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[NPUMEHEHNE MOZY/IbHbIX YCTAHOBOK

LA O4YNCTKN PO

APPLICATION OF MODULAR INSTALLATIONS FOR LIQUID RADWASTE TREATMENT

10.B. KAPJINH, d.x.n.
(I'YII MocHIIO «Padon»)

B Ha MHOrUX «MCTOpUYecKuX» MyHKTax XpaHeHus
PaAMoaKTUBHBIX OTXOAOB, K KOTOpbIM B MepBYIO
ouepeab otHocaTcA punmanbl OIYN «PocPAO» (pa-
Hee (neLManu3npoBaHHble KOMOUHATbI CUCTEMDI
«PapioH») 1 GbiBLIME BOEHHble 0OBEKTDI, pa3me-
LLeHbl eMKOCTU BPeMEHHOro XpaHeHUsA TBepabiX U
xuaknx PAO. XKuakune otxoabl Hambonee onacHbl ANA OKpY-
KaloLlen cpefibl, MOCKONbKY B CJlyyae HapyLUEeHUsA LIeNoCTHO-
CTV €MKOCTU BO3HUKAIOT MPOTEYKU, KOTOPbIE MOTYT NPUBECTM
K ObICTPOMY 3arpsA3HEHUI0 3HAUUTEJIbHBIX TEPPUTOPUIA.

Yro6bl CHUBUTD PAAUAINOHHDIE PHCKHU, BOZHUKAIOII[ITE
IIPY XPAHEHUH JKUJKUX PaZMOaKTUBHBIX 0TX070B, JKPO
nozBepraioT nepepaborke. OObIYHO GOJIBINYIO YacTh pa-
JIMOAKTUBHBIX BOJ OYMINAIOT JIO COOTBETCTBUSI HOPMaM
pagmarnonnoii 6esonmacHoct (HPB-99) u coHpachiBaor B
KaHATN3AINI0 WIN APEHAKHYIO CHCTEMY, a 0OpasyloIie-
ca pu atoM Bropuunble PAO KOHAMIIMOHUPYIOT ITyTeM
IEMEHTUPOBAHUSI B  CePTUMUIMPOBAHHBIX YIAKOBKaX.
OzHAKO TeXHMYEeCKUE CPe[CTBA I IIPOBEACHUS TaKUX
paboT Ha [IePEYUCIEHHBIX Bbile 0OBEKTAX OTCYTCTBYIOT.

MOAY/bHbIA KOMIIEKC «9KO0»

g pemenus stoil npobiembr Ha ['YII MocHITIO
«PayioH» cosaH mapK BOJAOOYNCTHBIX MOIYJIEH, 06bemn-
HEHHBIX B BOJOOYMCTHOH KOMIITIEKC «IJKO» IPOU3BO-
JIUTETHHOCTHIO TI0 OYUIIIEHHON BOje 10 2 M®/4, KOTOPBIN
ycrentHo (GyHKIIMOHUPYeT B psne opranmsaruii CeBepo-
3anagnoro u l[learpamproro pernonos Poccumn.

B cocrta koMmIiekca BXOIAT 0 IECATU PA3TUIHBIX MO-
JIyJielt, KaKIbIH 13 KOTOPBIX BBITOJHSET OJIHY OTIpe/ieIeH-
Hy10 (PYHKI[MIO BOJOOUUCTKH. B ux uncie:

— MOJyJib PasMbiBa, 3a60pa ¥ CryIeHUs 1JIaMOB U3
€MKOCTeH-XpaHUJIUIIL PAJIMOAKTUBHBIX OTXO/IOB;

Y.V. KARLIN, Doctor of Chemical Science
(SUE SIA Radon)

® Many of the "legacy" radwaste storage sites,
which primarily include the sites operated by
FSUE RosRAO (formerly the specialised sites of
the Radon network) and the former military
sites, accommodate tanks for temporary stor-
age of solid and liquid radioactive waste. Liquid
waste is the most dangerous for the environment, as
should their vessels be breached, leaks will occur that
may cause rapid contamination of large land areas.

In order to reduce the radiation risks associated with
the storage of liquid radioactive waste, the waste is treated.
Usually, most of the radioactive waters are processed so that
their content meets the requirements of the radiation safety
codes (NRB-99) and are discharged into sewers or drain-
age systems, and the secondary waste generated from the
treatment process is conditioned by cementation in certi-
fied packages. The sites mentioned above, however, lack the
technical facilities for the performance of those activities.

"ECO" MODULAR INSTALLATION

For this problem to be addressed, Radon Moscow has
built a set of water treatment modules combined into the
"Eco" modular processing plant, which has the capacity
of up to 2 m? of treated water an hour, and has been suc-
cessfully used on many sites in the Central European
and North-Western regions of Russia.

The plant may include up to ten different modules,
each performing a particular function of treatment.
These include:

— a module for washing, retrieval and thickening of
sludge from the radwaste storage tanks;

— two filtration modules;

— a micro-filtration module;

= B 2002-2008 rogax Mem6paHHO-COPOLIMOHHDbIE TexHOoNornMn «AKBa-JKcnpecc» n «RO-TexHonorna» 6binn
peann3oBaHbl B MOAYJ/IbHbIX yCTaHOBKaX YeTbipex TUMoB.

HebonbLune ycTaHOBKM «AKBa-DKCNpecc» B pamkax npoektoB MATATS 6bliv MOCTaBAEHbI B UCCef0BaTENbCKIME LiEH-
Tpbl banrnagew, Cupun, MpaHa n Cepbun, B pamkax npoekta MuHuctepctsa sHepretuku CLLUA — B Y36eKncTaH, B paMmkax
OKa3aHuA MOMOLLWN pPerMoHasibHbIM CreLrann3rpoBaHHbIM KoMOHaTam — Ha PoctoBckunin dunmvan OIYM «PocPAO». Ha
Oryn «MI «3sespgouka» (CeBepOABUHCK) YCUIUAMM HECKONBbKNX OPraHM3aLWi NOA HayuYHbIM Y TEXHOSIOTMYECKUM PY-
KoBOACTBOM coTpyAHMKOB MocHIO «PagoH» 6bina co3paHa MogynbHasA yCTaHOBKa «9K0-3M». MoaynbHas ycTaHOBKa
«[lyHar» 6bina nocTaBneHa AnAa OUNCTKN PagNoaKTUBHBIX BOA, 00pa3yoLMXCA NPY BbIBOAE U3 SKCMyaTaLmm NepBbix ve-
Tbipex peaktopos BB3P-440 ASC «Ko3nogayi» (bonrapus); 3nech Takxe 6blIo 3a4eNCTBOBAaHO HECKONBbKO OpraHu3aLmii,
MocHTIO «PagoH» obecneunBan HayuHoe 1 TEXHOMOrMYeckoe conpoBoXKaeHne pabot. Ha MY MocHIMO «PapgoH» ana
BbINOJIHEHNA PAbOT B APYrX OpraHn3aLmax NCMob3yeTcAa MOAYNbHasA YCTaHOBKa «JKO».
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Puc. 1. MpuHumnmanbHasa cxema nepepaboTku KPO
Fig. 1. Liquid radwaste treatment process diagram
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an ultra-filtration module;

a reverse osmosis module;

a reagent ion-exchange softening module;
a module for drying of liquid radioac-
tive waste;

— container filters with non-organic sorb-
ents for ¥#137Cs and *Sr (or ?*Ra);

— a module for cementation of secondary
radwaste (in any package).

The general process diagram of the plant is
shown on figure 1. For retrieval of radioactive
waste, a pump is used; then the waste is fed
directly to the series of treatment installations
(modules). Sludge and sediments from the
near-bottom section of the tank are pumped
out by means of a special device, and then sent
to the sludge and sediments processing mod-
ule. There, the waste flow is separated into
two parts: the thickened pump that is fed di-
rectly to solidification and conditioning, and
the clarified radioactive water, which is sent
to the series of treatment modules. The spe-
cific composition of the cascade of treatment

Ucxoauvie JKPO/Initial liquid radwaste

— MOJYJIb 0OPaTHOTO OCMOCA;

— MOJIyJTh PeareHTHO-MOHOOOMEHHO-
IO YMSATYEHWST;

— MOAYJb CYIIKN KUIKUX PaTNOaK-

TUBHBIX OTXO/IOB;

— (UIABTPBI-KOHTEIHEPHI ¢ Heopra-
HUyecknuMu copberramu auasa 41%7Cs u
90Sr (nsnm ?*°Ra);

— MOZIYJIb IeMeHTUPOBAHNS BTOPUY-
Herx PAO (B /11060ii yriakoBKe).

OO6masg TpUHIMIHAIbHAS TEXHO-
norudeckas cxema nepepaborku KPO
nokasana Ha pucyHke 1. [lma zaGopa
PAJMOAKTUBHBIX BOJ[ UCIIOJIb3YETCST Ha-
coc, JKPO monatorcsd cpady Ha Kackaj
BOJIOOYUCTHBIX YCTAHOBOK (MOJAYJIEIt).
IIlrambl 1 ocaikKM U3 TTPUJOHHOM YacTh
€MKOCTH BBIKAUMBAIOTCS C I[OMOIIBIO
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Puc. 2. [1Ba BapraHTa OUNCTKY XUAKNX PAaSNOAKTVBHBIX OTXOLOB
Fig. 2. Two basic options of liquid radwaste treatment process

= |n 2002-2008, the membrane-sorption technologies Aqua Express and RO were implemented on modular

installations of four types.

Sponsored by the IAEA, small Aqua Express plants were supplied to the nuclear research centres in Bangladesh, Syria,
Iran and Serbia, sponsored by the US DoE - to Uzbekistan, and to the Rostov subsidiary of RosRAO under the regional
support programme. Under a project that involved a number of organisations and was carried out under the scientific
and technical management of Radon Moscow, FSUE Zvezdochka in Severodvinsk received the Eco-3M modular instal-
lation. The Dunai modular plant was supplied to treat the radioactive effluents from the decommissioning of the first
four VVER-440 reactors at Kozloduy in Bulgaria; this project also included participation from a number of organisations,
with Radon Moscow providing scientific and technical support. Radon Moscow uses its Eco modular installation for the

performance of work on outside sites.
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Puic. 3. BogoouncTHble MOZyNN NMPU OUKCTKE PajuoakTUBHBIX BOJ U3
eMKOCTU TBepAbIX 0TX0A0B bnarosewyeHckoro dunvana Oy «PocPAO»
Fig. 3. Water treatment modules as used for processing of radioactive water
from the solid radwaste storage tank RosRAQ in Blagoveschensk

CIIENMATHbHOTO YCTPONWCTBA U HATIPABJISIOTCS HA YCTAHOB-
Ky (MozyJih) 3a60pa IaMOB 1 JOHHBIX 0CaAKOB. B aTOM
ciydae TMOTOK OTXOMOB /IEJUTCS HA JIBE YACTU: CTYIIEH-
HYIO ITYJIBITY, KOTOPas cpa3y mojaeTcs Ha OTBEePKAeHNE 1
KOHAWITMOHUPOBaHNE, U OCBETJEHHYIO PAa/IUOAKTUBHYIO
BOJlY, KOTOPYIO HAlpaBJsiOT HAa KAaCKaj BOJAOOYMCTHBIX
ycranoBok (MomyJseit). CocTaB Kackaza BOAOOUYUCTHBIX
YCTaHOBOK (MOYJIet) A KaKI0TO OTAETBbHOTO Caydast
6yaeT UHAUBUAYAJIbHBIM, OJHAKO MOJKHO BbIJIICJIUTH [Ba
OCHOBHBIX BapUaHTa, KOTOPbIE PA3JINYAIOTCA IPUHIUIIN-
aiabHo (puc. 2).

Texnosnoruss <«AkBa-IKCIpecc» HUCIOAb3YeTCs s
OYKCTKHU BOJI ¢ XUMUUECKUM COCTaBOM, OJIM3KUM K TIOBEPX-
HOCTHBIM BOJZIaM, KOT/Ia TIyTeM Mo16opa cOpOEHTOB MOKHO
n36MpaTETbHO OTAETUTh PAAUOHYKIHUIBI OT Hepaguoak-
TUBHBIX coJieil. DunuiHas cTajgns 3TONH TEXHOJOTUU —
yABTpadUABTPAINsg — 3aJePKUBAET BCe HEPACTBOPIMBIE
MpUMecH M KOJIJIOUIBI, HO MPOITYCKAeT PACTBOPEHHBIE He-
paAnOaKTUBHBIE COJIM, YTO 3HAYUTEJDbHO CHUKAET O6'beM
BTOpIYHBIX PAO.

B «RO-TexHOIOrMM» MCMOMB3YETCA Tpolece oOpar-
HOTO 0CMOCA, TIPU KOTOPOM MeMOPAHBI 3a/I€P/KUBAIOT JI0-
6b1e mpumecn. Takum crroco6om MoKHO ounctuth JKPO
JM000ro XUMUYECKOTO COCTaBa, HO 3TO TpebyeT GoJiblieit
CTeleHy KOHIEHTPUPOBAHUS OTXOMOB (HANpUMep, IIpu
MTOMOIIU BBITAPKU WJU CYIIKM) JIJIsI CHUMKEHUS obbeMa
BTOpuYHbIX PAO.

BE3AKTUBALNA XKPO B I'YBE AHAPEEBA

MonysibHOE YCTPOWCTBO YCTAHOBKHM <«JKO» II03BO-
JISeT JIETKO W3MEHSITh TEXHOJOTMYECKYI0 CXeMy Tepe-
paboOTKM PaJMOaKTUBHBIX BOJA W HCIIOJb30BATh MOYJN
OJIHOBPEMEHHO Ha pa3nJHBIX oObekTax. Hampuwmep, B
2007-2008 romax dYacTh MOayJiell YCTAaHOBKU HaXO/M-
snck Ha Dumaroserienckom dummanre DTYIT «PocPAO»
(Pecniybmika Bamkoprocran, puc. 3-4), apyras 4acTh
MopyJieit yJacTBoBama B paboTax TO peabuInTaIinm
«UCTOPUYECKOTO» XPAHWJIMINA PAAMOAKTUBHBIX OTXO/0B
«Mwuponosaropas (I10O «Cesmariy, CeBepOBUHCK, PUC. 5).
Kpome Toro, HeCKOJIbKO MOy el ObLIH 3a/1efiCTBOBAHbI B
JIe3aKTUBAIIUU PAJIMOAKTUBHBIX BOJ B rybe Anzpeesa (du-
sman Nel OTYIT «CesPAO»).

B paGorax 110 OUMCTKe KUIKUX PAJNOaKTUBHBIX BOJ B
rybe AHzapeea ObLIO HECKOJABKO ocoberHocTeil. [asHast
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modules is chosen on an individual basis for every treat-
ment project, but there are two basic options, which have
some principal differences (fig. 2).

The Aqua-Express technology is used for treatment of
water whose chemical composition is close to surface water,
when through a selection of sorbents, radionuclides can be
separated from non-radioactive salts. The final stage of this
process is ultra-filtration, which traps all non-soluble admix-
tures and colloids, but lets dissolved non-radioactive salts
pass, greatly reducing the amount of secondary radwaste.

The RO-technology uses the reverse osmosis process,
in which membranes trap any admixtures. This can be
used to treat liquid radwaste of any chemical composi-
tion, but demands a higher degree of waste concentra-
tion (for instance, by drying or evaporation) to reduce
the amount of secondary radwaste.

DECONTAMINATION OF LIQUID RADWASTE

IN THE ANDREEV BAY

The fact that the Eco plant is of modular design makes
its process easily adaptable to the specific composition of
radioactive water and use modules on various sites at the
same time. For instance, in 2007-2008, some modules of
the plat were in operation at the Blagoveschensk branch of
RosRAO (in Bashkortostan, fig. 3-4), while other modules
were taking part in the rehabilitation activities at the legacy
radwaste storage site at Mironova Gora (Sevmash site in
Severodvinsk, fig. 5). In addition, several modules were de-
ployed at the Andreev Bay for the purposes of decontamina-
tion of radioactive water there (SevRAQ branch No. 1).

The liquid radwaste treatment activities at the Andreev
Bay had certain specifics. One major difficulty was that for
the first time since 1984, specialists of Radon Moscow were
facing the task of cleaning a storage tank out completely,
both water and bottom sediments, as the tank had to be
dismantled thereafter. The situation was further compli-
cated by the fact that the site lies within a closed area with
strict access limitations. Hence, significant challenges were
experienced with the changing of the plant's make-up and
delivery of additional equipment extra to the set that was
originally introduced in the autumn of 2007. More tra-
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Puic. 4. Mogynb LleMeHTMPOBaHNA NPU OTBEPKAEHUN TPUTUEBbIX BOA 113
eMKOCTU TBepAblX 0TXoA0B bnaroseweHckoro punvana Oryr «PocPAO»
Fig. 4. Cementation module as used for solidification of tritium-containing
water from the solid radwaste storage tank RosRAQO in Blagoveschensk

ENVIRONMENTAL SAFETY

9N



TEXHONOTUW: OBPALLEHNE C PAO

Obla CBsI3aHa C TEM, 4YTO
BriepBoie ¢ 1984 rona mis co-
tpyauukos ['YII MocHITO
«Pamon» Bo3HWKITA HEOO-
XOAMMOCTD TOJIHOW OYHMCT-
KM €MKOCTH, KaK OT BOJIbI,
TAK M OT JIOHHBIX OTJIOXKe-
HIM, TTOTOMY YTO BIIOCTEN-
CTBUU €MKOCTb-XPaHUJINIIE
moJIeskaa JIEMOHTAXY.
OCJOXHSIO CUTYAIUIO TO,
YTO 0OBEKT HAXOMUJICS B 3a-
KPBITOM TE€PPUTOPUATIHHOM
OKPYTE CO CTPOTUM IPOITYCK-
HBIM PEKUMOM. ITO 06y CII0-
BUJIO GOJIBINIHE TPYAHOCTH
C U3MEHEHUEM WJHU JOMOJI-
HEHWEM cocTaBa 060pyIo-
BaHWs, BBE3EHHOTO OCEHBIO
2007 roma. CyrmiecTBoBaIN 1
TPAAUIIHOHHBIE TTPOOJIEMBI,
CBsI3AHHbBIE C COTIACOBAHIEM
HaMeJeHHbIX paboT ¢ Hai-
30pPHBIMU OpPTaHAMHU, TAKIMHU
kak OMDBA, Pocrexunaazop,
HAJ30PHBIMU opranamMu Mu-
HUCTEPCTBA 0OOPOHBI.

[TockobKy Ha MOMEHT Hauasa paboT GoJIbIIas YacTh
060Py/IOBaHNS YCTAHOBKU «JKO» HAXOJMJIACh HA IPYTHX
oObeKTax, U Je3aKTUBAIMKM OTXOA0B OblIa HMCIOJIb30-
Bana «RO-texHosorus». [l ynporieHus: yrnpaBieHUs
YCTAaHOBKOW Pa/iIMOAKTUBHBIE BOJBI KOHIEHTPHPOBATIU
HETMOCPE/ICTBEHHO B €MKOCTH (ITOMOTJIO TO, UTO COJIECO-
JlepsKaHie MCXOMHON BOBI OBLIO KpaiiHe HU3KNUM, MEHEe
0,2 r/m). Pazymeertcs, Mo Mepe TIPOXOXKIEHUS TTpoTiecca B
BOJIE KOHI[EHTPUPOBAJIKCH BCE TPUMECH, COJIM U B3BeIlIeH-
Hble BentecTBa. [loceaHne HeCKOJIbKO KyGOMETPOB BOJIbI,
KOTOpPbIe ObLIM OTKAYeHbI ¢ JABEHAALATUMETPOBON IiyOu-
HbI B HeGOJIBIILYIO0 €MKOCTb Ha MOBEPXHOCTU paboueil 1110~
HA/[KH, [PEACTABISLIN COO0N 0YeHb MY THBII PaJOaKTUB-
HBIM pacTBOP ¢ cosecosepskanueM okono 10 r/m. Jonnsie
ocagku ObUIM yJaneHbl U3 eMKOCTH BPYYHYIO, IPH 9TOM
corpyaaukn «PagoHa» pabGotaiu B criennabHbIX 3alluT-
HBIX KOCTIOMaX.

Jlist MakCUMaJIbHOTO YMEHBIIEHUsT 00beMa BTOPUY-
HBIX OTXO/0B OBIJIO MPUHATO PEllleHne KOHIEHTPUPOBATH
PacTBOP B TOBEPXHOCTHOI eMKOCTH, HACKOJIBKO TIO3BOJISIT
BO3MOKHOCTH 060PY/IOBAHHSI.

B pesyibrate paboT 00bheM JKUAKUX PAIHMOAKTHBHBIX
0TX0/10B ObLT cokpariie 6osree uem B 100 pas. Ilosyduenubie
KOHIIEHTPAThI, 3alleMeHTupoBanipie B 1T 200-i1utpo-
BBIX METATNIECKUX GOUKAX, U (QPUIBTP-KOHTEHHED € COP-
GerroMm (GeppolUaHuIHOTO THUlla ObLIM HAIPABJIEHbI HA
JIOJITOBPEMEHHOE XPaHeHHe.

*¥¥

Xouercss HaAesaTbCs, YTO IOZOOHBIE BbIE3AHbIE Pabo-
ThI OyYT MPOJOJIKATHCA U B OyAyleM, II0TOMY 4TO 3~
(HEKTUBHOCTD MCIIOAb30BAHUS NEPEABUKHBIX MOLYIbHBIX
YCTaHOBOK €KETOAHO JOKA3bIBAETC Ha MPAKTUKE HA MPO-
TAKeHUU MHOTHX JIeT.
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Puc. 5. YcTaHoBKa «3Ko» B xpaHunuie «MupoHosa ropa» (Oryr «Ceemalu», CeBepofBUNHCK)
Fig. 5. Eco plant at the Mironova Mountain storage site (Sevmash, Severodvinsk)

ditional problems also existed associated with obtaining
the approval of the activities by the regulatory authori-
ties, such as the Federal Agency for Medicine and Biology,
Rostechnadzor and the military authorities.

As at the time of start of the project, most of the Eco
modules were in use on other sites, the RO-technology
was applied to decontaminate the waste. To simplify con-
trol of the plant, radioactive waters were concentrated
directly inside the storage tank (assisted by the fact that
the original water content was very low, less than 0.2 g/1).
Naturally, during the concentration process all admixtures,
salts and suspended particles in the water concentrated.
The final few cubic metres of water that were pumped out
from the depth of 12 metres into a small tank on the sur-
face of the site, were in fact an extremely muddy radioac-
tive brine with the salt content about 10 g/I. The bottom
sediments were collected from the tank by hand, with the
Radon employees performing this operation wearing spe-
cial protection gear.

In order to maximise the reduction of secondary rad-
waste it was decided to perform concentration of the
brine in the surface tank, as far as capabilities of the
equipment permitted.

As a result of the work, the amount of radioactive
waste was reduced more than 100-fold. The concen-
trates, cemented in five 200-litre metallic drums, as well
as the container filter with ferrocyanide sorbent were
sent to long-term storage.

*¥¥%

We would like to hope that such "guest visit" treatment
projects will continue, as effectiveness of mobile modular in-
stallations has repeatedly proved in practice over a number
of years.
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