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H B nocnepHue ropabl
pacteT 06bem paguoak-
TUBHbIX FTPYHTOB, U3bSA-
TbiX C TEPPUTOPUIA NPOMBbILLJIEHHbIX Npeanpus-
Tun LentpanbHo Poccun. Takue rpyHTbl noa-
nexartr OJiMTeNIbHOMY XpPaHeHMIO KaK TBepAable
paguoakTuBHble oTxoAbl. OQHAKO OTHOCUTEJIb-
HO HU3KUI YPOBEHb aKTUBHOCTU 3TUX MaTepuna-
JIOB N OTCYTCTBME TEXHOJIOrMn nx nepepadoTku
NPUBOAAT K HEpaLuUOHaJIbHOMY UCMOJIb3OBaHUIO
06BbEeMOB XpaHUNULL,.

Y1006bI pewwnTb 3Ty Npobnemy, cneuuanuctbl NYMN
MocHINO «PapoH» paboTaioT Hag co3gaHueMm
TEeXHOJIOrMn peareHTHON ge3aKkTUBaLUun rPyHTOB.

anboJjiee IPOCTOM TeXHoJOorueir mnepepadoTKU
3arpsiI3HEHHBIX TPYHTOB SIBJISIETCS TUIpaBIMYeCcKast
Kyaccudukaius, Kotopasi B pa3inyHbIX KOMOMHA-
LMSIX LIMPOKO MPUMEHSIETCSl B TMIPOMETALTYPrUUECKOM
TIPOMBITIIEHHOCTU. OHAKO MCITOJIb30BAHUE TAKOTO METO-
Jia TI03BOJISIET CHU3UTH YIEIbHYIO0 aKTUBHOCTh TPYHTA TOJTb-
KO B 4—5 pa3, U MpU BHICOKOM YPOBHE 3arpsi3HEHUsT He
yaaetcs MoJlyduTh YUCTYIO TECKOBYIO (hpaKIIMIO ¢ MUHU-
MaJIbHOM aKTUBHOCTbIO, COOTBETCTBYIOILYIO TPEOOBAHUSIM.

TexHosorust peareHTHON Je3aKTUBALMM, CO3MAaHHas
cnemuanuctamu ['YIT MocHIIO «Panon», BkIO4aer
MOJIHBIN MPOU3BOACTBEHHBIN LMK BBIIIETauMBAHUS
PaIVOHYKJIUAOB U3 TPYHTA, MIPU 3TOM MPAKTUYECKU BeCh
MaTtepual 1e3aKTUBUPYETCS 10 HOPMATUBHBIX 3HAUEHU I U
MOXET ObITh BO3BpallleH Ha MECTO U3bsITUSI (HAmpuMep,
Ha TEPPUTOPUIO TPOU3BOJCTBEHHON 30HbI MPEATPUATUS).
OOpasyloluiicsi B pe3yjibrate OYMCTKU pPagrdOaKTUBHBIN
KOHILIEHTPAT TOJIEKUT 3aXOPOHEHMUIO.

Pa3paboTKy 3TOil TeXHOJOTMM MPOBOAMIM Ha pealbHbIX
npobax MecyaHoro M CYNecyaHoro rpyHTa ¢ OOJIbIINM KOJIW-
YeCTBOM BKJIIOUEHUI KPYMHOKYCKOBOIO MaTepuaia ecTe-
CTBEHHOTO M TEXHOI€HHOro MpoucxoxneHus. [Ipu stom
JIe3aKTUBALIMU TIOBEPrajicsl BEChb OObEM TIPYHTA. YeiabHast
aKTUBHOCTb Mpo0 cocrasisuia 60—130 KBK/KL, OCHOBHBIM
panroHyKaugoM-3arpsisauteneM obu1 'Cs. MccnenoBaHus
MOKa3ajiu, YTo /Ul OYMCTKU TpyHTa Haubosee 3¢hHeKTUBHO
BbIllIETAYMBAHUE B arUTallMOHHOM pexxuMe (T.e. Tpy Tepe-
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B For the last few
years, the volume of
radioactive soil from
industrial sites of the Central Russia has
been growing steadily. Such soil is classed
as solid radioactive waste and is subject to
long-term storage. However, the relatively
low activity level and the absence of repro-
cessing technology lead to unpractical use of
the repository space.

To solve this problem, specialists of SUE SIA
Radon are developing a technology of reagent
soil deactivation.

he easiest technology of reprocessing contaminated

soil is the hydraulic classification that is widely

applied in hydrometallurgical industry. However,
this method allows to reduce the specific activity of the soil
only 4—5 times; it is impossible to produce a clean sand
fraction with minimum activity that would meet the corre-
sponding norms.

The technology of reagent deactivation developed by the
specialists from SUE SIA Radon includes a full production
cycle of radionuclide leaching from soil. In the process,
practically all the material is deactivated fto the regulatory
values and can be returned to its place of origin (for exam-
ple, to the industrial site). The radioactive concentrate,
which results from reprocessing, is subject to disposal.

This technology was developed on real sand and sabu-
lous soil samples with a lot of rough material of natural and
man-made origin,; the whole volume of soil was deactivated.
The specific activity of the samples was 60— 130 k Bq\kg, the
main radionuclide being 'Cs. Research showed that 7—§-
hour leaching in agitation regime with mixed reagent on the
basis of mineral acids solution is most effective for soil
decontamination. The optimum temperature proved to be
over 80 °C, the ratio of solid and liquid phases (S:L) in pulp
was 1:1or 1:1.5. Such decontamination provided over 90 %
of soil deactivation, the residual specific activity was no
more than 7 kBq/kg. Benchmark ftests on 5-kg samples
proved these resullts.
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MEUIMBAHUM) B TEUEHUE 7—8 4YacoB C
WCTIOb30BaHUEM CMEIIIAHHOTO peareHTa
Ha OCHOBE pPacTBOPOB MUHEpaJIbHBIX
KUCJIOT; ONTHMMAaJIbHasl Temreparypa —
6osnee 80 °C, cooTHOLIEHUE TBEPAO U
xuakoit ¢asz (T:2K) B myabne — 1:1 wim
1:1,5. Ilpu Takoit 1e3aKTUBALIMN CTETIEHb
OYKCTKY TPyHTa cocTaBisuia 6ojee 90%,
OCTaTOYHasl yneibHasi aKTUBHOCTb He
npesbiana 7 Kbk/kr. CTeHI0BbIE UCTTBI-
TaHUsI Ha ITPoOax Maccoi SKr MoATBepAU-
JIV 9TU TAaHHBIE.

[MunoTHBIE WCTBITAHUS, OXBAThI-
BalOIll€ BECh TEXHOJIOTMUECKUN LMK

[] OcHoBHble TpeboBaHuA, NpeabaBrsSeMble K TEXHOIOrMn ae3ak-
TUBaALUN PafUNOaKTUBHbLIX MaTepUanoB AJiS CHUKEHUS paguaumoH-
HOro BO3Ae/CTBUS Ha NEePCOHaN U OKPYXaloLLyio cpeny:

* MUHMMaJIbHOE KOJIMYECTBO TEXHOJIOrMYECKUX onepawuii,

* repMeTUYHOCTb 06GOPYAOBaHUS U NPOCTOTa ero o6CcnyXXnuBaHus,

* BO3MOXXHOCTb aBTOMaTU3aLuM npouecca.

To reduce the radiation impact on the personnel and the environment, the
following requirements to the technology of radioactive materials deacti-
vation are used:

e minimum number of technological operations,

e hermetically sealed equipment, easy to operate,

e the possibility to make the process automatic.

JIe3aKTUBALIMK, IPOBOAWINCH Ha MPoOax IpyHTa MacCoii Pilot tests embracing the whole technological cycle of
50—70 xr (B oOlleil cI0XHOCTH ObLIO MepepaboTaHo  deactivation were conducted on soil samples weighing some
6ouee 600 KT 3arpsI3HEHHOTO MaTepuaa). 50—70 kg. On the whole, over 600 kg of soil was reprocessed.

Since the leaching solution contains a lot of
acid (up to 300 g/1), it was necessary to work out

TEXHOJIOTHYECKAA CXEMA
PEATEHTHOI OYVCTKM TPYHTOB

a regime of its multiple application. For this pur-
pose, Radon specialists deactivated 10 samples of
radioactive soil in the closed cycle of the techno-

TECHNOLOGICAL SCHEME OF REAGENT SOIL DEACTIVATION logical solution circulation. During the tests, tech-

nological indices of the process remained stable.
Besides, in the course of pilot tests the regimes

pyHT / Soil
f of water washing of the soil and neutralization of
unbalanced backwash water were worked out and
BblutEEﬂgT_,lfﬁéHME + other technical problems solved. For example, for
l agitation leaching, different reactors with agitating
Mynbna / Pulp units were used. This requires preliminary separa-
tion of the soil; besides, in case of an emergency or
SN routine shutdown, restarting of the reactor requires
FILTRATION manual unloading of the mechanism. Therefore,
l l Radon specialists used for leaching a rotating mixer
FpyHT / Soil dunbpar / Filtrate reactor of butara type developed and built especial-
Bona l ly for the pilot tests. To heat the pulp during rota-
Water T [Nl tion, a special conducting collector was designed.
- ABLUTION The tests were conducted as follows. The con-
l l taminated soil was loaded into the mixer reactor,
IpyHT / Soil MpompacTBop leaching solution was fed, the reactor was set rotat-

Backwash water

ing and the electric heating turned on. The process

HEMTPANVBALMS I v of leaching took from 6 to & hours. After that, the
NEUTRALIZATION TexHonoru4eckunii pacTeop pulp was unloaded into the nutsch filter, where the

l Technological solution technological solution was separated and the clean

B oTBan / Spoil of dump l K,[Fe(CN),] soil washed. After additional neutralization of the
Sggﬁféﬂg‘#&\l D — residual acidity, the soil was sent into the slag-

l heap. The reagent treatment allowed fo reduce the

®deppoumanHngHas nynbna
Ferrocyanide pulp

activity of the material some 15— 20 times.
After the technological solution had been used,

f it went through ferrocianide cleaning in the thick-
ener reactor by adding yellow blood salt to the solu-
LEKAHTALS . . .
DECANTATION tion. The cleaned solution, after its reagent compo-
l l sition had been corrected, was reused for leaching;
dDeppoLMaHIHEIA OCAaoK [lexarar / Decantate the ferrocianide pulp was settled and, after conden-
Ferrocyanide sediment l sation, sent for filtration; the residue from this pro-
l cedure was shipped to the radioactive waste repos-
LIOYKPETEHVE . L
3axopoHeHue / Disposal ASIDIFATION itory. In the course of reagent deactivation, the fer-

rocianide residue absorbed 97—99% of “'Cs that
had transferred from the contaminated soil into the
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Tak Kax BBITIETAYNBAIONINI PACTBOP COAEPKUT OOJTb-
11oe KoJn4ecTBo KuciaoTel (10 300r/i), B XOme MCIbITa-
HUII OBLIO HEOOXOAMMO OTpaboTaTh PeXHM €ro MHOIO-
KpPaTHOIO MCIOJib30BaHus. s 3TOro crenuajucThbl
«Pagona» nesaktuBupoBaniu 10 mpod pagroakKTUBHOTO
IPyHTa B 3aMKHYTOM I[1MKJe 000pOTa TEXHOJOIMYECKOro
pacTBopa, TIPW 3TOM TEXHOJIOTUUECKUE TTOKa3aTesId TIPo-
11lecca B XOJIe UCTIBITAHU OCTaBaJIUCh CTAOMITBHBIMU.

Kpome Toro, B Xoae IMMIOTHBIX UCIIBITAHUMI ObLIA OTpa-
0OTaHbI PeKMMbI BOIHOI OTMBIBKM TPyHTa U HeTpainza-
MM JeOaJlaHCHBIX TPOMBIBHBIX BOJI, & TAKXKE PEILIeHb IpYy-
rve TexHuyeckue 3aaayu. Hampumep, 1Uisi arUTallMiOHHOTO
BBITIIESIAYMBAHNS OOBIYHO WCITOJNIB3YIOT Pa3HOOOpa3HBIC
peakTophl ¢ MellalkaMu. 31ech HeoOXoauma TMpenBapu-
TeJIbHASI cerapalys rpyHTa U, B1I0OABOK ITPU aBapUMHbBIX U
TJTAHOBBIX OCTAHOBKAX IMMOBTOPHBIH 3aITyCK peakTopa Tpeoy-
€T pY4YHOIi pa3rpy3ku amnmapara. [Toatomy npu BbllIeIaun-
BaHUU CHEeUAIUCThl «PagoHa» MCMOIb30BAIM Bpallaio-
LIMIACS PEaKTOP-CMECUTENb TUIA OyTaphl, pa3padOTaHHbII
Y UBTOTOBJICHHBIN CITELIMATLHO JIJIST TIPOBEIEHUS MJTOTHBIX
ucnbiTaHuii. JIs1 momorpeBa MyJibIibl MPY BpallleHUW ObLI
CO3/1aH TOKOMOJABOISIINIA KOJLIEKTOP.

HMcnplTaHus mpoxoausiu ciedayioluMm obpa3oM. B
peaKkTOp-CMECUTEb 3arpyKajiu 3arps3HEHHbI TPYHT U
TT0/1aBajTi BHITIETAYNBAIONINN PACTBOP, PEaKTOp TPUBO-
JVJIU BO BpallleHUE U BKJIIOUATM 3JeKTpornoaorpes. [1po-
JIOJKUTEIbHOCTD Mpoliecca BhlleTauMBaHUsI COCTaBIIsLIA
6—8 yacoB. 3aTeM TyJbITy BBITPYXadd B HYTU-(DUIBTD,
Ie OCYLIECTBISUIUCH OTAEJIEHUE TEXHOJOIMYeCKOoro
pacTBopa W TIpOMBIBKa oOuwWIleHHOTOo rpyHTa. [locie
TOTIOTHUTEIBHOM HENUTpaTu3ali OCTaTOYHOU KHUCIOT-
HOCTHU I'PYHT HaIpaBJIsid B OTBal. B pe3ynbrare peareHT-
HOI 00pabOTKM aKTUBHOCTb MaTepuaja CHUXKajlach B
cpeaHem B 15—20 pas.

TexHomOrMYeckuit pacTBOp MOCJE MCIOJb30BAHUS
ToiBeprain (heppoIMaHUIHON OYUCTKE B peaKToOpe-cry-
CTUTEJIC TIyTeM BBEICHUSI B PACTBOP KEJITON KPOBSHOMU
conmu. OUUIIEHHBII PACTBOP IMOCe KOPPEKIUMU eTo pea-
TeHTHOIO COCTaBa CHOBA MOJABaJM Ha BbIlIeTauUBaAHUE;
(beppoLlMaHUIHYIO MYJIbIY OTCTAUBAIM U YK€ B CTYILIEH-
HOM BUJIe HAINPaBJIsIM Ha (DUIBTPALIMIO, A TTOJTYYEeHHbIN B
pesyisTaTe 3TOM TIPOIEAYyphl OCAaIOK — B XPaHWIIHIIE
TBEPIBIX PATMOAKTUBHBIX OTXOIOB. B pe3ynbrate peareHT-
HOI Ae3akTuBaluu (peppolraHUIHBINA OcamloK abcopou-
poBast 97—99% '¥'Cs, mepelieaiero B pacTBOp U3 3arpsi3-
HEHHOTO TPYHTa, IIPY 3TOM YeIbHasi aKTUBHOCTh PACTBO-
pa cauxkanach co 100 kbx/n no 1 kbk/n u MeHee. Yiesb-
Has aKTUBHOCThb ocaika cocTapisiia 16—28 kBk/r, uto
OoJiee yeM Ha JiBa MOPSIIKA BbILIE UCXOJHOW yNeJIbHON
AKTUBHOCTU TPyHTa. Takum 00pa3om, TaHHasI TEXHOJIOTHUS
obecreunBaeT CHUKEHHE 00beMa TBEPIbIX paIuOaKTUB-
HBIX OTXOJOB, MOJIEXalIUX AOJTOBPEMEHHOMY XpaHe-
Huto, B 100—200 pas.

ITunoTHbIe WCHBITAHUSI TO3BOJWJIM CHELUATNCTaM
I'VIT MocHIIO «Panon» cnipoekTupoBaTh U U3TOTOBUTH
OINBITHYIO YCTAHOBKY C €IMHOBPEMEHHOI1 3arpy3Kkoii 0,8 —
1,2 T rpyHTOBOTrO Marepuaja, MCIOJb30BaHUE KOTOPOI
MO3BOJUT OTPabOTaTh TEXHOJOTMU PEeareHTHOMN Ne3aKTU-
BallMU JISI TPYHTOB Pa3IMYHOIO THUIIA.
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solution. The specific activity of the solution was reduced from
100 kBQ/I to 1 kBq/I and less. The specific activity of the
residue amounted to 16—28 kBq/l, that is 2 orders higher than
the initial specific activity of the soil. Thus, this technology
reduces the volume of solid radioactive waste that is to go into
long-term storage, by 100— 200 times.

Pilot tests allowed the specialists from SUE SIA Radon to
design and manufacture a pilot plant with the capacity of
0.8— 1.2t of soil; the plant allows to work out the technology
of reagent deactivation for different types of soil.

[] TexHonorua peareHTHOI Ae3akTUBaLUU, CO3-
AaHHaa cneunanuctamu FYN MocHMNO «Papon»,
BKJ1I0OYaeT MOJIHbIi NMPOU3BOACTBEHHbIN LUKN
BblLLEJIa4YMBaHUA PAAUNOHYKNINAOB U3 FrPyHTa, Npu
9TOM NMpaKTU4Yecku BeCb MaTtepuan ae3akTuBmpy-
eTcqa A0 HOPMaTUBHbIX 3HAYEHUi U MOXeT ObITb
BO3BpAaLLEeH HAa MeCTO USbATUS.

The technology of reagent deactivation developed by the
specialists from SUE SIA Radon includes a full production
cycle of radionuclide leaching from soil. In the process,
practically all the material is deactivated to the regulato-
ry values and can be returned to its place of origin.
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1. SnexTtponpusog, / Electric drive; 2. 3yb4aTbiii npusog / Rack gear;
3. 3awmnTHbIN Hecywmin kopnyc / Protective body; 4. Pabounii kopnyc
13 HepxaBetoLLen ctann / Stainless steel operational body; 5. Kpblilika
Cover; 6. Tepmopatunk / Heat sensor; 7. XoMyTHO TEPMO3eKTpoHarpe-
Batenb (TOH-2x2 kBT) / Clamp electric heater (TEN-2x2kWt); 8. YTen-
nnTeNb MUHepanbHbii / Mineral insulant; 9. MNepemewmnpatowas nonaTka
Mixer blade; 10. NMoBopoTHoe koneco / Castor; 11. OnpokuabiBaioLas
pama / Tilting frame; 12. Hecywasa pama / Carrying frame; 13. TpaHc-
nOPTUPOBOYHBI ponuk / Transfer roller; 14. TOKOCbEMHOE KOJbLLO
Collecting ring; 15. LLleTka megHorpadutHasn / Copper-graphite brush.
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