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C camoro Havajia pasBUTHS MeMOpaHHBIX ITPO-
11eCCOB B KOHIIe 60-X IT. IIPOIJIOTO BeKa OHM pac-
CMaTPUBAINCh KaK IepCleKTUBHbIE TEeXHOJIOTUU
IJIT OYMCTKU SKUIKUX PAAMOAKTUBHBIX OTXOMOB
(CKPO). Haubosee MMpOKO JaHHbIE UCCIeIOBAHMS
nposoauanck B CIIA u 3anamHoit EBporie, roe pa-
G0TBbI B TOM HaIlpaBJAeHUM ObLIM MHULIUMMPOBAHBI.
IMepsbie pa6oThl B CCCP Mo MCHOAb30BAHMUIO MEM-
OGpaHHbBIX TEXHOJIOTHI i Heeit ourctku JKPO Ha-
vaTel B MXTU um. [I. . MeHneneesa (HbiHe PXTY)
u MOCKOBCKOI cTaHumu mnepepabotku JKPO BO
BHUWHM um. A. A. BouBapa B Hauase 70-X IT.

Yepe3s 20 et 6apoMeMOpaHHbIE MTPOIECCHI MTOTY-
YUJIM HIMPOKOE pacipoCcTpaHeHMe He TOJMbKO IMpak-
TUYECKM BO BCeX TPAAUIIMOHHBIX OTpaCIsiX IIPO-
MBIIIVIEHHOCTH, HO ¥ B @TOMHOI1 OTpac/iu, BKIOYast
ADC, smepHble MCCIedOBaTe/NIbCKME IIE€HTPBI, 1eH-
Tpbl tepepaboTky OAT u T. 1.

[Mocnemume 10—15 neT MeMOpaHHBIE TEXHOJO-
MY Havyaau aKTMBHO BHEAPSITHCS IJIS IepepadoT-
ku JKPO HM3KOTO YPOBHSI aKTMBHOCTHU, U TIpexze
Bcero Ha ADC. OCHOBHBIMM IPUUYMHAMM 3ITOTO
CTaJI0 YKeCToueHMe IKOJIOrMUYeCcKMX TpeGoBaHmit 1
Mporpecc B 06/1aCcTy MeMOpPaHHBIX TEXHOJIOTHIA. Ha
6onpmHcTBe ADC JKPO mepepabaTbiBaay MeETO-
IlaMI BbITIAPKM, MIOHHOTO 0OMeHa, TPaAUIIMOHHOI
dunbTpanyeit wiM KOMOMHAIIMe! 3TUX CIOCO6OB.
OmHaKko IOCKOJbKY MOHHBIN OOMEH MPUBOIUT K
yBeIMUeHNIo B 2—3 pa3a KoJanMuecTBa OTXOA0B, Tpa-
IUIMOHHAs GuIbTpalusl He obecrieunBaeT 3afep-
skaHMe KoutouaoB Co, Mg, **Fe, 12°Sb, a Bbinap-
Ka MMeeT BbICOKME OmnepalOHHbIe PACXOAbI U MPU
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3TOM He Bcerga obecrieuyBaeT KayecTBO OUMCTKY,
MO3BOJISIOIEe PA3rPY3UTh KOHIEHCAT B OKPY)Kal0-
IIYIO Cpefly, OT 3TUX CIIOCOOO0B OUMCTKM CTaJIN I10-
CTEIIeHHO OTKa3bIBaThCH.

B nHacrosuiee BpeMsi MeMOpaHHbIe TEXHOIOIUK
aKTMBHO M}CIIONb3YIOTCS Ha [JecsiTKaX OObeKTOB
aTOMHOJi OTpac/n, ¥ Ha MHOTMX M3 HUX HAKOILJIeH
MOJIOKUTETbHBII OMBIT IpyMeHeHus (Tabu. 1) [1].

IlenTp nepepa6otku orxomoB B Chalk River
National Laboratories

B Kauape B Chalk River National Laboratories
(CRNL) B pesysbTaTe MHOT'OJIETHUX UCCIEO0OBaHU
o ouuctke JKPO pa3paboraH psii, MeMOPaHHBIX
CUCTeM Kak JJIs OYMCTKU, TaK U JIJISI pelUKINHTA
TT0JIE3HBIX KOMITOHEHTOB OTXOJI0B, HAIIpMMep, 60p-
HOJ KUCJIOTBHI.

B 1971 r. 8 CRNL 6511 pa3pabotan mpoiecc BARC
(boric acid recycle) 06paTHOOCMOTHUYECKOTO W3-
BJI€UEHVsI GOPHOI KUCIOTHI U3 JKUAKUX OTXOIOB C
LIeJIbI0 ee TIOBTOPHOTrO MCIONb30BaHus [2—4]. Uc-
XOJIHbIN PacTBOp GOPHONM KUCIOTHI MOCTYIMaa Ha
TepBYIO CTyIIeHb 06paTHOTO ocmoca (001). [Tpu pH
MeHee 7 6opHas KMCIOTa HAXOIUTCS B HEIMCCOLIV-
upyemoii opMe U IMPOXOAUT Uyepe3 06paTHOOCMO-
TUYECKYI0 MeMOpaHy; MpuU 3TOM PaJMOHYKIUIbI,
HaxofsIIMecs: B pacTBope, Ha 99% 3amepsKMBaIOTCS.
KonuenTtpar nociie niepsoii crynienu OO1 moctynan
Ha YCTAHOBKY 06PaTHOTO OCMOCA TPEThe CTYIeH!
(O03) myis DONOMHUTEIBHOTO KOHUEHTPUPOBAHUS
OTXONIOB C paauOHYKIUAaMu. BMmecTe ¢ HMMMU B
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Tab6nuya 1. lMpumepsi npuMeHeHUs MeMOPAaHHbIX MexHo02uli 8 amoMHoli ompacau

O6paTHbIi 0cMOC (HAaHODUNLTPALWS)
AECL Chalk River Laboratory (KaHaga)
O6paTHbIM 0CMOC C TPAAMLIMOHHOM NpeaBapUTENbHOM NOLATOTOBKOM
A3C Nine Mile Point (CLUA)
A3C Pilgrim (CLLA)
O6paTHbIi 0CMOC C NpeaBapuTEbHO NOATOTOBKOW METOLOM YAbTPadUALTpaLLMM
A3C Wolf Creek (CLLA)

OxnaxpatoLye Boabl peaKkTopa, BOAbl peunkia 6opa

[peHaxxHble Boabl BWR peakTopa v apyrve oTxoabl

[peHaxHble Boabl PWR peakTopa, NpOMbIBHbIE BOAbI MOHOOOMEHHBIX CMON

[lpeHaxKHble BOAbI PeakTopa, NPOMbIBHbIE BOAbI MOHOOGMEHHbBIX CMOJI, BOAbI

A3C Comanche Peak (CLLA)

A3C Dresden nuclear (CLLUA)
A3C Bruce (KaHaga)

Savannah River Site (SRS) (CLLA)

AECL ChalkRiver Laboratory (KaHaza)
YnbTpadunbTpauums

A3C Diablo Canyon(CLLA)

A3CRiver Bend (CLLIA)

A3C Salem (CLLA)

A3C Seabrook (CLUA)

A3C Callaway (CLLA)

Mound Laboratory (CLUA)

Enhance Actinide Removal Plant, (BennkobputaHus)
MukpodunbTpaums

AECL Chalk River Laboratory (KaHaga)

RockyFlats (CLLA)

peuykna bopa

[lpeHaxHble Boabl peakTopa

Bogapl XMMMyeckoi 0TMbIBKM NaporeHepaTopa
O6paTHbIM 0CMOC C MpeLBapUTENbHOM NOATOTOBKOM MUKPOMUALTpaLMei

OTXOAbI OPYKENHOMO KOMM/IEKCA

OTxoppl UCCNE0BATENBCKOMO LEHTpa

TpaHcnopTHble BOAb!

[peHaxHble Boabl BWR peakTopa

[peHaxHble Boabl PWR peakTopa, BOAbl NpOTeYKM 060pyA0BaHUS U EMKOCTU
XpaHeHus 0TpaboTaHHbIX MOHOOOMEHHBIX CMON

[lpeHaxHble Boabl PWR peakTopa, npoTeykn 060pyLoBaHus, BOLbI
OXNIAXKAAKLLEr0 KOHTYpa

Xuakue oTXofbl 0T nepepaboTku Tonuea

OTx0Abl OpY>XEMHOTO KoMmniekca

3anFIBHEHHbIE FTPYHTOBbIE BOAbI

OTXO[pbI ITOITagano okoao 10% oT MCXOoHOro KOJIM-
yecTBa 60OPHOI KUCIOTHI.

[TepmeaT OO1 comepskas okoso 90% 60pHOIT KuC-
JIOTHI, mocTynuBiieli ¢ ucxomHbiMu YKPO. BopHast
KMUCIOTa KOHIIEHTPMUPOBaIach Ha BTOPOI CTyIeHU
obpaTtHoro ocmoca (002). [Iast TOro, 4To6bI CKOH-
LIeHTpUpoBaTh GOPHYIO KUCIOTY, pH pacTBopa 1mo-
BbIIIa/M 110 9,5. B aTMx ycaoBus 60pHast KMCI0Ta C
saddexkTBHOCTBIO 99,9% 3amepskuBajgach Ha TOH-
KOIJIEHOYHBIX TIOMMaMUAHBIX MeMOpaHaX. KoH-
IleHTpaT GOPHOI KMUCIOTHI BO3Bpallaiy IS I0-
BTOPHOTO MCIIONIb30BaHMsI B peakTope, a Iepmear
[0 TI0Ka3aTeIsiM OObeMHOJ aKTMBHOCTM COpachI-
Ba/IM B ipeHakHbIe BOJbI.

IOpyrum pe3ysibTaTOM MCCAeOOBaHMIA CTaga MeM-
6panHHast cuctema Ijst ouncTku JKPO Mpousso-
IUTENbHOCTBIO oKoyo 5000 m3/rog [5—11]. Cxema
nepepabotky JKPO BK/IIOUasa MUKPODWIBTPALINIO,
00paTHOOCMOTUYECKYIO OYMCTKY M KOHIIEHTPUPO-
BaHMe OTXOJIOB C OKOHYATEJIbHBIM CTYIIeHMEM OT-
XOJI0OB B TOHKOTJIEHOUHOM MCIIapuTere.

Muxpodwibrpaiust ucxomHeix JKPO ymansia
B3BellleHHbIe YacTUIlbl pasMepoM 6Gojee 0,2 MKM.
Onst  ymaneHusT  pacTBOPUMBIX  COeNUHEHUH,
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MPUCYTCTBYIOIINX B McxonHbIx JKPO, npumeHsin
XMMUYECKYI0 06pabOTKy OTXOIOB M BBEIEHME I10-
POILKOBBIX COPOEHTOB U acoOp6eHTOB. [Ipy MUKPO-
unpTpanym n3 ucxogHbix JKPO ymansiioch OKoJIo
45% B- v y-U3JTy4yaronmx pagyuoHyKINA0B U OKOJIO
70% o-u3nydarwiyux paguoHykauaoB. OcraToy-
Hasl aKTMBHOCTb P-M3IyYaloNMX HYKIUIOB B Iep-
MeaTe MUKpobwIbTpaluy Ha 60% orpenesnsuiach
137Cs. OumIineHHbI TakKuMM 006pa3oM pacTBOp IIO-
CTyIaja Ha CTaAuIo 06pPaTHOTO OcMoOca. B kauecTBe
MeMOpaH MCIIONb30BalM TOHKOIUIEHOYHbIE ITOJIN-
aMuaHble MeMOpaHbl, KOTOpbIe ITO3BOJISIM CHU-
3UTb JaBiaeHue npoiecca no 2,8 MIla. B pesynbraTe
YIbTPabUIbTPALIMIOHHON 11 06PaTHOOCMOTUYECKOT
OUMCTKHU yAAISIIOCh 99,9% o-msnydatomnx u 99,6%
B-M3AyvaIINX paguMoHYKIUAOB. KoHIeHTpupo-
BaHMe OTXOMOB IPOBOAMIIM C MCIIOIb30BaHUEM
2JIEMEHTOB OOpPAaTHOrO OCMOCA PYJIOHHON U TPyO-
YaToy KOHCTPYKLMIA, UTO MO3BOJMUJIO COKPaTUTh
o6bem JKPO B 30—100 pa3 OT MCXOIHBIX U IONIY-
YUTh KOHIIEHTPAT ¢ MuHepamusauueii 30—50 r/i.
KoHileHTpaT Iowie Tpy64yaToii 0OGPaTHOOCMOTU-
YeCKOJ YCTAaHOBKM IMOCTYNaja B TOHKOIUIEHOUHBIN
MCIIApUTENTb, THEe TOoNyYyaau KyOOBbBINi OCTATOK C
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MuHepanusauueit okosno 200 r/1, KOTOPbIi MoaBeEp-
ramm 6uTymupoBaHuio. KoHeuHbIii TPOAyKT (61-
TYMHBIV KOMITayHZ) MMeJ HaIlOJJHEHVME MO COJISIM
25—35%.

IleHTp MepepabOTKM OTXOAOB IIOIIAA0K
F/H B Savannah River Site

Onst ourctku JKPO ¢ Mpou3BONCTBEHHBIX IIIO-
manok F Area n H Area Savannah River National
Laboratory (SRNL) 6b11 cO370aH IIeHTp IepepaboT-
ku orxomoB F and H Effluent Treatment Facility
(F/H ETF) [12—27]. Uentp nepepaborku XXPO cTo-
MMOCTbIO B $50 MUTH GBI 3aITy1IIEeH B OKTSIOpe 1988 T.
[19]. EsxegueBHo F/H ETF mepepab6atsiBaeT oT 380
o 1000 m3 JKPO, a ero MakcumasbHast TPOU3BOIU-
TeabHOCTh cocTaBisgeT 1600 m3/cyT. )Kunkue orxo-
IIbI, TIOCTYTIAONIME Ha TIepepaboTKy, COCTOSIT U3 OX-
JIaXKAawIel Boabl KAHbOHOB, IPOTEUEK €MKOCTEN
JKPO M KOHAEHCATOB MCIapuUTeseil paguoxumMmye-
CKOro npousBopcTaa [5]. ConeconepskaHue pacTBo-
pPOB OIIpeJiesisieTcs] MPeumMyleCTBeHHO HUTPATOM
HaTpus u gocturaet 2 r/n. Kpome HUTpara HaTpuUs
PacTBOPBI COMlePKAT TsKeable MeTa//Ibl U OpTaHU-
yeckue BemecTBa. O6bemHas akTuBHOCTD JKPO co-
craBiisieT okosno 10* bk/n [24].

Panee cyiecTBOBaBIIAsT TEXHOIOTHUS TepepaboT-
KM OTXOIIOB IIpefIiojaraja MOHOO6MEHHYI0 OUMCT-
Ky. OmHaKo mMpo6IIeMbl, TIPUCYIIE MOHOOOMEHHO
TEXHOJIOTUYM (HEBO3MOXXHOCTb YIAAUTh HEpacTBO-
pUMbIe ¥ HeMOHHbIe KOMITOHEHTbI, HU3KME KO3(]-
(ULMEeHTBI OUMCTKM OT PAAVOHYKIMIOB, OrpaHM-
YyeHHasl eMKOCTb MOHUTOB U GOJIbIINOI 06beM pere-
HepaToB), 3aCTABUJ/IM TIepeiiTi Ha HOBYIO T€XHOJIO-
ruio repepabotku JKPO [17].

HoBass cxema miepepaboTKu BK/IIOUania c6op,
KOppeKkTMpoBKYy pH, wMukpodumabTpauyio (peii-
TiHr 0,2 MKM), COpOILMI0 Ha AaKTMBMPOBAHHOM
yIjie, 00paTHBINi OCMOC C MOCTeAYIOIel yIapKOii

KOHIIEHTPATOB U GUHUIITHYIO OUMCTKY OUMIIEHHBIX
BOJ, Ha KaTuMoHMUTax. [1o nmpenBapuTeIbHbIM Oll€H-
KaM 3HepromnorpebdaeHne Takoil cxeMbl epepaboT-
ku JKPO coctaBuio okono 28% OT 3aTpart Ha Iepe-
paboTKy ymapuBaHueM [15]. [1sT OLleHKM HOBOIA
TEXHOJIOTUYM OBbLIM TIPOBEHEHbI OIBITHbIE PabOThHI
Ha NUJIOTHBIX YCTAHOBKAaX Pa3HOi TPOU3BOAUTENb-
HoCTM [13—16].

VcripITaHMsI HOBOJE cxeMbl TtepepaboTky JKPO Ha
YCTAHOBKe TIPOM3BOAUTENIBHOCTHIO OKOJMIO 2 M3/4
IoKa3ajau, 4To MpU MPUMEeHeHUM 0OpaTHOro OcC-
Moca o6pasyeTcs B 2 pasa MeHbIle BTOPUUHBIX
OTXOIIOB, YeM IpM MOHHOM o6MeHe. IIpu 3TOM
06beM OUMILEeHHO BOXBI COCTaBisieT A0 94% or
ucxomHoro o6wvema JKPO, mocTynaminyux Ha repe-
paborky. [21].

[MTocte MUKpOGUIBTPAIMM U 06PATHOTO OCMOCA
IS TOOUYMCTKY OT TOKCUMYHBIX 3JIEMEHTOB, KaTu-
OHOB TSDKENbIX METa/IJIOB U PaAMOHYKIUIOB UC-
I10JIb30Ba/IM MOHHBI 06MeH. TsKesble MeTaslbl,
PTYTb U OpyT¥ie TOKCUYHbIE 3JI€MEeHThl YAISIIN C
MCITO/Ib30BaHMEM MOHOOOMEHHBIX CMOJI, KOTOpPbIE
MoC/ie UCIOAb30BaHMSI HE pereHepupoBasiy, a Ha-
MpaBJsii B xpaHuiauile. PaguoHyKIMUIbl CTPOH-
UMST M 1e3us yOoaasiiv Ha Ccyab(oKaTMoHUTAX, KO-
TOpbIe 3aTeM pereHepupoBanu [20], a pereHepaThl
ueMmeHTHUpoBainu [18].

B mpoiiecce akcryaTauyu BbIICHUIIOCH, UTO Ke-
paMuyeckue MUKPOQUIbTPbI CKITOHHBI K CUITBHOMY
3arpsiI3HEeHMIO, UTO TIPUBOAWIIO K CHMXKEHUIO TIPO-
M3BOOUTENBHOCTU CUCTEMBI B I1eIOM. DKCIUTyaTa-
LM ToKasajia, YTO MPOU3BOAUTENIbHOCTh KepaMu-
yeckux GUJIbTPOB TajlaeT B 5—7 pa3 ¢ MPOEKTHBIX
100 rajur./MuH. (378 n/MuH) 1o 15—20 (57—77 i1/mMun.)
(puc. 1). BpLIO YCTaHOBIEHO, UTO IVIABHOW IPUYM-
HOJi 3TOro SIBMJIOCh GaKTepuaabHOe 3arpsi3HeHue
noBepxHOCTU GuabTpoB [22]. CuabHOE 6Mo3arpsi3-
HeHMe MMUKpPOGUIbTPOB HAOGMIONAIOCh YKe Mpu
HeOOJBIIIOM TPEBBINIEHUY YPOBHSI COMepPsKaHUS

[MpounsBognTeNbHOCTD, ranin./MuH
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GakTepuii, KOTOPbINi MMeeTCsI B OOBIYHBIX ITO-
BEPXHOCTHBIX BOAax. [JIsS ONTUMM3AUUMU YCIO-
BUII QWIbTpaMy ONPOOOBaIN Psifi CIIOCO6OB, HO
B uTOre GbUIa MpEIJIOKeHa KOary/silysl COISIMU
amoMuHusi. AHanu3 JKPO mokasan Hanuuue B OT-
xogax Tpubytundocdhara (TBD) u mapadmHOBBIX
YIJIEBOOOPOOOB, IpuiyeM KoHIueHTpauusi Th® mo-
crurasa 100 Mr/i1, a KOHIeHTpanus napadhuHoOB —
4 mr/n [26].

BanencrBue pactsopumoctyt TB® (400 mr/a nipu
25 °C) opraHmyeckye BellecTBa I1ocjie MUKPOQUIb-
Tpalyuu MOMafaT Ha CTaAMI0 0OPAaTHOTO O0CMOCa,
YTO MPUBOOUT K 3arps3HeHuIo 06paTHOOCMOTU-
yecKkux MmeMmOpaH. ITO, B CBOIO OUepellb, SIBJIIETCS
(akTopoM, IPOBOLMPYIOMIMM MX OaKTepuaabHOE
3arpsisHeHue. [25] g mpemoTBpaiieHust 3arpsi3-
HeHMsT 06paTHOOCMOTHYECKUMX Membpan ThB® u
rnmapadmMHamMy B TEXHOJTOTMYECKYI0 CXeMY MEXITY
MUKPOQUIbTpALMeil U 06paTHBIM OCMOCOM ObLia
nobaBieHa KOJMOHHA C aKTMBMPOBAHHBIM YIJIeM
[23], xoTOpYIO MOC/Ie MUCIIOMb30BaHMS HaIlIPaBJIsIN
B xpauunuiie TPO.

OpHako maxke IMOC/ie BCEX MPENIPUHSITBIX Mep C
HayaJIoM SKCIUTyaTallMy CUCTEMbI ObUIO OTMEUEHO
3arpsi3HeHne 06paTHOOCMOTHUYECKOTO 060pymoBa-
HUST HeopraunyeckuMu BemectBamu (Al, Fe, Si) u
6akTepusIMM, KOTOPbIE MPUCYTCTBOBAIN B PaCTBO-
pe B KoHIeHTpauuu 10°—107 6akTepuit/ma. Ycra-
HOBJIEHO, YTO 6aKkTepuy MOMaAaIM B PacTBOp U3
GuabTPOB € MOHOOOMEHHBIMM CMOJIAMU U AKTUBU-
POBaHHBIM YIJIEM, & HA CTaIMI0 OOPATHOTO OCMO-
ca GakTepuy MEPEHOCUIVICh Ha HEOPraHMYeCcKuX
KOJJIOUAAX, pa3Mep KOTOPBIX II03BOJSII TPOHUKATh
yepe3 MUKPOOUIBTPBI. B pe3ynbraTte 6akTepumaTb-
HOe U KOJUIOMIHOE 3arpsi3sHeHMe MPUBOIUIO K OT-
JIOXKEHMSIM Ha MeMOpaHax M Heo6X0IMMOCTH bostee
4aCThIX NIPOLEAYP UX OTMBIBKU [27].

HAO
90 Tbic. m*rog,

A 4
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IleuTp mepepadboTKM ajib(da-comeprRammx
orxonoB B Ceutadwmibae

B BenukobpuTaHuy peaan3oBaH OAVH U3 KPYII-
HEeJIIMX IIPOEKTOB B 0OJIACTU TMPUMEHEHUS MeM-
OGpaHHOII TexHoMorMMu Ijs1 Imepepabotku JKPO —
3aBog, EARP (Enhance Actinide Removal Plant)
¢upmer BNFL B Cemnadbwunbge [5, 26—29]. 3aBor
CcTOMMOCTBI0 OKoo 200 MiIH GYHTOB OBUT ITy-
meH B 1994 1. u npegHasHaueH i mepepaboTKu
1 Teic. M%/ron, cpemHeaKTMBHBIX 0TX070B (CAQ) 1
0Kko0j10 90 ThIC. M3/TOH, HM3KOAKTUBHBIX OTXOJOB
(HAO), comepkamiyx B OCHOBHOM AaKTMHU[IbI, a
Takke HEKOTOpOe KOJMUYECTBO [-U3Iydaroninx
PaiMOHYKINAOB.

Ha saBome EARP peanm3oBaHa cxeMa VJbTpa-
dbunpTpauuM ¢ TIpeaBapUTENbHON Koaryasiyer
U copbuyeli Ha HeOpraHMYeCKUX MOHUTaX. IIpemd-
BapuTebHbIe MUCIBITAHUSI TIOKA3aJ/IM, UTO JyUllne
pe3y/ibTaThl TMOJYYaAlOTCS MpU pa3fenbHOl mepe-
paboTKe cpemHe- M HU3KOAKTUBHBIX OTXOIOB. IIpu
stom CAO mepepabaThIBalOT IO IT€PUOIUUECKOI
cxeme, a HMU3KOaKTMBHbIe — TI0 HENpPepbIBHOIA
(puc. 2).

BOMBIIMHCTBO MOCTYHAIINX Ha HepepaboTKy
JKPO umeroT kucisiii coctas (pH okoso 0,5), a co-
nep>kaHue xenesa B Hux gocruraet 400 mr/n (oo
40 t/ropn). Ha mepBoii craguu IPOBOOUTCS HeVi-
tpanusauus JKPO rugpokcumom Hatpusi (o pH
9,5—10,5), corrpoBoskmaeMasi Koaryysiiyei TUIpoK-
cupa xenesa (I1I). [Tocie HelTpanu3aum B pacTBOP
BBOAUTCS (peppolaH]l HUKeS] B KOJIMYECTBE OT
10 mo 200 mr/n pns ymaneHus B-uU3Iydaroliux pa-
IVOHYKJINAOB, U TIOJTyUeHHas CYyCIIeH3MsI TI0JIaeTcsl
Ha yiabTpaduibTpanuio. st yabTpadIbTpalnm
MCIIONIb3yeTCs ammapaT ¢ TPyOodaThbIMM MeMOpaH-
HBIMM 3JIEMEHTaMU, CIelMalbHO pa3paboTaHHbI

NaOH

CopbeHTbI

Y naneHvie pacteoputenemn

A 4

EmkocTb NMPOMEXYTOYHOIro
XpPaHeHnA

HenpepuBHaﬂ Koarynauusa

A 4

C6poc B Mope

MNepBryHas ynbTpadunbTpaums

-

KonnekTop nepmeara

BropuyHas yneTpadunstpaums

-_

EmkocTb c6opa nepmeata

v

-

v

-_

KonnekTop nepmeara

LieMeHTMpoBaH1e rMapoKcuaHo-
LUMaMOBOI Nyrbbl

YneTpacdunetpaums

A 4

nepeg co6pocom
CAO
1 Tbic. M*/rop <
NaOH )
Mepuoaunyeckas koarynsyus >
CopbeHTbl

Puc. 2. Cxema nepepabomku XXPO e Enhance Actinide Removal Plant
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IJIS TAHHOTO Mpoiecca. YIbTpaduibTpaliOHHbIN
9JIEMEHT MPeCTaBIsieT co60¥ mydok u3 770 rpadu-
TOBBIX TPYOOK, KaskAast 3 KOTOPBIX ITOKPHITA CJIOEM
OKCcHuAa UMPKOHMS. McxomHast cycrieH3us MoJjaeTcst
BHYTPb TPYOOK. BbICOKast jMHEHAsI CKOPOCTh IT0-
TOKa (4—5M/C) mOpemoTBpalllaeT OTIOXKEeHMe 3a-
IpsSI3HEHMIT Ha MOBEPXHOCTM MeMOpaH. [uameTp
0P Y/IbTpadMUIbTPALIMOHHBIX MEMOPAH COCTaBIISIET
COThIE [OIM MUKPOHA. XMMUUECKIME CIIOCOObI pere-
Hepaluy (OTMbIBKA a30THO KUCIOTOJ) COBMECTHO
C IIPOMBIBKOJ ITPOTMBOTOKOM 0O0ECIIeUMBAIOT CPOK
CTy>k6bI MEMOpaH OKOJIO 3 JIeT.

KoHlleHTpUpOBaHMe CyCHeH3UM, COCTOSIIEN U3
ITUAPOKCUIOB 3Keje3a M HeopraHuveckux copOeH-
TOB, TIPOBOAUTCS B ABe cTaauu. Ha mepBoii CTy-
TeHM CYCIeH3Ms KOHLeHTpupyeTcs: 10 5—10 r/n
TI0 JKejie3y, a Ha BTOPOJ OHA 00e3BOKMBAETCS IO
KOHLIeHTpauuu Mo skene3y okono 100 r/m, mocne
Yyero HarpaBJsieTcs Ha lleMeHTHpoBaHue. [Tlepmear
yabTpaduabTpaluy copachiBaeTcs 6e3 J00UMCTKA
B VpnaHackoe Mope MM HAINpaBJsIeTCs B OJIOBY
rpoliecca Ha CTaAUI0 KOary/asiuu, ecly KauecTBO
repMeaTta He VIOBJIETBOpSET TpebOBaHMUSIM Ha
copoc. OmHako TexHosorust EARP He mosBosser
yaanutb 13 JKPO psif LOATOKUBYIIUX PAAVOHYKIN -
OB, Takux Kak *Tc u 21 u, 110 oleHKaM 5KOJIOTH-
yeckoit opranmsauuu Bellona, B Hauane 2000-X IT.
exxerogHo B MpriaHackoe mMope c6pachiBasioch 110
90 TBK aKTUBHOCTM.

IlenTp nmepepa6boTku 0TX070B B Los Alamos
National Laboratory

B HaimonanbHoi1 tabopatopun Jloc-Anamoc (Los
Alamos National Laboratory (LANL) Ha 1io-
maake 50 ¢ 1963 r. meiicTBOBaJl y4acCTOK Iiepepa-
6otku JKPO (Radioactive Liquid Waste Treatment
Facility — RLWTF). B cBsI3U C yKeCTOUEHMEM Tpe-
60BaHMIi K OUMIIEHHOI Boe, B 1999 r. cTapsblii yua-
CTOK ObLT 3aKPBIT I BMECTO HEro BHeIpeHa HOBas
YCTAHOBKA [JIsI OUMCTKM OOPa3yIOIIMUXCS OTXOMOB
[30—32]. OHa BKiTIOUaIa yabTPabUIbTPAINIO U 06-
paTHbIi ocmoc. [Ipon3BOAUTENBHOCTh YCTAHOBKU
oKoyo 14 m%/4u. TIpu BHegpeHMM HOBOW TEXHOIOTUN
CTOJIKHYJIUCh C PSIIOM CYIIECTBEHHBIX MPOGIEM B
ITyCKOBOJI TT€PUO/I, KOTOPbIe TIPUBEM K HEOOXOmM -
MOCTM TPOBeIeHMS] HECKOMbKUX TOTIOTHUTENbHBIX
mepornpusatuii. Ilpexmge Bcero, 3sKCIUlyaTalus B
Hava/IbHBIJ Iepuof, nokasajla HeJOCTaTOYHOe Ka-
YeCTBO MpeABapUTeIbHOM OUMCTKY MOCTYIAIINX
Ha YCTaHOBKY OTXO/I0B, UTO YK€ B IIepBbie MeCSIIbl
9KCIUTyaTalyy IPUBEJIO K BBIXOLLY 3 CTPOS Y/IbTpa-
(UIbTpAIMOHHBIX MeMOpaH.

g ycTpaHeHUsT STUX OMMOOK Ha CTaAuM IIpej-
BAPUTENbHOV OYMCTKM BBEIM XUMMUYECKYIO 00-
paboOTKy pacTBOPOB C MCIIOIb30BaHUEM CyibdaTa
Kenesa, Cogbl M ruapokcuna Hatpus. [lpu npose-
JeHUM XUMMUUecKkoir o0b6paboTku pH pacTBopa I0-
BbImaau 10 10,5 v mMpoBOAMIN OCaXKIEeHMe TUIPOK-
cua Kenesa C MouIenyoUMM OTCTauBaHUEM B Te-
YyeHMe CyTOK. 3aTeM PacTBOp GUJIbTPOBAIMU uepes
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HAaChITHbIEe GUIBTPBI C TTIECUYAHON U aHTPAIUTOBO
3arpy3Koif, YTO 06ecIeuMBaIO ymajeHue YacTuIl
pasmepoM 6oee 10 MkM. OCBETIIEHHBI PacTBOP
nponyckanu yepe3 GUIbTP TPyoOi OUMCTKU IJIst
yoaseHus: yactui, pasmepom 5—10 mkm. Ilocte
9TOTO PAaCTBOP TOCTYIIAJ] Ha YIbTPaQMIbTPAIINIO.
VapTpad@uabTpaliMOHHbIe MEMOPAHbI C IUAMETPOM
nop 0,08 MKM ITO3BOISUIM 3a4€pKUBAThb MOJIEKY-
JISIpHBIE coeauHeHus: ¢ Maccoit mo 10°. Ha cragun
06paTHOTO OCMOCA MCIIOIb30BAIY TOHKOIJIEHOY-
HbIe BbICOKOCEJIEKTMBHbBIE MOIMaMUIHbIe MeMOpa-
HBI C 3aJiepykKaHMeM 110 XJIOpuay HaTpus 6ojee 99%.

ITockonbKy B pe3ynbrare nepepabotku XXPO 06-
Pa30BBIBAIVICH BTOPUYHBIE OTXOIbI, 0OBEM IIEpe-
paboTky BbIpoc Ha 50% 110 CpaBHEHMIO C MCXO[-
HBIM 00beMOM OTXO[IOB. [IJIsI cOKpalieHus oobema
KOHIIEHTPATOB OOpPAaTHOTO OCMOCA MCITIOIb30BajIN
KOMOMHAIIMIO METOIOB JIEKTPOAMAIN3a U BbIIap-
KM, UTO TIO3BOJIVJIO CHU3UTh OObEM KOHIIEHTpa-
TOB B 10—12 pas. B KauecTBe 3/1eKTPOAUATN3HOTO
MCIOB30Ba/IM  ammapaT pPeBepCHMBHOTO 3eKTpPO-
muanm3a (electrodialysis reversal — EDR). [IvtoaT
anexTponuanu3a (okoso 80% oT o6bemMa KOHIIEH-
TpaTa 06PaTHOTO OCMOCA) BO3BpAIIaIM B TOJNIOBY
rpoliecca, a KOHIEHTpAT HaIpaB/siiM Ha BbIap-
Ky. B pesynmbraTe mIy60KOTO KOHIIEHTPUPOBAHMS
B KyOGOBBIX OCTAaTKax ITPOVCXOAWIO BbIMaeHMe
0CaJKOB.

B kauecTBe MCITapUTesIs UCIOIb30BAIM MOOWIIb-
HYI0 CHUCTEeMY, CMOHTMPOBAHHYI0 Ha TIpuiiere.
B cocTaB cucTeMbl ITTyOOKOTO KOHIIEHTPUPOBAHMS
BXOIWI WCHApUTeIb MTHOBEHHOTO BCKUITAHMUS
MIPOU3BOAUTENBHOCTBIO 2 M3/4. Ky6OBBIi OCTATOK
HampaB/IsUICS Ha YCTAHOBKY 6GapabGaHHOI CYIIKM.
Ky60Bblif ocTaTOK mopiysiMu 1o 150 j1 3arpyskaiu B
crienMaabHbli 6apabaH M OCTABJISIIM Ha CYIIKY MIPU
temmepatype pumepHo 300 °C (600 °F) B TeueHUe
8—12 4. Cyxoi1 ocratok B Buge TPO Hampasisinu
Ha IleMeHTMpOBaHue. B pesynbraTe mepepaboTKU
06BEM OTXOOB COKpaIliaIcs puMepHo B 17 pas.

KomIutekc mepepaboTKy OTXOI0B
B 200 Area Effluent Treatment Facility (Hanford)

Iysa mepepabotky XKPO Ha miomanake 200 B XoH-
dopme 6bUT CO3MaH KOMIUIEKC U3 IBYX OOBEKTOB
(puc. 3): xomruiekca c6opa JKPO (Liquid Effluent
Retention Facility — LERF) u xomrmiekca mepepa-
6otk JKPO (Effluent Treatment Facility — ETF)
[33—39]. OcuoBHble uctouHuku >KPO: BOApI 0X-
JIKIeHMUsT eMKocTel ¢ kuakumu BAO, Bombl Gac-
ceiiHa Boiep>kkyu OTBC, rpyHTOBbBIE U ApeHakKHbIe
BOMbI, MPOTEUKM MOTMIBHMKOB, BOMbI J1aOOpATO-
Wi ¥ pacTBOPBI Ie3aKTUBAIIUMN.

Komrieke LERF cocTout 13 Tpex 6acceiftHOB 00b-
emoM 29,5 Teic. M®> KaxKablii. bacceiiHbI cHaOKEHbI
cucTeMamMy Mpo600T60pa M KOHTPOJIbHO-U3MEpH-
TeJIbHbIX MPUOOPOB (IATUMKM YPOBHSI, KOHTPOJIS
pH uT. 11.).

[TpomnsBomutenvHoCTh KOMILIekca ETF mossons-
eT mepepabaTbiBaTh ekeromgHo 6osee 130 Thic. M°.

PaduoakmueHeie omxo0osi Ne 1 (2), 2018
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Puc. 3. Komnnexc nepepabomku sudkux HAO e XaHgopoe ETF:
a — obwuli 8ud; 6 — bacceliH 0nsa cbopa u ycpedHeHus XPO

B kxoMIuiekce MCIOMb3YIOTCS [IBa yyacTKa: JJIsl Te-
pepabotku JKPO u mjist mepepaboTKU BTOPUYHBIX
OTXOJIOB.

B cocraB yuacTtka nepepabotku JKPO BXomsT eM-
KOCTb-HAKOITUTENb, GUIBTP IPybOit OUMCTKY, OIIOK
yIbTPadMoNIeTOBOrO OKMUCJIEHNSI OPraHNYECKMX Be-
IeCTB, GJIOK KOPPEKTUPOBKM PH pacTBOpPOB, 60K
IeCTPYKIMM OCTAaTOYHOTO TMepMaHraHaTa, GuibTp
TOHKOJ1 OUMCTKH, OJIOK Aerasaunm, 610K 06paTHOTO
ocMoca, 610K MOHOOOMEHHO OUMCTKY U 610K KOH-
TPOJIS ¥ KOPPeKTUPBKYM pH ounilieHHOI BOAbI. Yua-
CTOK TepepaboTky BTOpuuHbIX JKPO cocTtouT u3
eMKOCTM cOOpa KOHIIEHTPAaTOB, MUCIApUTeNs (BbI-
[MapHOTO armapara), eMKOCTM KyOOBOTO OCTAaTKa,
TOHKOIIJIEHOYHOJ CYIIMJIKY M y3J1a 3aTPy3KU CYXUX
coJjieil B KOHTeHephI.

N3 emkoctu-Hakonutesns JKPO mpoxonst yepes
670K (WIBTPOB TI'pybOIt OUMCTKM [JI YOAJIeHUS
KPYITHBIX B3Beceli X 0CaJkoB M HAIPaBSIOTCS Ha
6JIOK OKMCJIEHMSI OpraHMYeCKUX BelecTs. JIjis pas-
pyllleHUsI OpraHMYeCcKMX BeIecTB MCIOAb3yeTCs
MPOLIECC UX OKUCTEHMS IEPOKCUA0M BOLOPOLA, COB-
MEIIEHHBI C YIbTPa(PUONIETOBBIM OOTYUEHEM.
IMocse 3TOro pacTBOP MOCTYIAET B GJIOK KOPPEKTHU-
poBku pH 1 3aTem uepe3 GUIbTP TOHKOI OUMCTKY B
OJI0K KaTaJUTUUECKOTO Pa3jIOKeHMs OCTaTOYHOTO
MepoKcuaa BOAOPOa, TaK KaK MOCJIeSHIA He MO~
HOCTBIO pasjiaraercsl B Ipoliecce OKUCAeHUsI opra-
HuKM. Heo6XomumoCTh paspylieHus] IepoKcuIa
BOJIOpO/ia BbI3BaHa €ro HeraTMBHBIM BJIMSIHMEM Ha
CeJIeKTUBHBIN CI0i 0OPaTHOOCMOTUMYECKUX MeM-
6paH. [Ijig paspylleHus] OCTATOYHOTO KOJIMYeCTBa
MepoKCHa BOAOPOAA MCII0/Ib3YyeTCsl KOJIOHHA C aK-
TUBMPOBAHHBIM yIJieM. 3aTeM pacTBOP MOCTyIaeT
B KOJIOHHY Jerasauuu, The yoaasieTcs IUOKCUZ,
yrepona, 06pa3oBaBIIMIACS B TIPOIECCE OKUCIIE-
HUST OPTAaHUKU.

OTx0[npbl, MpolIeAlIe MpeaBapUTeIbHYI0 MOATO-
TOBKY, TIOCTYIAIOT HAa JOBYXCTYIIEHYAThINi BJIOK 00-
paTHOTO 0CMOCA, IJie TPOUCXOLUT OCHOBHASI OUMCT-
ka. Ha mepBoii crynenu npoucxoaut ouncrka JKPO
C TIoJTyuyeHMeM IlepMeara, KOTOPbI HampaBJiseTcs
IIJISI TOTIOJIHUTE/IbHOM OYMCTKM Ha BTOPYIO CTyTIeHb
06paTHOTO 0CMOCa, a MOoc/Ie Hee — Ha 6JIOK MOHHOTO

PaduoakmueHsie omxo0dsi Ne 1 (2), 2018

obmena. QuuieHHast Boga IOCTYIIAe€T B €MKOCTH,
rae IMPOU3BOAMUTCS KOHTPOJIb KAUeCTBa OUMCTKYU U
BbIZ@eTCsl paspellleHue Ha ee c6poC B OTKPHITYIO
ruaporpad@uyeckyio cetb. YacTb OUMIIEHHON BOMIbI
MCIIOIb3YeTCS B TEXHOJOTMYECKMUX ILIeISIX Ha Opy-
I'MX IIomaaKax XaHdopaa.

KomIutekc mepepaGoTKI OTXOIOB
Ha A9C Wolf Creek (CIIIA)

Ha A9C Wolf Creek B 1998 r. 6buta BBemeHa B
9KCIUTyaTalyI0 yCTaHOBKA ISl epepaborku JKPO
(puc. 4), coCTOSIIMX M3 ApPEeHaKHbIX BOJ, TPaHC-
ITOPTHBIX BOA, OTPAb0TaHHBIX MOHOOOMEHHBIX CMOJI,
JIe3aKTUBAIIVIOHHBIX PAcTBOPOB, 06PA3YIOIIVXCS
TIpY TIPOBEIEeHNY PEMOHTHBIX PaboT U APYTUX CMe-
maHHbIX BumoB JKPO. Cucrema BK/IOYasa B cebs
TPyOUaTyIo yIbTpadMIbTPaIIo, PYJIOHHBIN 06paT-
HBIIi 0CMOC, MIOHOOOMEHHBIN 610K 1 6apaGaHHYIO
CYLIWIKY KOHLI@HTPAaToB [1].

Bce Buabi JKPO cobupaiu B eMKOCTb 151 HaKOILIe-
HMSI U yCpeOHEeHUsI OTXOOOB. I3 eMKOCTU ycpenHe-
HMSI OHM TIepeaBaich B GJIOK yabTpaduibTpaiium
JIJIST OUMCTKM OT OCAfKOB U B3BELIeHHBIX BeIleCTB.
ITepmeat 151 TITYOOKOM OUMCTKM OT PaCTBOPEHHbIX
KOMITOHEHTOB HAIIPaB/SUIM Ha CTaAMIO O0OpPaTHOTO
0CcMOcCa, a KOHLIeHTpaT BO3Bpalljaju B TOJIOBY IIPO-
mecca. Biok 06paTHOTO OCcMOcCa COCTOSUT U3 Tpex
yacTeil, Tme repmMear Iociae I cTyreHu o6paTHOTO
ocMoca i JOOYMCTKM Hanpasisiiu Ha Il cryrieHb
obpaTHOro ocmoca. B cBoio ouepenb mepmear co
II crynienu 1181 3aK/IIOYMTEIbHOM OUMCTKY ITOCTYIIA
Ha CTaAuio MOHHOTO 0OMeHa, a KoHIeHTpaT II cTy-
TIeHM BO3BpAIIaIcs Ha I cTymeHb 06paTHOTO ocMoca.
OunuiieHHast 1oc/ie MIOHHOTO 06MeHa Bofa HaKarlIn-
BajlaCh B KOHTPOJbHOI €MKOCTHU J1JIs1 aHaIM3a U 10~
clenytoleii pasrpy3Ku B OKPY>KaIOIIyIo Cpefy.

[ononHuTeNbHOE KOHILIEHTPUPOBaHME KOHIIEH-
Tpata ¢ I cTyrieHu 06paTHOro ocMoca Jijisi Goblie-
rO COKpallleHNs ero o6beMa MPOBOAUIOCh TAKKe C
ucronb3oBaHueM obpatHoro ocmoca (III cTymens).
O6pasyromuiics IIpy 3TOM IepMeaT HallpaBJIsuIv B
TOJIOBY TIpoliecca — Ha I cTymeHb 06paTHOrO OCMO-
Ca, a KOHI[EHTPAaT — Ha BbIMAPKY.
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Puc. 4. MpunyunuansHas cxema oqucmku XPO Ha ASC Wolf Creek

IIpy ucCrionb30BaHUM 3TOV CXeMbl ITepepaboTKu
JKPO, ¢akTop KOHIIEHTPUPOBAHMS HAa MeMOpaH-
HBIX CTYIIeHsIX nepepaboTku coctaBui oT 10 mo 20
B 3aBMICMMOCTY OT COCTaBa OTXOM0B.

OmnbITHAs yCTAaHOBKA MepepadoTKY TPAITHBIX
BOJ, PaJiIOXMMIYECKOTO IPOU3BOACTBA
Ha OI'VII «I10 «Masik» (Poccus)

B pesynbTaTe paboThl pagMOXMMUUIECKOTO ITPOU3-
BoncTBa OI'VII «I10 «Masik» eXXerogHo o6pasyeTcst
o 100 toic. m* JKPO HMU3KOTO YPOBHSI aKTMBHOCTH.
B Hacrosiliiee BpeMsi OUMCTKA 3TUX OTXOMOB IIPO-
M3BOAUTCSI C MCIIONb30BAaHMEM MOHHOTO OOMeEHa.
CymiecTBymomias cxema nepepaborku JKPO mpuBo-
JIUT, BO-TIEPBBIX, K YBEJIMUEHUIO KOJIMYECTBA COJel
BO BTOPMUHBIX OTXO[aX ITpMMepHO B 2—3 pasa, uTo
B CBOIO ouepelb MPUBOAUT K MPOMOPLIVOHAIBHO-
MYy pocTy o6beMa oTBepskaeHHbIX PAO. Bo-BTOpBIX,
MOHOOOMEHHAsT TEXHOJIOTMS He II03BOJIIET OUM-
IIaTh OTXO/bI OT HEMOHHBIX (POPM PAAVOHYKIMIOB.

Inia cokparieHust 06bemMa BTOPUUYHBIX OTXOA0B U
noBbileHns KauecTBa ouncTku JKPO Ha OI'VII «I10
«Masik» paspaboTaHa MeMOpPaHHO-COPOLVIOHHAS
TEXHOJIOTMSI OYMCTKU XXUAKUX PaJMOAKTUBHBIX OT-
x0noB [40—41]. I;1s1 mpOBEPKU TEXHOJIOTUN B paM-
Kax (emepanbHOIt 1ieneBOii MporpamMmbl «Smep-
Hasg ¥ paguanyoHHas 6e30macHOCTb Poccuy Ha
2008 rop, u Ha repuop o 2015 roma» 6pl1a co3maHa
OTBITHO-TIPOMBIIIJIEHHAS] YCTaHOBKA. TeXHOIOrus
rpenycMaTpuBasa npeaBapuTenbHy0 ounctky JKPO
OT PaIOHYKINIO0B Ha CTaIUM YIbTpapuiIbTpalum u
OCHOBHYIO OUMCTKY Ha JIBYX ITOC/Iel0BaTeIbHBIX CTa-
Iusix o6paTHOro ocmoca. ®uHuIIHAS ouncTka JKPO
OCYIIIECTBJISTACH Ha 6JIOKE MIOHHOTO OOMeHa.

Oco6eHHOCTBIO TIpoIlecca SIBJSIETCS IBYXCTYITE€H-
yaTas yapTpaduibrpais JKPO. 3amaua mepBoii CTy-
MeHN yIbTpaduabTpaly — 06eCIeunuTb CTaOWIb-
HbI#1 I10 06'beMY IIOTOK OCBET/IEHHO BOMIbI Ha CTaIAIO
06paTHOTO OCMOCA, @ BTOPOI — CKOHIIEHTPUPOBATh
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3arpsisHeHNMs B MMHMMAJIbHOM 06beMe. Takoe Tex-
HUYECKOe pelleHye M03BoIsieT 06eceunThb riy6o-
koe (B 200—1000 pas) KOHLEHTpUPOBaHME OCaTKOB
¥ B3BeIIeHHbIX BellecTB. [Ipu aToM 06beM 06pasy-
fouerocs miama cocrasister 0,1—0,5% oT ucxopn-
Horo o6bema JKPO. 3a cuer BbIeleHNs Ha CTaAuMN
yAbTpadUAbTPALMM  PAOVOHYKIMUIOB 1Ie3Us Ha
MocaenyIole CTYIeHU OUYMCTKU TOCTYIAIOT Tpe-
MMYIIECTBEHHO GeTa-u3IyJvaonye HYKINIbI, YTO
obecrieunBaeT CHVSKEHME AO030BOI HArpysku Ha
repcoHal.

KoHieHTpaT 06paTHOTO ocMoca I cTyreHu mocTy-
raeT JIjIs1 JOTIOJHUTENLHOTO COKpalleHus oobema
B 670K obparHOro ocmoca III crynenn. O6pasyo-
muiicst Ha Il cTymeHu obpaTHOro ocmoca mepmear
HalpaBJsgeTcs B rojioBy Ipoliecca — Ha [ cTyrneHb
06paTHOTO OCMOCA, a KOHIIEHTPAT — Ha BBIMIAPKY.
3a cueT ABYXCTYIEHYATOrO OOPATHOOCMOTHYEC-
Koro KoHieHTpupoBauusi JKPO 06beM KUIKUX
OTXOZOB, TOCTYIAIONIMX Ha BBIIAPHON OJIOK, CO-
Kpaiiaetcs O0 3—5% OT MCXOOHOTo obbema OT-
X0Z0B. B pe3ynbTaTe mociaenymolilero ynapmuBaHus
KOHIIEHTpaTOB o6paTHOro ocmoca II crymeHu Ha
POTOPHO-TJIEHOYHOM MCIIapuTesie, MOaydaroTCs
KyboBbIe OCTaTKM ¢ MyuHepanu3anuei 120—400 r/n
u BbICOKMM (20—100 r/nm) copepskaHMeM OCaIKOB.
YcTaHOBKA 3KCIUTyaTUPYETCS B OTIBITHOM pesKUMe C
2009 roma. 3a BpeMs OIBITHBIX UCIIBITAHUI TIepe-
pa6otaHo 6oee 110 Toic. M® JKPO.

OmnbITHas yCTAHOBKA OYMCTKU
PagMMOaKTUBHO 3arpsa3HEHHbBIX BOJ,
CIIeMa/JIbHBIX ITPOMBINIVIEHHBIX BOJOEMOB
OI'VII «ITO «Masik» (Poccus)

B mporiecce BbImosnHeHust focymapcTBeHHOI 060-
POHHOII ITporpaMmbl B iepuon, 50—60 rr. XX Beka
Ha [0 «Masik» GbUIa CO3[aHA TMAPOTEXHMYECKAS
cucremMa, KOTopas Iojiyymiia Ha3BaHue TeueHCKO-
ro kackaza sogoeMoB (TKB). B HacTosuiee BpemMs
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Bak dunsTpata

Bak mowwery pacTeopa

Bak huneTpaTa
NEPEOR CTYMNEHK
0BpaTHOrD oCMoCa

Puc. 5. YemaHoska oyucmku 0ebanaHcHbix 800 TKB

B BoJloeMax Kackaja riomaapio 70 KM? HAKOTIEHO
6osee 320 MytH M® BOJIbI, 3arpsI3HEHHOI TeXHOTEH-
HBIMM PagMOHYKIMAaMu. Ha MpOTSsKeHUM TToC/Ien-
HuX JieT skciuryatauyy TKB Ha ¢oHe Ce30HHBIX
Konebanuit copMupoBasach TEHAEHIMSI K POCTY
YPOBHSI BOJbI B KOHEYHOM BojoeMe Kackama. Oc-
HOBHOWM MPUUYMHON 3TOTO SIBJISIETCSI M3MEHEeHMe
MeTeOpOJIOTMYECKMX YCJIIOBUI B palioHe pacIioyno-
SKEHWST TIPEIITPUSITHS.

Iyist ycTpaHeHMsT YyTPO3bl MepernoyHeHus KacKa-
Ia 1 obecrieueHus ero 6e30MacHO SKCIUTyaTaluN,
Ha MpeanpusiTuu ObII paspaboTaH KOMIUIEKC Me-
POTIPpUSITUIL, OOHUM M3 HAMpaBJIeHU KOTOPOTO
ObLy1a pa3paboTKa TEXHOIOTUM OUMCTKY AebanaHc-
ubIx Bog TKB. B pesynbraTte 6b1a paspaboTaHa u
JCIIbITaHA YCTAHOBKA Ha 0asze MeMOpaHHBIX TeX-
HOJIOTUI4, KOTOpasi TT03BOJIMJIA ITOYUUTh OUMIIEH-
HYI0 BOJly INTbeBOTO KauecTsa [42, 43].

TexXHOOTYST BKITIOUAET MOCTIeIOBATEbHYIO OUMCT-
Ky BOABI yabTpaduibTpayeit M gByMs CTYIIeHIMU
obpaTHOro ocmoca. IIpMHUMIIMATIbHOE OTINYNe
IaHHOM CXeMbl OT TPAAMIIMOHHBIX peIlleHui 3a-
KJTIOYaeTCs B TOM, UTO OHA OPMEHTMPOBAaHA HA MU-
HUMM3AIMI0 KOJIMYEeCTBA BTOPUYHBIX OTXOZOB. JTO
JocruraeTcs Tem, 4yto Boga TKB nupkynupyer uepes
YCTaHOBKY ¥ BO3BpalllaeTcsl B BOAOEM, a OUMIIeHHAsT
BOZIA OTBOIMUTCS U3 YCTAHOBKM B OTKPBITYIO TUMAPO-
rpauUeCcKyio CEeTh

VcraHoOBKa Oblla CKOHCTPYMPOBaHA B MOGUIBHOM
MOJIyJIbHOM MCIIOTHEeHUM (pUC. 5) U pa3Melnanach

PaduoakmueHeie omxo0osi Ne 1 (2), 2018

B IBYX CTAHZAPTHbBIX KOHTEHEPax: B OMHOM — T€X-
HOJIOTMYeCKOoe 000pyI0BaHME U CUCTEMA yIIpaBiie-
HMS, @ B IPYTOM — €MKOCTHOE 000pymoBaHue.

Takoe TeXHMYECKOe pelleHye I03BONIWIO pac-
TOJIOKUTh YCTAaHOBKY HEIOCPEeACTBEHHO Ha Ge-
pery BojoeMa, YIaJeHHOTO OT IPeNNnpusITUS Ha
paccrostHuy 30 KM, a aBTOMAaTU3aIUs TPOIECCOB
MO3BOJIMIA 3KCIUTYaTUPOBATh YCTAHOBKY B aBTO-
HOMHOM peXyuMe 0e3 MOCTOSTHHOTO MPUCYTCTBUS
repcoHasna.

3aKk/IoueHue

[Tporpecc B 061acTy MeMOPaHHbIX U LIUPPOBBIX
TEXHOJIOTUI JefaeT MOCTYITHBIM ¥ 3KOHOMMYe-
¢k 3(pHEeKTUBHBIM UX MCIIOJIb30BAHME B Pa3Iny-
HBIX OTPAC/SX MPOMBINIJIEHHOCTU. B HacTosIee
BpeMs MMEIOTCSI MHOTOUMCAeHHbIe IIPUMEPHI
YCIIENTHOTO TIPYMEeHEeHUsS MeMOpPaHHbIX TeXHOJIO-
I'Mil B COCTaBe KOMILJIEKCHBIX CXEM IepepaboTKu
JKPO Ha aTOMHBIX CTaHLUMSX, SJEPHBIX LIeHTpax
U pagUOXMMMUUECKUX MPOMU3BOACTBAaX. B Poccun
B paMKax demepanabHOIi IeaeBOii IporpaMmbl
«ObecrneueHne SIepHON U paaualMOHHON 6e3-
ormacHocTu Poccum» cosmaeTcss cOBpeMeHHas U
adexTuBHAs cucTtemMa oOpalleHUs C paanoak-
TUBHBIMM OTXOHAMM, IOITOMY IMPAKTUUECKUIT
OITBIT TIPUMMEHEHUSI MeMOpaHHBIX TEXHOJIOTUI
O6ymeT BoCTpebOBaH CIleIMaJNCTaMMU B 006JacTU
o6painenus ¢ PAO.
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EXPERIENCE GAINED IN BARO-MEMBRANE PROCESS APPLICATION
FOR LIQUID RADWASTE TREATMENT

0. M. Slyunchev, P. A. Bobrov, A. S. Akintsev, E. N. Zubrilovskij
FSUE Mayak PA, Ozyorsk, Chelyabinsk region, Russian Federation

Article received 17 January 2018

The article summarizes options of baro-membrane applications for liquid radioactive waste purification. Information is
represented on the features of the hardware and the processes of the complete schemes for liquid radwaste treatment.

Keywords: microfiltration, ultrafiltration, nanofiltration, reverse osmosis, liquid radioactive waste.
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