NMEPCIMNEKTUBbI PA3BUTUSA

TEXHONOInMu AESAKTUBALUN TPYHTOB

MAOHY

PROSPECTIVE SOILS DECONTAMINATION

TECHNOLOGY

B.5. HUKOJIAEBCKUM, K.X.H. (YN MocHMO «PagoH»),

B cBA3KU C aKTyanbHOCTbIO Npobsem peabunurtauum
TEPPUTOPUIA U COKpalleHUA 06beMOB pPafUOaKTUB-
HbIX OTXOA0B, NoANeXalux A0AroBpeMeHHOMY Xpa-
HeHuo, Ha TYN MocHMO «PagoH» pa3pabartbiBaeTca
M NPOXOAUT UCMbITaHUA HOBAA TEXHONOIUA Ae3aKTuBa-
LUK TPYHTOB, coveTalowwan pusnyeckme u Xummdeckme
MeTOoAbl OYNCTKW.

dusnyecknii MeTon, yoaneHus w3 rpyHTa MenKon, Haubo-
Nlee 3arpAsHeHHOM ¢pakuumn nytem rugpocenapaumm bbin pea-
JIM30BaH Ha OMbITHO-MPOMBILUIEHHON YCTAaHOBKE Ae3aKTuBaL K
rpyHToB B HULL «KypuaToBCKMiA MHCTUTYT» [1]. OnbIT ee akcnay-
aTauMM NOKasaj, YTo M3-33 HEBLICOKOTO KO3bPULMEHTA OYMCT-
KM 3TOT cnocob no3BonseT Ae3aKTUBUPOBATb IPYHTbI TOLKO C
HU3KUM COAEpPKAaHUEM PaAMOHYKAMAO0B. [na 6onee rnybokoi
o4ncTkM Ha YN MocHMO «PagoH» pa3paboTaHa TexHonorns pe-
areHTHOM fe3aKTMBaLUK.

PEATEHTHAA OBPABOTKA

PeareHTHaa aesakTvMBauua npeanonaraet obpaboTKy rpyH-
TOB CMneuuasbHO NogobpaHHbIM PAcTBOPOM C MOCAeAYHOLLMM
BblAE/IEHUEM PAANOAKTMBHBIX KOHLEHTPATOB U3 TeXHOOormMye-
CKMX pacTBopoB. B pesynbrate uccnegosaHuii 6biam onpesene-
Hbl TUN peareHTa M COCTaB AEe3aKTUBUPYIOLWEro pacTsopa Ans
OYMCTKM MOYBbI, 3arPA3HEHHON PAaAMOHYKANAAMM Lie3uns, paaus,
NAyToHMA U amepuuma. CTeneHb OYMCTKM FPYHTOB COCTaBAAeT
90-99% 3a ogHy cTaguto gesaktmsaumm [2, 3]. BarkHbIM ¢daKTo-
pom ABnAeTCA TeMnepaTypa npouecca; Npu cUabHOGUKCUMPOBaH-
HOM 3arpA3HeHUN PagMOHYKIMAAMU MOXHO MUCMONb30BaTb aB-
TOKNaB, MO3BOAAOLWMIA NPOBOAMUTL NPOLECC peareHTHON obpa-
60TKM Npu TemnepaType ~160°C.

9 PEKTUBHOCTL TEXHONOTUW PeareHTHOW Ae3aKTUBaLMu
6blN1a NPOAEMOHCTPUPOBaAHA NPU MPOBEAEHUM UCTbITAaHWUIA Ha
OMbITHOM YCTAHOBKE A€3aKTUBALMW FPYHTOB C BPaLLAOLLMMCA
peaktopom-cmecuTtesiem ¢ pabounm obbemom 1,5 M3 U anek-
Tpooborpesom (puc. 1). BbiNo Ae3aKTUBMPOBAHO 8 T rPyHTa C
Tepputopun HUL, «KypyaTOBCKMIN WMHCTUTYT», 3arpA3HEHHOro
137Cs, ¢ UCXOAHON yaenbHOM akTMBHOCTbIO 30-150 KBK/Kr, nap-
TMAMKM no 500-800 Kr. B pe3ynbrate OYUCTKM OCTAaTOYHAA yaeb-
Han aKTMBHOCTb CHU3MAACL A0 0,6-3 KBK/KT, 4TO B HECKONbKO pa3
HUKE MUHUMANAbHO 3HAYMMOW yAeNnbHoW akTMBHOCTU (M3YA).
MaKcMmanbHaa cTeneHb M3BAEYEHUA PafUOHYKAMAA COCTaBU-
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As concerns associated with land remediation and
reduction of scopes of radioactive waste that require
long-term storage are becoming ever more pressing,
Radon Moscow has been developing and testing new
technology for soil decontamination, which combines
physical and chemical treatment methods.

The physical hydroseparation method for removal of the most
contaminated fine fraction was implemented on a pilot soil decon-
tamination plant at the Kurchatov Institute [1]. Operational experi-
ence has demonstrated that its relatively low decontamination
factor makes this method only suitable for decontamination of
soils with low radionuclide content. In order to provide for more
advanced soil cleaning, Radon Moscow has developed a decon-
tamination technology whereby treatment is performed using a
chemical reagent.

REAGENT TREATMENT

Reagent-aided decontamination implies treatment of soil by
a specifically-selected solution with subsequent separation of
concentrated radioactive brines from the solutions. As a result
of research, the needed type of reagent was identified along
with the composition of the decontaminating solution to clean
the soil contaminated with radioactive isotopes of caesium,
radium, plutonium and americium. The purification factor for
soils can be as high as 90-99% after a single stage of decontami-
nation [2, 3]. An important factor is temperature of the process;
when treating to remove strongly fixed radionuclides, an auto-
clave may be used that can perform the reagent-aided process
at temperatures around 160°C.

Effectiveness of the reagent-aided decontamination tech-
nology was demonstrated through trials performed using a
pilot soil decontamination plant with a rotating reactor-mixer
with 1.5 m? active volume and electrical heating (fig. 1). Eight
tonnes of ¥¥’Cs-contaminated radioactive soil extracted from the
Kurchatov Institute site were treated, with initial radioactivity
ranging within 30-150 kBq/kg, divided into batches of 500-800 kg.
As a result of the treatment, residual specific activity levels mea-
sured 0.6-3 kBqg/kg, several times less than the minimum signifi-
cant specific activity (MSSA). The maximum radionuclide extrac-
tion factor was registered to be 98%. The volume of the waste
was reduced 20-fold.
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na 98%. 06bem PAO 6bin cCOKpalleH B
20 pas.

Takum o06pasom, peareHTHbIM
cnocob xapaKktepusyetca 6osee Bbl-
COKMM  KOIDOULMEHTOM  OYUCTKMU
(~40) no cpaBHeHUIO C cenapaLMOH-
HbIm (~5).

B xo4e ucnbITaHWI onpeaeneHbl
3HaYeHUss OCHOBHbIX TeXHo/ornye-
CKMX MapaMeTpOB peareHTHOM Ae3akK-
TUBALMW FPYHTA M OCYLLECTB/IEHA NPO-
BEPKa pPaboTOCNOCOBHOCTM OTAENb-
HbIX anNnapaToB U Y3/10B YCTAHOBKMU.

ATUTALMOHHBIN pPeXUM [e3aKTu-
BaLLMM C NOCTOAHHbIM NepemelLmnBa-
HMEM BO BpallaloLLeMca peaKkTope-
cmecuTenie AaeT BO3MOMHOCTb 06-
pPaboTKM LWMPOKOTro CneKTpa rpyH-
TOBbIX MaTepManoB PasINYHOro rpa-
HY/IOMETPMYECKOro cocTaBa C Kpyn-
HbIMW BKAOYeHUAMU. CTeHAoBble
MCMNbITAaHUA MOKasanu, 4YTo 3arpss-
HEeHHble TPyHTbl 6osiee of4HOPOAHO-
ro coctasa, 06nagatoLLne BbICOKMMU GUNBTPALMOHHBIMU Xa-
paKTepucTMKamu, LenecoobpasHelt nepepabatbiBaTb B GUb-
TPALMOHHOM peXMme B annapaTe KOJIOHHOTo Tuna. Takoi pe-
YKMM, OCHOBaHHbIV Ha GUALTPALUK BbILLENAYNBAIOLLETO pac-
TBOpa Yepes c/iol 3arpA3HEHHOro matepuasna, No3BoafeT no-
BbICUTb TyOUHY OUYUCTKU FPYHTOB U AOCTUYb TpebyembIX HOp-
MaTMBaMM 3HAYEHUI Npu 6onee BbICOKOM YPOBHE UCXOAHO-
ro 3arpsasHeHusA. B oTinuMe OT arMTaLMOHHOIO pexuma, oT-
CyTCTBYET Heobxo4MMOCTb Mocaeaylolero pasgaeneHusa ¢as.
Bblnn onpeaeneHbl OCHOBHbIE MapaMeTpbl NPOLECCa: KOHLEH-
Tpauua peareHTa, CKOPOCTb GUAbTPALMU, COOTHOLWEHME KOH-
TaKTUpYyoLWmX das.

Ob6a cnocoba peareHTHON 06pPabOTKM NpeanonaratoT nocne-
JytoLyto nepepaboTKy TEXHONOMMYECKMX PAacTBOPOB.

PasBuTME TEXHONOMMM AE3aKTMBALMU TPYHTOB OCYLLECTBASA-
eTcA No ABYM HanpaBAEHUAM: CO3aHne MOBU/IbHBIX YCTaHOBOK
ONA CHUXKEHWA TPAHCMOPTHBIX PAacXOA0B Ha MepeBO3Ky 3arpAs-
HEHHbIX FPYHTOB K NMyHKTaM XpaHeHusA 1 pa3paboTka bonee ad-
dEKTUBHbIX CNOCOBOB M CXEM OYMUCTKM, BK/KOYAA annapaTtypHoe
odopmeHne NpoLLEeccos.

MOBW/IbHAA YCTAHOBKA

B HacToAawee Bpema Ha 'Y MocHMO «PagoH» nposogATca
MCMbITaHUA MOOWUABHON YCTAaHOBKM MMApOCENapaLMoOHHON Ae-
3aKTMBALMMN TPYHTOB MPOU3BOAUTENbHOCTbIO 250 Kr/u (puc. 2).
OHa CcOCTOUT M3 YeTbipex Moaynen — aesnHTerpaumm, Knaccu-
duKaumm, cryweHna n GuabTpauum, nepeBo3MMbIX Ha naaT-
dopme aBTomobMAA. Kawabli mMoAyib pasmeleH B CWUO-
BOM TPaHCMOPTHOM KapKace, cBapeHHOM U3 weennepos. [na
TPAHCMOPTMPOBAHUA MOMKET MCMNONb30BaTbCA Nt0b6oe TpaHC-
NnOpTHOE CpPeACTBO, NMpeAHa3HavYeHHoe ANA NepeBO3KWU CTaH-
OAPTHbIX KOHTEMHEePOoB.

Ucnonb3oBaHMe MOBWUIbHON YCTAHOBKM MO3BOMUT CHU3UTL
3aTpaTbl Ha TPaAHCMOPTMPOBKY 3arpA3HEHHOro rPyHTa K MecTy
XpaHeHuA. OYMLLEHHbIN Ha 3arpA3HEHHOM YYacCTKe TeppPUTOPUN
FPYHT MOKET ObiTb BO3BPALLEH HA MECTO U3bATMA, a BblAENEH-
HaA MenkoamMcnepcHaa ¢pakums, coctasaatowas ~15% ot ncxo-
AHOro ob6bema, NOANEKUT NepeBo3Ke B MYHKT AOATOBPEMEHHO-
ro xpaHeHuma PAO.
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Puc. 1. UcnblTaHMA Ha ONbITHOM YCTAaHOBKe Ae3aKTMBALMW MPYHTOB C BPALLAIOWMMCS PeaKTOPOM-
cmecutenem / Fig. 1. Tests on a pilot soil decontamination plant fitted with a rotating reactor-
mixer

Therefore, the reagent-aided method provides a far more ad-
vanced decontamination factor (~40) as compared to the separa-
tion method (~5).

During testing, key technological parameters of the chemical
soil decontamination process were established and operability
of individual components and assemblies of the plant were veri-
fied.

The agitation mode of decontamination, including mixing in
the rotating reactor-mixer, enables treatment of a wide range of
soils and soil-like materials of various granulometric compositions
with large foreign inclusions. Rig tests have demonstrated that
contaminated soils of more uniform compositions with higher fil-
tration properties are better treated using the filtration mode in
column-type units. This mode, which is based on filtration of the
leaching solution through a layer of contaminated material, can
help improve the extent of soil purification and assure the required
regulatory levels while loading a more contaminated original ma-
terial. Unlike the agitation mode, there is no need for subsequent
phase separation. Key parameters of the process were identified
such as reagent concentration, filtration rate, ratio between con-
tacting phases.

Both these methods of reagent-aided treatment demand
subsequent treatment of process solutions.

This soil decontamination technology is being further im-
proved in two areas: development of mobile decontamination
plants to reduce transport costs associated with contaminated
soil delivery to the storage locations, and development of more
efficient treatment processes and sequences, including design of
specific equipment.

MOBILE PLANT

Radon Moscow is currently testing a mobile hydrosepara-
tion plant for soil decontamination with a 250 kg/hour pro-
duction capacity (fig. 2). It consists of four modules used for
successive disintegration, classification, concentration and
filtration, which can be hauled by a truck. Each module is
enclosed within s frame made of welded channel bars. Any
transport vehicle suitable for standard overpacks can be used
for transportation of the modules.

NUCLEAR & ENVIRONMENTAL SAFETY
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TMBPUAHAA TEXHONOTUA

PeareHTHbIi cnocob Ae3aKTUMBALMM MOXKET OblTb MCMO/b-
30BaH KaK CaMOCTOATENbHO, TakK WM AN AOMNOJHUTENbHOW 60-
nee rnyboKOWM OYUCTKM rPyHTa Mocne cenapauumn menkon dpak-
uuun. O6paboTKa XMMUYECKMMU peareHTamm necyaHom ¢ppakumm
rPyHTa NO3BOIUT CYLLECTBEHHO MOBLICUTb 06U KO3bOULMEHT
OYUCTKM (CM. TabnLy) M CHU3UTb PaCcXoh, peareHToB.

MepcneKkTMBHOCTb COYeTaHUA ABYX MeTofoB Oblna 3Kcne-
pUMeHTa/IbHO MOKa3aHa Ha CTEHAO0BOM YCTaHOBKe Npu npose-
OEHUW OUYUCTKU TPyHTa B pexkume GUABTPALMOHHOIO Bbile-
NlaunBaHUA B annapaTe KONOHHOIO TWMa, NO3BONAIOLLEM OCY-
LLeCTBAATb rMApOCcenapaLumio U peareHTHy0 06paboTKy rpyH-
Ta B 04HOM annapate. Takaa opraHu3aumA npoLecca OYUCTKU
NMO3BO/INT TaK¥Ke YMEHbLUUTb KOMYecTBO Heobxoanmoro obo-
pyLoBaHWA (0TKa3aTbCA OT r’MAPOLMKIOHA U KnaccudumKaTopa).

[Ona nosbiweHna 3PpPeKTUBHOCTM Ae3aKTUBALMM TPYHTOB
NPOBOAATCA TaK»Ke PaboTbl MO UCMOb30BAHUIO YABTPA3BYKa A/1s
MHTEHCMbUKaL MM NpoLecca Ae3nHTerpaLun.

Hanbonee 3dpdeKTUBHbIM YCTPOMCTBOM A5 COBMELLEHUS
ABYX onepauuin B o4HOM annapaTe npeacTaBAseTca Mnyabcaun-
OHHaA KOJIOHHa. Takue annapaTtbl UCMO/b3YKOTCA B rMapome-
TaNNYpPrum ypaHa, peaKux U UBeTHbIX MeTain08 As NpoLeccoB
KnaccuduKaumm nynbn € OAHOBPEMEHHbIM BbllesauynBaHuemM
LLeHHOro KomnoHeHTa [4].

Mcnonb3oBaHMe KONOHH C MyNbCaLMOHHbIM NepemeLlmBa-
HMeM BO B3BELEHHOM cf0e o4eHb 3pPeKTUBHO. BHyTpM an-
napaTta MOXeT pa3mellaTbCcA HacafKa; ANA BbilenavynBaHUA
Haubonee npurogHa Hacagka KPMM3, koTopana co3gaet yno-
PALOYEHHYIO TUAPOAUHAMMUYECKYID CTPYKTYPY MOTOKOB, WH-
TeHcMbUUMpPYeT NepemeLlnBaHme U NpUaAeT YacTULLAM CNOXK-
HYIO TPAaeKTOPUIO ABUNKEeHUA. B TaKOM annapate MOXHO ocy-
LLeCTBAATbL U TMAPOCENapaLLmio, 1 BblllenaynBaHume C BbICOKOM
30 dEKTUBHOCTbIO, MPU U3MEHEHUU TPAHYIOMETPUYECKOTO CO-
CTaBa TBEPAOro matepmana B 4OBONbHO LIMPOKOM AMana3oHe
6e3 cyLecTBEHHOIO M3MEHEHUA CKOPOCTU MoAayYun pacTBopa,
YTO 3HAUYMTENbHO YNpOLLaeT 3KCNyaTaluMio U NOBbIWaeT Ha-
AEeXKHOCTb PaboTbl KONOHHbI.

BO3MOHOCTb MCMONB30BAaHUA MYNbCALMOHHbBIX KOJIOHH
ANA TMAPOCenapaLMoOHHON OYUCTKU TPYHTA, 3arpA3HEHHOro
137Cs, 6bblna NnpoaeMoHcTpupoBaHa 8o BHUUHM mum. akagemu-
Ka A.A. BouyBapa Ha MoaynpombiwaeHHOM ycTaHoBKe [5]. Mpu
npoussoantenbHoct Ao 0,5 T/4 KonoHHa anameTtpom 0,4 m 1
BblicoTOM 3,5 M o6ecneymBana o4ncTry Ao 90% mcxogHoro ma-
Tepuana. Bec 3arpasHeHHO paguoOHYKAMAAMU MenKon dpak-
LMK c pazmepom vactuu, meHee 50 mKm He npesbiwan 10% ot
NCXOAHOTO.

Ha pucyHKe 3 nokasaHa nNpuHLMNNANbHAA TEXHONOTMYECKasn
cXeMa, COBMeLalolan aBa MeTo-
[Aa [fe3aKTMBauun — ruapocenapa-
uMio M 06paboTKy XMMUYECKMMU
peareHTamu.

3arpA3HeHHbIN TPYHT CHavana
nocTynaeT Ha ruAapocenapauuio,
rae NpouCXoauT OTAeNeHue Men-
KogucnepcHol, Hanbonee 3arpas-
HeHHoW dpaKumn. Ha aToi ctagum
06paboTKM ypOBEHb PafMOAKTUB-
HOro 3arpA3HeHUA CHUXKaeTcA B
nATb pa3. B 3aBUCMMOCTM OT UCXO-
[HOrO YPOBHA 3arpA3HeHUs, rpyHT
MOXeT ObITb OYMLLEH [0 HOpMma-
TUBHbIX 3HAYEHWIN U OTNpaBAeH B
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MOKAS3ATE/IU OYUCTKU FPYHTOB OT *CS
PA3/IMYHBIMU CNOCOBAMU

PARAMETERS OF ¥CS REMIOVAL FROM SOIL USING
VARIOUS METHODS

Cnocob gesaktmeauumn  KoapoduumeHt KoadpduumeHT cHu-

Decontamination OUYMCTKU FPYHTOB KeHus o6bema PAO

method Soil decontamination Waste volume
factor reduction factor

mapocenapauma 5 3

Hydroseparation

PeareHTHan obpaboTka

Reagent treatment 40 >0

KombUHMpoBaHHbIN 200 20

Combined

Mobile plant will help reduce transport costs that would
otherwise be required to deliver contaminated soil to the stor-
age location. Treated in-situ formerly contaminated soil can be
returned to its place of excavation, while the separated-out fine
fraction that accounts for only ~15% of the initial volume will be
transported to a long-term radwaste storage location.

HYBRID TECHNOLOGY

The reagent treatment decontamination method can be ap-
plied both as a stand-alone process and as an additional stage
of deeper soil purification after separation of the fine phase.
Treatment of the sand fraction by chemical reagents allows for
a much superior overall decontamination factor (see table) and
reduced consumption of reagents.

Effectiveness of combining the two methods was demon-
strated experimentally on a test rig through filtration-mode
treatment of a soil batch using a column unit capable of perform-
ing both hydroseparation and reagent treatment of soil within
a single vessel. It also helps reduce the amount of equipment
required (i.e. leave out the hydrocyclone and classifier).

In order to further advance the efficiency of soil decontami-
nation, work is also on-going to use ultrasound for intensification
of the disintegration process.

The pulse column appears to be the most effective device to
combine the two operations within the same unit. Such plants
are being used in uranium, rare and non-ferrous metals hydro-
metallurgy for classification of pulps with concurrent extraction
of the valuable component [4].

Columns that use pulsation mixing within the suspended lay-
er are very efficient. Inside the vessel, an agitator may be placed;
for leaching purposes, the KRIMZ agitator appears to be the most
suitable as it provides an orderly hydrodynamic flow structure,
intensifies the mixing process and gives the particles a complex

Puc. 2. MobunbHas ycTaHOBKa 4/19 4€3aKTUBALMM FPYHTOB MyTeM rmapocenapaLmm
Fig. 2. Mobile plant for decontamination of soil by hydroseparation
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otBan. B cayyae npe-
BbILWEHMS A0MNYyCTUMO-
rO YPOBHA TPYHT Ha-
NpPaBAfEeTCA Ha CTagMIo
peareHTHOM 06paboT-

Meckn < M3YA

3arpasHeHHblli rpyHT / Contaminated soil

4 .

_- Bopa / water

TMAPOCENAPALMA / HYDROSEPARATION

KM, KOTopas Mno3Bo/f- Pacmeop
>

€T CHM3UTb CcoAepXKa- Sand < MSSA I';ecl;u IVIMSE;S)Z-\ peazeHma LLinamoBasn

HME  PaAMOHYKANAO0B and> .-~ Reagent dpakums
Vol solution Sludge fraction

B AecATKM pas. Mocne

o PEATEHTHASl OGPAEOTKA

PeareHTHON  i€3aKTH- REAGENT TREATMENT

Bauun v BoAHON rIpO: Boga / water  Mecku < M3YA pacrsop

MbIBKM  OUYULLEHHBbI . sand < MSSA solution

FPYHT Hanpasnsetca B
otBas, a obpasylowu-

N
N
N

N
Mpombieka / Washing

O4YUCTKA TEXHONIOTMYECKOTO
pacteopa / Process solution

eca B npouecce BbliLLe- purification
laYMBaHUA BTOPUYHbIE

KoHueHTpar pacrteop
PO - Ha o6pabort- PAO solution
KY COPOUMOHHbLIM UK Concentrated

radwaste

ocaauTeNbHbIM  Cro-
cobom. BbiaeneHHbln
M3  TEXHONOTMYECKMX
pactBopoB KOHLLEH-

B otBan

peazeHm

reagent

KoppeKTtupoBsKa coctaBa
pactBopa / Correction
of solution composition

LiemeHTMpoBaHue

movement trajectory. The unit
provides high efficiency of both
hydroseparation and leaching
within a fairly large range of gran-
ulometric compositions of the
solid material while maintaining
a relatively stable solution feed
rate, making column operation
significantly simpler and improv-
ing its reliability.

The feasibility of pulse columns
for hydroseparation treatment of
137Cs contaminated soil was dem-
onstrated by Bochvar VNIINM us-
ing a semi-industrial-scale pilot fa-
cility [5]. With the production rate
of up to 0.5 tonne/hour, a column
0.4 m in diameter and 3.5 m in
height provided decontamination
up to 90% of the original material.
The weight of the contaminated
fine fraction with particle size less

Tpat PAO obbeauHaoT
C TpA3HOW LWNamMOBOM
dpakymen ysna rugpo-
cenepauuv M Hanpas-
NAT Ha LeMeHTUpo-
BaHMWe, a 3aTeM Ha Xpa-
HeHve.  OUMLLEHHbIN
TEXHO/IOTMYECKMIA pac-
TBOP NOC/Ie KOPPEKTU-
POBKM cOCTaBa MoCTy-
naeT Ha peareHTHyt 06paboTKy HOBOW NapTUM FPyHTa.

[na peanusaumMm COBMELLEHHON CXembl [Ae3aKTUBaLuUn
TPYHTOB HEOOXOAMMO pelwuTb crefylolime 3a4ayuv: paspabo-
TaTb U U3rOTOBUTL annapaTt A/ OYUCTKU FPyHTa C UCMOIb30Ba-
HMeM ABYX CNocobOB OYUCTKM; MPOBECTU €70 UCMbITaHUE U OT-
paboTaTb pexuMmbl rmapocenapaumm M peareHTHol obpaboT-
KW TPyHTa; ONpefenuTb ONTMMasbHble YCI0BUA MPOBEAEHUA
COBMELLLEHHOTO MpoLiecca O4UCTKU; pa3paboTaTb annapaTypHo-
TEXHOJIOTUYECKYIO CXeMY KOMBUHMPOBAHHOW YCTaHOBKM.

Peanusauns pas3paboTaHHON CXeMbl NO3BONNUT 3HAYUTENIbHO
NoBbICUTb KOIPOULIMEHT OUMCTKM MO CPABHEHUIO C KaXKAbIM U3
HWX M [,ACT BO3MOXHOCTb O4MCTKM rpyHTa ¢ 6on1ee BbICOKOM NCXO-
[HOWN yAeNbHOW aKTUBHOCTbIO M TEM CaMbIM PACLLUMPUTL CEKTP
nepepabatbiBaembix matepuanos. Mpu sTom ob6bem PAO, nocTy-
NatoLLMX Ha XpaHEHWE, MOXKET bbITb COKpalleH B 20 pas npu Ko-
adduuneHTe 04MCTKM oKono 200.

To dump

soil decontamination process
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than 50 um did not exceed 10% of
the original volume.
Figure 3 illustrates the basic

Cementation

Ha ponrospemeHHoe
XpaHeHue

Long-term storage

process diagram that combines
the two methods of decontami-
nation, i.e. hydroseparation and

Puc. 3. MpyHUMNUanbHaA TEXHONOTMYECKasA CXemMa COBMELLLEHHOTO CMoCco-
6a aesaktusaumm rpyHToB / Fig. 3. Basic flow diagram for the combined

treatment with chemical reagents.

Contaminated soil is first fed
to hydroseparation, where the
fine — most heavily contaminated
fraction is separated out. During this stage of processing, the lev-
els of radioactive contamination decrease five-fold. Depending
on the original level of contamination, the soil may be cleaned
all the way to regulatory levels at this stage and sent to a clean
soil dump. If the prescribed levels are still exceeded, the soil is
supplied to the reagent treatment stage, which ensures that
the radionuclide content can be reduced dozens of times. After
reagent-aided decontamination and water-washing, the cleaned
soil is dumped, while the secondary radwaste resulting from the
leaching process is further treated by sorption or sedimentation.
The concentrated radwaste separated from the process solutions
is then further mixed with the contaminated sludge fraction from
the hydroseparation unit and sent to cementation, and therefrom
to disposal. The cleaned solution is further chemically corrected
and is re-supplied to be used in the reagent-aided treatment of
a new batch of soil.

In order to implement the combined soil decontamination
process, the following must be completed: develop and make
a dual-process soil decontamination unit; test it and refine the
hydroseparation and chemical treatment of soil; determine the
optimum conditions for the combined decontamination process;
develop the detailed flow and specific equipment for the com-
bined-process plant.

Implementation of the developed dual process will help vast-
ly improve the decontamination factor as compared to those that
they provide separately, and will enable cleaning of soils with
higher levels of initial specific radioactivity, thus expanding the
range of materials that can be processed. The volume of the rad-
waste that will need to be stored may be reduced 20-fold, with
the decontamination factor being around 200.
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