 L and 200 1), and casks (NZK, KRAD, etc.).

When impregnating ash residue with particle size of 0.05-5
mm (Unit for Impregnation Cementation of Finely Dispersed
Radioactive and Toxic Waste. Patent of the Russian Federation
RU No. 2199164 C2, 2003), the SPCK with specific surface of
Sspec,=10000—-13000 c¢m?/g is used. The grout that has the
W /Cratio of 0.8-1.0 and includes a chemical stabiliser account-
ing for 1-2 weight % is fed under pressure (0.02-0.10 MPa) re-
sulting in the linear impregnation rate of 4-8 cm/min (see O.
A. Gorbunova, Cementation of Solid Radioactive Waste by
Highly Penetrating Grouts. Thesis Paper, SUE SIA Radon
Moscow, 2004). Precise parameters are determined from the
extent of the grout density reduction (Ap=p, ;.. . ersofwasie ~ Prop
e )» Which has to be equal or above a value which guarantees
that the resulting compound will have a strength of 5 MPa. It
has been established through experiments that the minimum
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pocth mponuTky cocrasisteT 4-8 em/mMuH (TopbyHosa O.A.
[lemenTHpPOBaHUE TBEPABIX PATUOAKTUBHBIX OTXO/IOB METO-
JIOM TTPOMUTKY BBICOKOTIPOHIKAIOINME pacTBopamu. /lucce.
Ha comckanue yd. cT. K.T.H., M., TYII MocHITO «Panon»,
2004). Tounble 3HAYEHWS MAPaAMETPOB OIPENEIISIOTC TI0
BEJMYNHE CHIDKEHUS] IUIOTHOCTH IEMEHTHOTO PacTBOpa
(Ap=pa ki coax TPO pm«xcpxy KoHTcﬁHCpa)’ KOTOpaﬂ AOJIKHA 6bITb
He MEeHbIIIe 3HaUeHUs], TapaHTUPYIONIEro 06pasoBaHe KOM-
naynza ¢ mpoynoctbio 5 MIla. DxcrepumenTtanpHo ycTa-
HOBJIEHO, YTO MUHUMAJBHO JOMYCTUMAs AP IIEMEHTHOTO
pactBopa B XOjie TIPOIUTKHU 30JIbHOTO OCTaTKa COCTABJISIET
0KOJI0 6 % OT MCXOJHOTO 3HaYeHust aoTHOCTH. [t cHu-
JKEHUST BBINIETAUYNBAHUS PATMOHYKIUIOB M3 KOMIIAYH/IA,
MTOJTyYEHHOTO MPOITUTKOM, B COCTaBe BHICOKOIIPOHIKAIOTIE-
TO TIEMEHTHOTO PAcTBOPA BO3MOKHO HCIOJIb30BATh GEHTO-
nutoByio rauny (1-2 mace.%) u, Kax cjaejcTBue, IJIACTU-
dukaTop 11 BoccTaHoBIeHUs TeKydecTr (Harnpumep, C-3
B KosmuectBe 0,1-0,5 macc.%).

LEMEHTUPOBAHMUE «NMPOBJIEMHDBIX» }KPO

Crennanuctsl «PagoHa» pazpaboTanin HOBYIO TEXHO-
JIOTUIO LIEMEHTUPOBaHK «1pobaemubix» KPO mponut-
kol mopucroro 6erora (Crnocob KOHIUITMOHUPOBAHMUSI
JKUJIKUX PAJMOAKTHBHBIX OTXO/0B. 3asiBka Ha IlaTeHT
RU Ne 2007142455 ot 19.11.2007 1). K Takum orxogam
MOKHO OTHECTH OPTaHWYeCKHe KUAKOCTH (MacJja, pac-
TBOPUTEJH, SKCTPATEHTHI, CIUHTUJIISIINOHHBIEC CMECH 1
T.JI.), CTAOOKHUCIIbIE BOIHBIE COJIEBBIE PACTBOPDI, KHIIKO-
CTU C BBICOKHM COJIEP/KaHMEM IMOBEPXHOCTHO-AKTUBHBIX
BEII[ECTB, C IIOBBIMIEHHBIM COJEPKAHUEM OL-U3JTydafONUX
paanonykaunos. Ilpu ux mepepaboTKe MPEAbSBIAIOTCS
NOBBIIIEHHBbIE TPpeGOBaHUSA K pagnalMOHHON Oesomac-
HOCTH TEXHOJIOTMYECKOro mporecca. PaspaboTtannas
TEXHOJIOTHUSI TI03BOJISIET IEMEHTHPOBATh HEOOJIbINNE KO-
aunyectsa «pobiemubix> JKPO HermocpeacTBeHHO B Me-
cTax obpasoBaHus (Ha sAEePHBIX 00beKTaX) 6e3 NCIOoJb-
30BaHMsI CTAIIMOHAPHON YCTAHOBKU 1IEMEHTUPOBAHUSI.

[IpeaBapurenbno B crangaprHoii 6ouke (100 1 wim
200 1) no crenuaabHOi TEXHOJOTUN 13 0COOOT0 LIEMEHT-
HOTO MaTepuaja M3TOTaBIMBAaeTCsl GETOHHAS TOPHUCTast
Mmatpuiia. [TopucTsiii 6eTOH OCTABIAOT TBEPAETH 28 Cy-
TOK, /10 3aBEPIICHUS OCHOBHBIX IIPOIECCOB TUPATAI[UN
remenTa. [loyyeHHbIH 6ETOH XapaKTepU3yeTcst Caeayo-
MUMY TTOKa3aTeJIMU: TPOYHOCTh Ha cxkaTue 6-10 MIla,
notHocth — 0,7-0,9 cM?/T, 06beMHast 1071 TyCTOTHOTO
npocrtpancTBa — 110 70 % o6bema, cpeaHuil pasmep mop
- 0,1-0,05 mM. B mycToTHOE MPOCTPAHCTBO METOJOM
NPOINUTKHU Yyepe3 3apaHee yCTAHOBJIEHHBIN 30H (puc. 4)
3akaumBatoT «pobiemubie» JKPO, KoTopble HaueKHO
dbukcupyoTess B mopax 6eToHHOI Marpuilsl. J[aBieHue
nozxaun JKPO npu mponutke cocrasisier 0,15-0,3 MIla.
K macrosmeMy BpeMeHW IOCTUTHYTO HAIMOJHEHWE OT-
xogamu 50-65 % obbema KOMIayH/Ia, B 3aBUCUMOCTH OT
Bua «1pobiaemubix» JKPO.

FXe¥

PaspaGorannsie B TYII MocHIIO «Pazmon» MeToxwl,
TeXHOJIOTHM U 00opynoBaHue HeMeHTrpoBanus PAO, no-
3BOJISIONINE TTEPEBOIUTD PAAUOAKTUBHBIE OTXObI B (hOp-
Mbl, Oe30IIaCHbIE IS JJIUTEIbHOIO XPaHEHU s, IIPOILIH IIPO-
BEPKY BPEeMEHEM U JIOKAa3aJTi CBOIO HA/IC)KHOCTD.
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1-KOHTelHep ¢ nopucTbiM 6eToHoM / cask pre-filled with porous concrete;
2-30HA / probe; 3-Hacoc / pump; 4-MaHOMeTp / manometer; 5-eMKOCTb-
xpaHunuwe XKPO / liquid radwaste tank; 6-3aWwmTHbI 6OKC / protective
box; 7-Tpybonposog, / pipeline

Puc. 4. Cxema OMbITHO-NPOMBbILLNEHHO YCTaHOBKY MPOMNUTKM MOPUCTOrO
6€eTOHa KNAKVMU PAAVIOAKTVBHBIM OTXOAAMM
Fig. 4. Pilot plant for porous concrete impregnation with liquid radwaste

permissible Ap of the grout used for impregnation of ash resi-
due is about 6 % of the original density. In order for leaching of
radionuclides from the resulting compound to be reduced, the
composition of the grout may be enhanced with the addition of
bentonitic clay (1-2 weight %) and, as a consequence, a plasti-
siser to restore fluidity (for instance, 0.1-0.5 weight % of C-3).

CEMENTATION OF ‘PROBLEMATIC’ LIQUID RADWASTE

Radon specialists have also developed a new technol-
ogy for cementation of ‘problematic’ liquid radwaste by im-
pregnating porous concrete with it (Liquid Radioactive
Waste Conditioning Method. Patent Application RU No.
2007142455 of 19.11.2007). Such waste may be represented
by organic liquids (oils, solvents, extractants, scintillation lig-
uids, etc.), weak-acid solutions of salt in water, liquid with high
content of surface-active substances, liquids with high content
of a-emitting radionuclides. Processing of such waste is asso-
ciated with stricter radiation safety measures. The technology
that has been developed enables treatment of small amounts
of such ‘problematic’ liquid radwaste directly where they are
generated (that is, nuclear sites) without the aid of a stationary
cementation plant.

Before the start of the process, a porous concrete matrix is
created in a standard drum (100 1 or 200 1) from a special ce-
ment material using a special technology. The porous concrete
is then left to cure for 28 days, until the main cement hydration
processes finish. The resulting concrete has the following prop-
erties: compression strength 6-10 MPa, density 0.7-0.9 cm®/g,
volumetric share of voids up to 70 % of the total volume, aver-
age pore size 0.1-0.05 mm. A pre-installed probe (see fig. 4) is
used to inject the problematic waste into the voids, securing
the waste in the pores of the concrete matrix. The liquid rad-
waste feeding pressure is 0.15-0.3 MPa. As of today, 50-65 %
filling of the compound’s volume has been achieved, depending
on the specific type of ‘problematic’ radwaste.

FXX

The radwaste cementation methods, process and equip-
ment developed by Radon Moscow have stood the test of time
and proven their reliability, and are now being successfully used
for conversion of radioactive waste into forms that are safe for
long-term storage.

ENVIRONMENTAL SAFETY

77



