HAYYHO-TEXHUYEC UE WU
HOPMATUBHO-TNPABOBDIE
NMPOBJIEMbI CO34AHNA CUCTEMDI
OBPALLEHVA CO C/NIABOA TUBHbLIMW
OTXOAAMMU B CEBEPO-3AINAQHOM
PETMOHE POCCMNA

B./1.Bbicouykuin, UBPAD PAH

LlenecoobpasHocTb BBEOEHUA KaTeropmm OYeHb HU3KO-
aKTUBHbIX OTXOA0B 060CHOBaHa 1 Haluna npakTu4eckoe npu-
MeHeHMe Ha obbeKkTax AfnepHON sHepreTUkM Bo dpaHuuu,
BenukobputaHun, Weeunn, UTanum, ogHako He NpuHATa B
CWA, benbrua, ®uHnaHonn, N'epmaHun. B Poccnmn nepsas
nonbITKa BblAeNeHWA NofobHom kaTeropmm bbina caenaHa
npu noarotoBke OCIMNOPB-99 [1]. K cnegytowemy 3tany Mox-
HO OTHeCTM pe3ynbTaTbl POCCUNCKO-HOPBEXCKO-LIBEACKMX
nccnegoBaHUM, KOTopble paccmaTtpuBanuce Ha K3T B r. CTok-
ronbme 26-27 anpenaA 2006 r. Tam 6bi10 OTMEYEHO, YTO
BBefdeHue B Poccum no npumepy HEKOTOPbIX €BPOMENCKMX
CTpaH OOMONHUTENBHOW KaTeropmm 0TX0A0B — O4eHb HN3KO-
akTuBHbIX oTxonos (OHAO) — 6yneT conelicTBoBaTh 3cphek-
TUBHOMY M 5KOHOMUYHOMY obpalleHuio ¢ 6onbWMUN 06be-
Mamm PAO, ocobeHHO obpasytowmxca Ha paamaLlMoHHO-3ar-
pA3HEHHbIX 06bekTax TMNa rybbl AHaopeesa v n. Fpemuxa. B
HacTosAlee BpeMA pe3ynbTaTbl 3TUX UCCNEeAOBaHW BHeaApe-
Hbl B rUurneHm4eckme TpeboBaHUA No obpaLleHnio C MPOMBbILL-
neHHbIMU oTxogamMmm Ha OIYIM «CeBPAO» [2].

PewweHre npobnemsbl yTunmsaumm n peabunutaumm 6bis-
WKX AOEPHO- U paaMaLMOHHO-0MacHbIX 06bekTOB BM® B
CeBepo-3anagHoOM pervoHe Poccmn, HECOMHEHHO, TpebyeT
YyeTkon knaccudgomkaumm PAO, KOHKpeTU3aUmMmn BCEX 3TarnoB
obpalleHns ¢ NPOMbILIEHHbIMW OTXOAaMM U YCIIOBUIA OCBO-
60XaOeHnA MaTepuranos, cofepXalunx HesHaYnTenbHoe Ko-
NNYEeCTBO PaONOaKTUBHbIX BELECTB, OT PErynpytoLlero KoH-
TponA. CnegyeT OTMeTUTb, YTO TBepAble pPaANOaKTUBHbIE
oTtxonbl (TPO) OT yTMnM3aumMm n peabunutaumnm oTHOCATCA K
oTxodaMm ANUTENbHON BbloepXKn 1 copepxat 50-70% '37Cs,
10-20% °°Sr , 5-15% ®Co, 1-5% **Mn, '34Cs. MpakTnyeckn

Be3[e OTCYTCTBYyeT 3HAaYMMOE 3arpA3HeHue o-u3ny4aolm-
MW Hyknvaamu [3,4]. MosTomy, cpaBHMBas pasnnyHble nof-
xofbl obpalueHns ¢ PAO, B NepByto ouepenb crieqyeT opueH-
TMpoBaTbCA Ha '*’Cs, °°Sr 1 yunTbiBaTh BIMAHUE °Co. Mo 06be-
My 00 90% TPO oTtHocaTca k HAO, no 10% coctasnaot CAO
1 He 6onee 1% — BAO. OTxoabl CHATAIOT PaaVoaKTUBHbLIMU,
eCni MUHMMarnbHO 3Ha4YMble YPOBHM yAeNbHOW aKTUBHOC-
1 (M3YA) BXOAALWMX B HAX PagVOHYK/IMAOB MPeBbILIAOT 3Ha-
YyeHus, onpepeneHHble HPB-99. PAO nogpasnensaioT Ha Tpu
kateropuu (tabn. 1, 2 [5]).

OTxonbl, copepXalime TeXHOreHHbIe paanoHyKNuabl C ak-
TUBHOCTbIO MeHee M3YA, OTHOCAT K MPOMBbILLIEHHbIM OTXO-
[aM, YacTb U3 KOTOPbIX BbIBO3AT AS1A OKOHYATESIbHOr O 3aX0-
POHEHUA Ha ropoackue NMosNroHbl (MOWHOCTbL OO3bl C dOO-
HoM MeHee 0,3 MkI'p/y), a opyryio 4acTb XpPaHAT B TeYeHue
ONNTENbHOro BPpeMEHN B KOHTPONMMPYEMbIX YCIOBUAX Ha
cneunanbHbIX Nnolankax (monvMroHax) NpeanpuATUiA. Takown
nopxof He Bcerga obecrneynBaeT 6€30MacHOCTb FOPOACKMX
MONIMIOHOB, TaK KakK Ha UX TEPPUTOPUM MHOrAA nornagaoT
MaTepuarnbl C ypoBHAMU 6oree 0,3 Mkl p/4. AnutensHoe xpa-
HeHMe NPOMbILWEHHbIX OTXOOOB Ha NPeAnpPUATUAX BEAET K
rnepenonHeHuio Nnowanok. B pesynbTate 3T0ro 4acTb U3 HUX
rnomMeLwaT B KOHTenHepbl coBmecTHO ¢ HAO TPO, a nanee
nepenaloT B XpaHWIMLLA U peakTopHble 61oKN yTUnm3u-
pyembix AlJ1. MNpwn Takom noaxofne B coctase HAO moxeT
oka3aTbcA oT 50 0o 60% npoMblIweHHbIX (cnabo nnu nHave
OYeHb HM3KOAKTUBHbIX) OTXOOOB.

MHoOroneTHUM onbIT 06paLleHNs C NPOMbILWNEHHBIMW OT-
xonamu Bo @paHumu, BennkobputaHum n LBeLmm nokasbl-
BaeT, YTO UX MOXHO XPaHUTb B MPUMNOBEPXHOCTHbIX U Ha-

Ta6bnuua 1. MyHUManbHO 3HaYMMble YPOBHM YOeNbHOW aKTMBHOCTY panuoHyknuaos 8 PAO
Table 1. Minimal Significant Specific-Activity Levels of Radionuclides in RW

PaguoHyKkng Mepwnon )Knpgkme otxofbl, TBepAable oTxofAbl,
Radionuclide nonypacnana, net o Kbk/n ' Kbk/kr
Half-Life, year Liquid waste, kBg/l Solid waste, kBg/kg
*Mn 0,9 2 10
%Co 5,3 0,4 10
90Sr 29,1 0,05 100
134Cs 2,1 0,07 10
37Cs 30,0 0,11 10
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The expediency of establishing the category of Very Low-
Level Waste (VLLW) has been justified by now and put into
practice at nuclear facilities in France, the UK, Sweden and
Italy; at the same time the VLLW category is not used in the
USA, Belgium, Finland and Germany. In the Russian
Federation the very first attempt at introducing the VLLW
category was made while developing the Basic Sanitary
Radiation Safety Regulations (OSPORB-99) [1]. At the
following stage joint Russian-Norwegian-Swedish
investigations were conducted which outcomes were
reported at the Contact Expert Group (CEG) Meeting in
Stockholm on April 26-27, 2006. It was stated that the
establishment in the Russian Federation of an additional
radwaste category — Very Low-Level Waste (VLLW), ad
exemplum of several European countries, would contribute
to rational and efficient management of large radwaste
volumes, especially those generated at contaminated sites
such as Andreeva Bay and Gremikha. So far the results of
these investigations have been implemented into hygienic
requirements on industrial waste management at the
Federal State Unitary Enterprise (FSUE) SevRAO [2].

Adequate solution of the problem of decommissioning
and environmental remediation of former nuclear- and

Tabnuua 2. Knaccudprikaumsa pagmoakTVBHbIX OTXOAOB
Table 2. RW Categorization

radiation-hazardous naval sites in Northwest Russia
necessitates a clear categorization of Radioactive Waste
(RW), as well as specification of all management phases
for industrial waste and conditions for exemption of
materials with low concentrations of radioactive
substances from the regulatory control. It will be recalled
that Solid RW (SRW) from decommissioning and
remediation is considered as radwaste of long-term hold-
up and contains the following radionuclides: '¥’Cs - 50-
70%; °°Sr - 10-20%; %°Co - 5-15%; **Mn, 3*Cs - 1-5%. There
is virtually no significant contamination by 6-emitting
nuclides [3, 4]. Thus, while comparing various approaches
to RW management, the attention should be focused
first on *’Cs and °°Sr, the contribution of ®°Co being also
taken into account. By volume, up to 90% SRW are Low-
Level Waste (LLW), up to 10% are Intermediate-Level
Waste (ILW) and 1% at a maximum are High-Level Waste
(HLW). Waste is considered as radwaste when Minimal
Significant Specific-Activity (MSSA) levels of radionuclides
contained therein exceed the values established at the
Russian Radiation Safety Standards (NRB-99). The
following three radwaste categories are distinguished
at present (Tables 1 and 2 [5]).

YaynbHaA akTUBHOCTb, KBK/Kr
Specific activity, kBg/kg

KaTteropua otxonos
RW category
B—y-emitting
radionuclides

B-y-n3ny4yatowmne
panovioHyKnMabl

o-usnyyatolme
panuoHyKNMabI
o-emitting
radionuclides

TpaHcypaHoBble
pamvoHyKNvabI

Transuranics

High-level waste (HLW)

HuskoakTmeHble (HAO) M3YA* - 103 5 <1

Low-level waste (LLW) MSSA* — 103 <10

CpenHeakTuBHble (CAO) 5
. 103-107 102-107 1-10

Intermediate-level waste (ILW)

BbicokoakTuBHble (BAO) - 107 - 107 > 10°

* M3YA ans ®Co, 3*Cs, '*’Cs — 10 kbk/kr, °°Sr — 100 KBk/kr
* MSSA for ¢°Co, '3Cs, *7Cs — 10 kBg/kg, °°Sr — 100 kBa/kg
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Tabnuua 3. [InanasoH yaenbHOM akTUBHOCTU B—y-M3nyYatowmnx pagvioHyKINAOB B MPOMbIWEHHbIX
N HN3KOAKTMBHbIX OTX0AaX, MPUHATBIN AnA Knaccudpukaumm B pasnmyHbIX cTpaHax, KBk/kr

Waste
Orxon! Country Industrial Radioaktive
Exempted from Owner ceases Owner Owner continuous
CrpaHa MpoMbllneHHble PagnoakTusHble regulation*' monitoring*?2 continuous | monitoring. LLW**
BbiBOAATCA Brnapeneu Bnapeneun Bnapeneu monitoring**
n3 ccepsl npekpawaet npoposnxaer npoponxaeTt France - <1 1-100 -
perynmpoBaHua*' KOHTPOJIb*? KOHTpOnb*3 | KOHTponb. HAO** UK 0,4 0,4-4 >4 -104
®paHuna - <1 1-100 - Sweden - <5 5-300 > 300
BenVIKOﬁpVITaHVIﬂ 0'4 0,4_4 >4 —-104 Finland — _ <1 1-103
lWseuna - <5 5-300 > 300 USA - - < 100 10>-10°
DOUHAAHANA - - <1 1-10° Russia
CwaA - - < 100 10=10° -man-caused muclides 0,3 < 0,2 MK38/4*s 1,5-(10-100) 102 -10°
Poccun —-natural radionuclides <15 1,5-10 >10
— TEXHOreHHbIE 0,3 < 0,2 MK3B/u*® 1,5-(10-100) 102 - 103
— npvpoaHble <15 1,5-10 >10 *1 |t may be used without limits.

*1
*2
*3
*4

BbIBO3AT Ha 0ObIYHbIE UK MyHUUMNanbHble CBaJlkW.
*5

CootBetctByeT ~ 1,5 kbk/kr *’Cs (cm. pnanee tabn. 11).

3eMHbIX XpaHUNMLLAaX YNPOLEHHbIX KOHCTPYKLIMIA UK Kak B

Mo>HOo HeorpaHnM4eHHO MCNONb30BaTh B XO3ANCTBEHHOWN OeATeNbHOCTH.

MNomewaloT N NepepaioT NMof KOHTPOMb Ha NIMLEH3UPOBaHHYIO MowWankKy.
MomewaloT N nepepaoT Noa KOHTPOSb B NMLEH3MPOBAHHOE XpaHUMMLLE.

MepebIi noaxod (cM. Tabn. 4) MOXHO pacLEHNTb Kak KOH-

Table 3. Specific-activity Limits of Betta and Gamma Emmiters in Industrial and Low Level
Waste Adopted for Classification in Different States, kBqg/kg

*2 |t is removed to general and city dumps.

*31t is placed or transferred under control to the Site having the license.

*4 It is placed or transferred under control to the Site having the license.
*5 It corresponds to ~ 1,5 kBg/kg 137Cs (see Table 11).

MorunsHUK 04eHb HU3KO-aKTUBHLIX PAQ Toncras NoNASTNEHOBaA TeHKa [lpera

CLWA mn30onmpoBaTh B TPaHLWEAX B CNEUMANIbHO OTBEAEHHbIX  KPETHbI 1 obwuii, BTopor (cM. Tabn. 5) — kak YacTHbIN. Mpwn KOHUNTYANGHLI NPOSKT Thlckpolyethylrelglm Drainage ["#a
mMecTtax (tabn. 3[6], puc. 1 [6-9]). M3MeHeHWM PaanoHYKIMAHOrO COCTaBa BEPXHUI MOPOr BBe- CeveHue A4eHKN MOTUNbHWKE Sand

[lepH ¢ Tpasoit

CylwecTByeT HECKOMNbKO MPaKTUYeCKUX MNOAXOAOB pele-  AeHHon kaTteropuyt OHAO Mo yaenbHON B-aKTUBHOCTY He By- e e gg?nn;m%::: MelwKax
HVs NPOBIEMbI, KOTOPbIE MOTYT CIIYXWTb MPOTOTUMNAMM AN AET NMOCTOAHHbIM. OQHOBPEMEHHO, eANHCTBEHHBbI MPaKTU- 1| Monitoring shaft FOsmdion
poccninckmx o6bekToB. OOMH U3 TaKUX BAPMAHTOB yXe Ha-  YecKnil KpUTeprin COPTUPOBKM OTXOAOB — MOLUHOCTb 003bI Ha Mewmbpana SRW in containers
wen cBoe oTpaxeHue. Hanpumep, B NBX B rybe AHopeeBa  pacctoAaHumM 0,1 M — Takxe 6yneT nepeMeHHOW BENIMYNHON, Bpeuemmena

W3 HbIX 0B

npennaratot [6] cnaboakTmBHble oTxoabl (CNAO), aHanorny-
Hble OHAO (nanee no Tekcty CnAO/OHAOQ), nsonmposaTb B
XpaHunuile, nogobHoM m3obpaxeHHoMy Ha puc. 1,6. 3To
XpaHunuie 6ynet TpeboBaTb KOHTPOSA 1 dKCMNyaTaunm Ha
BCEM 3Tarne XW3HEeHHOro LUMKMa, BKIoYas 1 BbIBOA N3 IKCM-
nyaTaumm, Tak Kak HOMKHO obecneyunTs 6e3onacHoe xpaHe-
Hue oTxonoB B TeyeHue 300 neT, noka akTMBHOCTbL co 100
KBKk/kr He noHm3uTca no 0,3 Kbk/kr. B cootBeTcTBUKM € 1.9.1 [2]
«Bpems xun3Hu nonmroHa 3axopoHeHns OHAO [oMXHO 6bITh
paccynTaHo Ha nepurop, No NCTEYEHUN KOTOPOTrO 3aXOPOHe-
HVe He ByneT NpeacTaBnATbL paaMaLUNoOHHO onacHocTv (Mpwu-
MepHo 10 nepuonoBs nonypacnaga onpegensiolwero paguo-
HyKnnMpoa)».

HecmoTps Ha To 4To cnocob xpaHeHWA/M3onAUUM npeq-
NOXeH, MO pagMauVoHHBIM NMapamMeTpam, XapakTepusyio-
WM 3TW OTXOfbl, OKOHYATENbBHOIO PELIEHNA elle He Bblpa-
60TaHo. B [6] B UHTepecax knaccndmkaumm npegycmaTtpu-
BaloT He Tonbko BBeCcTU KaTeropuio CnAO, HO U U3MEHUTb
rpaHnUbl yoenbHOW akTUBHOCTU Mexay Humun u HAO, a Tak-
xe mexay HAO n CAO Ha Benn4mHy, B HECKONbKO AECATKOB
pa3 605bLyI0 MO CPAaBHEHUIO C CYLECTBYOWMUMMN YPOBHAMM
(Tabn.4).

B T0 Xe BpemsA [2] KpuTepumn 3aTparneaioT TONIbKO Mpo-
MblwneHHble oTxoabl OI'YMN «CeBPAO» n opneHTUPOBaHbI
Ha OorpaHNYeHHbI PanoOHYKIMAHbIN cocTaB. Mpu 3Tom npen-
naraetca noHatue CnAO 3ameHUTb noHATMeM OHAO
(Ta6n.5)
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TaK KaK OH CTAHOBUTCA 3aBUCALLMM OT HECKONbKMUX MapamMeT-
pPOB, KOTOpPble HEBO3MOXHO KOPPEKTUPOBATb U COOTBET-
CTBEHHO KOHTPONMPOBAaTh B MpoLiecce COPTUPOBKM OTXOOOB.
Kpome Toro, kak 6yaeT nokasaHo HUXe, NpUBedeHHbIN ana-
nasoH mouwHoctn 0o3bi 0,1-1,0 Mk3B/4 He aneKkBaTeH aKTUB-
Hoctn 0,3 —12 KBK/Kr B nepByio o4yepeab N0 HMUXKHEMY YPOB-
Hio 0,3 KBk/Kr.

BeeneHune kateropun CnAO/OHAO B pervone. Llene-
c006pa3HOCTb BBEAEHMWA OaHHOW KaTEropummn No KpUTEPUSAM,
npvBeneHHbIM B Tabn. 4, Ha o6beKkTax yTunmMsaumm n peabu-
nuTauum 6bina NnogaepXxaHa nNpu paspabotke CTpaTernyec-
Koro mactep-nnaHa ansA Cesepo-3anana Poccum [4]. OoHako
no psAgy o6bEeKTMBHbIX MPUYNH OLIEHUTb 3P PEKTUBHOCTL ee
npuUMeHeHNA B MacluTabe Bcero permoHa He yaanocb, XoTa
n 6bina paspaboTaHa cTpaTernsa KOMMIEKCHOro nogxona
peweHus npobnembl obpaleHus co scemu PAO B pernoHe
(puc. 2) [4, 10], kOTOpas B CBOEV OCHOBE NMO3BOJIAET MPOMOS-
XXUTb PacCMOTPEHMNE BHOBb BO3HMKAIOLMX BOMPOCOB.

PaspaboTaHHasA egmHaa cuctema obpauweHus ¢ PAO B
CeBepo-3anagHoOM pernoHe npeanonaraeT TPaHCMOPTMPOB-
Ky HAO, CAO 1 BAO co Bcex npeanpuaTuii u o6bekToB B MNOX
Canpa. OcTaBanca oTKpbITbIM BOMpPOC 06 palleHmA C MPOMBbILL-
NeHHbIMM OTXOAaMM, COAepXallMMmM paanoakTUBHbIE Belle-
CTBa, HO He noasexalrMmn 3aXOPOHEHMIO Ha FOPOACKUX MO-
nuroHax. C BBeeHNEM TFMrmeHn4ecknx TpeboBaHnn ans
«CeBPAO» no obpauieHurto c OHAO nonoxeHne U3MeHU0Ch.
Bo3HMKIa HEO6XOOMMOCTbL PacCMOTPEHMA Bomnpoca obpalue-

Y W)

- v

Temporary support wall made
of reinforced-concrete units

Puc. 1. CriocoGbl M30JISIIMK TPOMBIIIIJICHHBIX OTXOI0B: @ — B MopBuiute Bo @paniun; 6 — B Ockapiamue B IlIBeruu;
6 — B Maccauycerce B CIIIA; ¢ — B XoHpopae B CLLIA
Fig. 1. Modes of Industrial Waste Disposal in France (a — Morville), Sweden (b — Oscarshamn) and USA (¢ — Massachusetts,

d — Hanford)
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HMA co CNAO/OHAOQ B pervoHe C y4eTOM MHTEPECOB BCEX
OopraHv3aunm, HeNoCPeaCTBEHHO 3aHMMAIOLWMXCA yTUNns3a-
uven n peabunutaumein. B MypmaHckon obn. NBX B rybe
AHgpeeBa, MNBX B n. 'pemuxa, ®Iryn «Hepna», ®ryn «10
CP3» MO P®, ®I'YMN «Atomdnot» n MNAX Canpa; B ApxaH-
renbckon 06n. ®ryn «3sesgoyka» n ®ryr «Ceemaw». Op-
Hako AnA 060CHOBaHWA ONTMMaNbHOIrO BapuaHTa nocTpoe-
HWA TaKoW cucTeMbl HEO6XOAVMa OLIeHKa M aHanmn3 HeCKOrb-
KMX 0aKTOPOB:

- 3KOHOMMYECKOW BbIroAbl XpaHeHua/mzonauum CnAO/
OHAO B MecTax nx 06pa3oBaHnA KakK anbTepHaTMBbI OTMNPaB-
kn Ha NAX Canpa;

- ycoBU obecneyeHnsa ANNTENbHOrO KOHTPOIMPYEMOro
XpaHeHnA/M30naunm B MecTax NpearnonaraemMoro pasmelle-
HuA xpanvnnw CnAO/OHAO;

- BO3MO>XHOCTM pelleHnA HOPMaTUBHO-NPaBOBbIX U Ha-
YYHO-TEXHUYECKUX NPo6neM, BO3HUKAIOWMNX NPY BBEAEHUN
HOBOW KaTeropuu;

- npevMyLiecTBa obecrneyeHns pagrmaumMoHHon 6esonac-
HOCTV NMepcoHarna n HaceneHns rno CpaBHEHMIO C CyLIeCTBYIO-
LM MONOXEHNEM.

DKoHoMMYecKaa Bbiroga. 3aTpaTbl Ha obpaLlieHue ¢
PAO B pa3nunyHbIX CTPaHax He oanHakoBbl. [inA nocnenyto-
Lero aHanusa BoCnonb3yemMca matepuanamm pabor [6, 11,
12], roe npmBeneHbl 3aTpaThl Ha obpaleHne ¢ HAO B pas-
NNYHBIX CTpaHax (Tabn. 6).

CroMmocTb XpaHeHunA. [Tockonbky BBeOeHue KaTero-
pun CNAO/OHAO npeononaraeTt He MeHee Yyem B 10 pa3s
yMeHblUeHMe PacxofoB Ha CTPOUTENbCTBO XPaHWUMMLL, YeM
ana HAO, 6ynem OpMeHTUPOBATLCA Ha CPEOHIOI0 BEMMUYNHY
330+70 €/m3. BHUTINST, BbINONHUB NpeaBapuTenbHbIe UC-
cnenoBaHua ana NBX AxgpeeBa, nonyyuns cneayoLlyio OLeH-
Ky: | 3Tan (ctpoutenbCTBO XpaHunuiwa Ha 2000 m3) ~ 480 €/m3,
I13tan (4000 m3) ~ 390 €/m3, 11l 3tan (6000 m3) ~ 280 €/M3, uto
B cpeaHem cooTBeTcTBYeT ~ 350 €/M3. C yyeTOM OTMeueH-
HOW TeHAEHUMK, a TakxXe OXunaaemMbix 06beMoB obpaszoBa-
HMA HAO (cM. prc.2) MOXHO OLIEHUTb 3aTpaThkl Ha CTPOU-
TeNbCTBO XPAaHUNLL ANA KaXXAOro M3 y4acTBYIOWNX B yTUMN-
3aumm n peabunutaumm obbekToB pernoHa: ®Iryrn «Atomd-
nort», «10 CP3», «CeBmaw» ~600 €/m3; «3Be3noyka»
~550 €/m3; MBX 'pemunxa, ®IYMN «Hepna» ~500 €/m3; xpa-

Hunuwa N2 162 n «MupoHoBa ropa» ~400 €/m3; NMBX AHape-
eBa ~350 €/m3, MOX Canpa ~330 €/m3. Mpy cOBpEMEHHbIX
TEXHONMOrMAX CTPOUTENbLCTBA IKCMTyaTaLUWNOHHbIE Y PEMOHT-
Hble 3aTpaTbl 6yayT COCTaBNATb OKONO 5 % McxoaHon cTo-
UMOCTU XpaHWUnumLia, NepruoanyHOCTb PEMOHTHO-BOCCTAHO-
BUTENbHbIX PaboT — oauH pas B 50 ner.

CToMMOCTb TPAHCMOPTUPOBKM. 3aTPaTbl Ha TPAaHCMOP-
TUPOBKY MOPCKUM MyTeM MOfyYeHbl C y4eTOM C/1eayloLmx
npeanocbinok. Mo paHHeIM OIYT «ATomMcneuTpaHe», CyTou-
HaA 3KcnnyaTaunaA cynHa, KOToOpoe NnaHMpyeTCA MOCTPOUTb
B paMKaX POCCUNCKO-UTaNbAHCKOro COTpyaHMYecTBa AnA
TpaHcnopTupoBkn OAT n PAO, moxeT coctaBnATb oT 15000
0o 20000 €/cyT. Ero akoHoMUM4Yeckan ckopocTb npumMmepHo 10
y3noB. loctaBka TPO npeanonaraetca B 20-pyTOBbIX KOH-
TenHepax (TpeboBaHue MOX Caripa). Pa3mepbl ABYX rpy3o-
BbIX TPIOMOB MO3BOMAT Pa3MecTUTb 8 MOAOOHbIX KOHTENHe-
POB B OAMH C1on 1 16 KOHTeHepoB B ABa ¢10A. ONbIT TPaHC-
nopTtupoBkn Mmetannnyeckmx HAO ¢ ®I'YIN «Hepna» Ha xe-
Ne3HOAOPOXHbIN TepMUHan r. MypmaHcka ansa oTnpaBky Ha
nepennaeky Ha ®IYIM «3komeT-C» B 20-pyTOBbIX KOHTEN-
Hepax nokasar, YTo B HUX MOXET BbITb C y4eTOM OrpaHuye-
HWI MO Macce nomelleHo oT 5 o 7 m*gaHHOro TMna oTxo-
noB. Mpu MeHbLIen NIOTHOCTM MaTepuana MOXHO pa3Mec-
T1Tb 10-15 M3TPO. 3TO No3BONAET NPUHATbL 3Ha4YeHMe 10+5
M3/KOHTelHep B KayecTBe cpeaHen olueHKU. B pesynbTaTte
CYOHO CMOXEeT NpuHATbL B TptomMbl oT 80 go 160 m3 HAO
mnm CnAO/OHAQO. CooTBeTCTBEHHO CTOMMOCTb NepeBo3-
Ky 6yneTt cocTaBnATb NnpumMepHo 0,6+0,2 €/(m3-muns). Mpun
AOMONHMTENbHOM pa3MelueHnn 20-yToBbIX KOHTENHEPOB
Ha nany6e cToMMOCTb MOXHO NoHM3UTb 0o 0,4-0,5 €/(M3-Mu-
nA). AnAa panbHenwero aHanmsa ¢ y4eToM NOrpy304HO-pas-
rPy304HbIX PabOT NCMONbL3YIOT BEPXHWIA Npeden npuBeaeH-
Hon oueHkn 0,8 €/(M3-mMunA) (B peanbHOCTU TPAHCMOPTU-
poBKa NMPOMBbILIEHHbIX OTXOAOB He TpebyeT NoMeLleHMA NX
B 20-cpyTOBble KOHTEMNHEPbLI U UCMONb30BaHMA CreucynHa.
JocTaTo4yHO rpy30BOro TpaHcnopTa (6apxwu), B pesynbrate
yero ctommocTb noHmsuTca ao 0,1-0,2 €/(m3-muns)).

MpoBeaeHHbIN BbiWe aHanu3 3aTpaT Ha CTPOUTENLCTBO
xpaHunuw ansa CnAO B MecTax Ux o6pa3oBaHMA B Kaye-
CTBE anbTepHaTUBblI TPAHCNOPTUPOBKK oTxodoB Ha MAOX
Carina No03BONWI OLIEHUTb 3KOHOMMYECKYIO Bbiroly pea-

Tabnuua 5. Kpyteprv COpTUPOBKM MPOMBbILWIEHHbIX 0TX000B Ha «CeBPAO» Npu N30TOMHOM

coctaBe 20% °°Sr n 80% '3’Cs [2]

KaTeropwus YoensHas MosepxHocTHO® MoWHOCTL NO3bl Ha paccTosiHuM 0,1 m
0TXOMOB B-akTnsHOCTS, SENRHIEIRIER IS, OT MOBEPXHOCTW YMaKOBKM, MK3B/4Y
KBK/Kr B-yact./(MUH-cm?)
OcBob60OXneHHbIe <03 <50,0 HenpesbllleHne ecTecTBEHHOro paauva-
oTxoabl UMOHHOro choHa, XapakTepHOro Ans
OaHHOW MecTHoCTM, 6onee YeM Ha 0,1
OHAO 0,3-12,0 50,0-500,0 0,1-1,0

an/IMe‘-IaHVIe. I'Ipvl COPTUPOBKE MPOMbIUWIEHHBIX OTXOOOB yAeJIbHYIO aKTUBHOCTb M NMOBEPXHOCTHOE

3arpAasHeHne y4mTbiBalOT OOHOBPEMEHHO.
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Tabnunua 4. MNpeagnaraemasn knaccudukaumsa TPO no [6]
Table 4. Proposed Categorization of SRW [6]

KaTeropvm oTXoaoB
Waste category

YnenbHasA akTUBHOCTb
B-y-pannoHyknmaoB., Kbk/kr
Specific activity of
B-y-radionuclides, kBg/kg

CnaboaktueHble (CNAO) VLLW 0,3-100
HuskoakTmBHble (HAO) LLW 10%-3,7- 10*
CpenHeakTusHble (CAO) ILW 3,7- 104-3,7- 107
BbicokoakTuBHble (BAO) HLW > 3,7- 107

Waste containing man-caused radionuclides with the
activity below MSSA is considered as industrial waste, some
of which is transferred to city dumps for disposal (Exposure
Dose Rate (EDR) together with the radiation background <
0.3 pGy/h), whereas the remaining waste is stored under
monitored conditions at special pads (grounds) of
enterprises for a long period of time. The described approach,
however, does not ensure safe conditions at city dumps in all
cases, for sometimes materials with the levels > 0.3 pGy/h
are found at such dumps. Storage for long of industrial waste
at enterprises leads to overfilling of storage pads.
Consequently, a portion of such waste is placed into
containers together with LLW SRW and next is transferred
to storage facilities or loaded into reactor units of dismantled
nuclear powered submarines (NPS). Thus under such an
approach 50-60% of industrial waste (i.e. VLLW) could be
handled together with LLW.

Many-year experience of industrial waste management
in France, the UK and Sweden demonstrates that such waste
may be either stored within subsurface or above-ground
storages of simplified construction or disposed of in trenches
at special locations (USA) - (Table 3 [6]), Fig. 1 [6-9]).

Thus there are several practical approaches to solution
of the problem under consideration, which may serve as
prototypes for Russian sites, one of them being under
implementation at the Temporary Storage Facility in
Andreeva Bay (TSFA) [6]. There is a proposal on VLLW disposal
at TSFA within a structure similar to that demonstrated in
Fig. 1b. Such a structure would require monitoring and
running during the whole life cycle including the

decommissioning phase to ensure safe storage of waste for
up to 300 years until its activity decreases from 100 kBqg/kg
down to 0.3 kBg/kg (in accordance with [2] Clause 9.1 "The
life cycle of VLLW disposal site is to be calculated for a period
after expiration of which it will not be of radiation hazard
(approximately 10 half-lives of determining radionuclide)").

Nevertheless, though the mode of storage/disposal has
been proposed, there is still no definitive decision on
radiation parameters of this waste. In Ref. [6] not only
introduction of VLLW category into the actual RW-
categorization system is proposed, but also modifications of
specific-activity limits between VLLW & LLW and LLW & ILW
by a value exceeding the actual levels by several tens of
times (Table 4).

At the same time, the criteria of Ref. [2] involve only
industrial waste of FSUE SevRAO and cover a limited
radionuclide composition (Table 5).

The approach demonstrated in Table 4 may be
considered as a general one, whereas that of Table 5 as a
particular approach. In case of radionuclide composition
alteration the upper threshold of new VLLW category would
be variable for specific B-activity. Simultaneously, the only
practical assortment criterion —-EDR at 0.1 m —would be also
a variable value becoming dependent on several non-
correctable and thus incontrollable parameters in the course
of waste assortment. In addition, the given EDR range of
0.1-1.0 pSv/h would not be adequate to the activity of 0.3—
12 kBg/kg — firstly, with respect to the bottom level of 0.3
kBg/kg (see below).

VLLW-category introducing in the region. The

Table 5. Industrial-Waste-Categorization Criteria at SevRAO for Isotope Composition: °°Sr

(20%) and "¥’Cs (80%)

» . Surface
Waste category Specific B-activity, contamination EDR at 0,1 mffrom v;/a/sr’:e—package
kBg/kg B-particle/min- cm? Ll
Waste exempted <03 <500 Does not exceed local natural radiation
from regulation - - background by morethan 0,1
VLLW 0,3-12 50,0-500,0 0,1-1,0

Comment: Specific activity and surface contamination are applied simultaneously and do not

exclude one another.
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nM3auum naHHoro noaxona B MacwTabax pernoHa (tabn.
7-9).

M3 aHanu3a naHHbIX, NpUBEOeHHbIX B Tabn. 7-9, cnenyer,
yTo BBeneHue kateropmm CNAO/OHAO n xpaHeHne/3axopo-
HeHMVe X Ha MecTe 06pa3oBaHNA SIKOHOMUNYECKN BbIFOAHO
ona NAOX Canga v nukeuaaummn xpaHunuw TPO N2162, «Mu-
poHoBa ropa», 3atpaTtHo ana Bcex OI'YMN n NBX MypmaHc-
Ko 06n., HeonpeneneHHo anA ®rYIM «3se3noyka» N «Ces-
Malw» (Bbiroda cornocTaBnuMa cC yuep6bom).

Be3onacHOCTb. DKOHOMUYECKUI NoKa3aTesb He eduH-
CTBEHHbI dpakTop, KOTOPLIN onpenenseT 060CHOBAHHOCTb
NPUHATNA OKOHYaTeNbHOro peweHusa. bonee BaxHbIM AB-
nAeTca Bonpoc obecnevyeHma 6€30MacHOCTU ONUTENBHOMO
XpaHeHus/3axopoHeHna CnAO/OHAO, KoTopbI BKOYaeT
panvaunoHHBIA N 3KONIOTNYECKUIA KOHTPOSb, oM3nYecKyto
3aWNTY 1 3KCMlyaTauuto C BbIMOSHEHNEM Heobxoammoro
obbeMa peMOHTHO-BOCCTAaHOBUTENbHbIX paboT (Tabn. 10).

M3 naHHbIX, NpyBEOeHHbIX B Tabn. 10, BUAHO, YTO MaKCK-
MarnbHbIX CpoK 6e3onacHoro xpaHeHns CnAO/OHAO B Teye-
Hue 100 neT moxeT 6bITb 06ecneyeH Tonbko Ha MOX Canpa.
Ha lMBX AHgpeeBa n MNBX pemuxa B ciyyae npopneHusa
CPOKOB peabuvnutaumnm Nnepuon KOHTPONNPYEMOTro XpaHeHWA
OTXOOOB MOXEeT cocTaBuTb 25 net. MNporHo3vpoBaHue ges-
TenbHocTn ®IYI Ha 50 -100 neT He 060CHOBAHHO B CBA3U C
BO3MOXHOCTbIO VX NepenpounnupoBaHns. B ntore, H1 oomH
06beKT yTUIM3aunm n peabunutaunm B permoHe He MOXeT
obecneunTb 6€30MacHOCTb XpaHEHUA AAHHbIX OTXOAOB B Te-
yeHue 250 ner.

HopmaTtueHas 6a3a. B npoekre 3akoHa «O6palieHme ¢
pannoakTMBHbIMMK oTxooamMu», paspabotaHHom B 2007 T.
UHUNATOMUHGpOPM, yKasaHo, 4YTo npennpuatua obnapa-
10T NPaBOM BpeMeHHOro xpaHeHusa PAO Ha cBOuX TeppuUTo-
puAx cpokom He 6onee 50 net, nanee PAO oTnpaBnsAtoT B
Cneunanmn3npoBaHHYIO OpraHM3auUnio Ha AONrOBpPeMeEHHOe
XpaHeHune B TeyeHmne 50-100 neT ¢ nocnenyiowen nepena-
yeln Ha 0O6bEKTbI OKOHYaTENbHOM U3onAaunn. flaxe rnpu Bee-
AeHun Hosou KaTeropun otxopos CNAO/OHAO c yyeTom
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npenbaBnAeMblx TpeboBaHMI Mo obpalieHnio ¢ OTXonamm
3TOW KaTeropmm nocrie ykasaHHOro Cpoka OHW AOMXHbI ObITb
nepenaHbl COBMECTHO C APYrMMM PaAMOaKTUBHBbIMU OTXO-
AaMu Ha cneuranusnpoBaHHOe npeanpuAaTre. Yto genatb ¢
HAO, CAO, BAO onpeneneHo — OHU AOMXHbI ObITb N30ANPO-
BaHbl B cneuunanbHO OTBefeHHbIX MecTax. [MpoaonxeHune
3KCnnyaTaumm cneumanm3npoBaHHOro NpeanpuATUA B NHTe-
pecax nogpep>xaHua uenoctHoctn xpaHunmw CnAO/OHAO
B TeyeHue 250 neT B UenAX OXuMAaHUA pacnaga TeXHOreH-
HbIX PAaANOHYKNMAOB OO YPOBHA POHa HEPA3YMHO U Helle-
necoobpasHo, Tak Kak Nocsie N30ALUUN OCHOBHbIX TUNMos PAO
npennpuATUE CTaHOBUTCA YObITOYHbIM (pUc. 3).

Hay4Ho-TexHun4eckvie npobnemsl. PacyeTbl, BbIMOMHEH-
Hble B IBPAD PAH ¢ nomoubio nporpammsbl «MicroShield”
[13], no oueHKe MOLWHOCTY 003kl Y-M3/ly4eHWA, KOTOpPasA MO-
>KeT BO3HMKaTb OT KoHTenHepa co CnMAO/OHAO ¢ npoLueHT-
HbIM COOTHOLWEHNEM PaaVoOHYKINAOB, MPUBEAEHHbLIM B
Tabn. 5, ana 0,3 KBK/Kr cBMOETENLCTBYIOT, YTO OHA HE COOT-
BetcTByeT 0,1 MKk3B/4 U HaxoamnTca B npepenax 0,02-0,04
MK3B/4 Npu NnoTHocT MaTepuana 0,5-2,0 r/cv3. MowHocTn
po3bl 0,1 MK3B/4 3KBMBaNeHTHa yaenbHaaA aKTUBHOCTb Mpu-
MepHo 0,9-1,5 kBk/kr. OueHKN, BbINOMHEHHbIe AnA 0606LweH-
HOro pagMoHyKnMAHoro coctaBa TPO, xapakTepHoro anA
06bLEKTOB yTUNM3aLUMK 1 peabunutaumm permoHa, npueene-
Hbl B Tabn. 11. lo3oBasa Harpyska, pekoMmeHagyemas
MATATD (1 m3B/ron), Ans HaceneHna MoXeT BbITb 0OCTUr-
HyTa Npu aKTUBHOCTM 0TXx0do0B okono 1-1,5 KBK/Kr n Haxox-
OeHun YyenoBeka 24 4 B CyTKU B TedeHue ropa (365 oHen)
cpenw HWX, 4YTo He peanbHo. [inA nepcoHana rpynn A v b npu
obpalleHnm c oTxogamm akTMBHOCTbIO 1,5-100 KBK/Kr 0o 6 4/
cyT B Te4yeHue paboyero ropa (250 oHein) nosa obnyyeHnA He
NMPEBbICUT HOPM, YTO Mo dpakTopy 6e30MacHOCTM He TpebyeT
BBeOeHnA 6onee XeCTKNX OrpaHNYeHnn K knaccndomkaumm n
cnocob6am xpaHeHWA MPOMBbIWAEHHbIX OTXOOOB.

AHanus NNOTHOCTU pacrpefeneHnsa 3KBUBaNeHTHOM O03bI
Y-M3Mny4YeHNA Ha MeCTHOCTW, XapaKTepHOW AnA paccmaTpu-
BaeMOro pernoHa, nokasblBaeT, YTO B CJly4ae NpoBeAeHns
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Fig. 2. Integrated Approach to Solution of LLW SRW-Management Problem in the Region (a fragment, K — compacting factor)

expediency of VLLW introduction at decommissioning
facilities and remediation sites using the criteria of Table 4
was supported in the Strategic Master Plan (SMP) for
Northwest Russia [4]. However due to several objective
reasons the efficiency of its application at the regional scale
was not evaluated under the SMP, though a strategy was
developed providing for integrated approach to
management of all radwaste in the region (Fig. 2) [4, 10]
and enabling further consideration of new arising issues.
The developed integrated system for RW management
in Northwest Russia provides for transfer of LLW, ILW and
HLW SRW from all sites and facilities to Saida LSF. However
the issue of managing industrial waste containing
radioactive substances, which are not subject to disposal at
city dumps, remained open. The situation changed after
putting the hygienic requirements on VLLW SRW
management at SevRAO into action. It has become
necessary to address VLLW SRW management in the region
taking into account the interests of all parties involved
directly into decommissioning and remediation activities:
Andreeva Bay TSF; GremikhaTSF ; Nerpa Shipyard;

Poliarninskiy SRZ, Atomflot and Saida LSF in the Mirmansk
region, Zvezdochka Shipyard and Sevmash in the
Arkhangelsk region. To justify an optimal option of such a
system development, both evaluation and analysis of the
following factors are necessary:

- economic benefits of VLLW SRW storage/disposal in
situ as an alternative to its sending to Saida LSF;

- conditions of ensuring long-term monitored storage/
disposal at locations of proposed siting of VLLW SRW storage
facilities;

- possibility of solving regulatory, legal, scientific and
engineering problems arising while establishing the new RW
category; and

- advantages in ensuring radiation safety of workers
and population as compared to the present-day situation.

Economic benefits. The expenses for RW management
in different countries are not the same. Though the spread of
expenses is large, it will undoubtedly decrease after initiation
of large-scale construction. For further analysis the data of
References [6, 11, 12] will be used, which provide the expenses
for LLW SRW management in different countries (Table 6).

Tabnuua 6. OpreHTMPOBOYHbIE 3aTpaThl Ha obpalleHue ¢ HAO TPO B pasnnyHbIX CTpaHax, eBpo
Table 6. Estimated Evaluation Cost for LLW SRW Management in Different Countries, euro

CtpouTenbctBo 1m3 JonroBpeMeHHoe xpaHeHne 1m3
CtpaHa XpaHunmwa Ko“”“”“?;‘ngBaHme Long-term storage (1m?)
Country Construction of 5
storage facility (1m?) Treatment (1m?) 50 net 100 net
50 years 100 years
FepmaHun Germany 4000 2100-5700 10000 20000
Wseuns Sweden 1200 1900-2100 2500 15000
Benvukob6punaHus UK 4000 2100-5700 10000 20000
CWA USA 2600 2100-5700 4500 9000
Poccun Russia 2600 ~6400 7000 14000
CpenHee Average ~3300+700 ~4500+£2000 ~7000+3000 ~13500+6000
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Tabnuya 7. 3atpaTbl Ha xpaHeHne CnNAO/OHAO B mecTax ux o6pasoBaHuA B npenenax
pervoHa B TeueHue 250 net nnm otnpasky Ha MAX Canga, eBpo

Table 7. Expenses for VLLW SRW Storage in Situ in the Region during 250 Years Compared to
Its Shipment to Saida, €

PEMOHTHO-BOCCTAaHOBUTESNbHbLIX PaboT 1 peabunuraumm Tep-
pUTOpPUIA NpUMEHAEeMan B HacToslee BpeMsA OO3NMETPU-
Yyeckan annapaTtypa ¢ HagexHocTblo 0,997 moxeT obecne-
YNTb OTOENIEHME aHOMAJTbHO 3HAaYNMbIX 06Pa30BaAHUN OT Ba-
prauunii poHa, obyCcnoBNEeHHbIX PasfNUYHbIM coaepXaHue
NPUPOAHbLIX PAaaNOHYKINAOB B CKaNbHbIX MOpOAax 1 no4yse
Ha ypoBHe 6onee 0,1 Mk3B/M (puc. 4, Tabn. 12 [14]).

B cnyyae xe NpUHATMA HUXXHEro nopora COpTMPOBKN OT-
x0noB (0c06eHHO 6eTOHHbIX KOHCTPYKLWIA, FPYHTOB) Ha YpOB-
He 0,3 kbk/kr (0,03 MK3B/4) HOCTOBEPHOCTb OTAENEHNA aHO-
ManbHO 3Ha4YMMbIx obpasoBaHuMii He BydeT npesbiwaTh 0,7,
YTO NosneyeT 3a cobot HeE0O6OCHOBAHHOE OTHECEHWE Orpe-
OeNneHHOro KonmyecTBa NpUpoaHbIX BELECTB K UCTOYHUKY
TEXHOreHHOrO 3arpA3HEeHNA N COOTBETCTBEHHO K MOBbILWEH-
HbIM 3aTpaTaM Ha UX XxpaHeHue. 3afavy NOBbIEHNA HaOeX-
HOCTU NAEHTUUKALNN TEXHOFEHHbIX PaAMOHYKINAOB C KOH-

ueHTpauuamm okorno 0,3 Kbk/kr Ha ypoBHe ecTeCcTBEHHOro
doOHa MOXHO peLnTb, HO A 3TOFo He06XxoANMO NepeocHa-
CTUTb AO3UMETPUCTOB N COPTUPOBOYHbIE Y4aCTKUN MOMEBbI-
MU MONynpoOBOAHMNKOBBIMW raMMa-crnekTpomMeTpamMu, CTo-
MMOCTb KOTOPbIX B A€CATKWN pa3 Bbile CTOMMOCTU NCNOMb3Y-
eMOon B HacToslwee BpemMsa annapaTypbl. Kpome Toro, no-
TpebyloTcs pa3paboTka MeToOMK, PYKOBOACTB, AOMOMHU-
TenbHble 3aTpaTbl HA PEMOHT, HOBbIN YPOBEHb TEXHNYECKO-
ro M MeTPONorMyeckoro obecneyeHums.

B uenom, oTmMeyeHHble Bbllle MOBbIWEHHbIE 3aTPaThl C
TOYKU 3pEeHUsA pagraunoHHON 6e30MacHOCTN He 060CHOBAH-
Hbl. ineHTndmKauma OTXOOOB C rogoBbIMU 0O30BbIMU Ha-
rpyskamu 0,3 m3B/rog npoTme pekomeHgyemomn 1 m3s/roam
npuponHon 2,4 m3e/ron [1-5], ocobeHHO ans Takoro ob6bek-
Ta, Kak NMBX AHapeeBa, rae HeT HaceneHua 1 He NnaHupyeT-
CA XO3ANCTBEHHAA OeATeNbHOCTb, He Npuemnema. Cnenyet

Tabnuya 8. dxoHomm4yeckas Bbirona v yuwep6 xpaHeHmsa CIAO/OHAO B mecTax nx
ob6pasoBaHUA Mo CpaBHEHMIO C OTMNPaBKOM Ha XxpaHeHue B MNOX Canpa, eBpo

Oxvaaembiii ObpauweHue ¢ OHAO Ha mecTe Otnpaska . ted VLLW management in situ o
O6beKkT, NpeanpuATHe ise, si pseds : aste
peaP DI , |CTpouTenscTeo SKennyarauns | CymmapHsie HERL Enterprise, site waste volume, | construction of | Running end Total shipment
OTXOHOB, M’ | xpanunuw ] [PELLIELET 3aTparel Caitna m? storage facilities|FePair of storage| eypenses | LSF «Saida»
XpaHunuu facilities
MypmaHckan obn. Murmansk region
NBX I'pemuxa 2300 1200000 300000 1500000 400000 TSF Gremikha 2300 1200 000 300 000 1500 000 400000
NMBX AHppeesa 12200 4300000 1100000 5400000 500000 TSF Andreeva 12200 4300000 1100000 5400 000 500 000
©ryn «10 CP3» MO 450 300 000 70000 370000 11000 Poliarninskiy SRZ 450 300 000 70000 370000 11000
®rYn «Hepna» 1800 900 000 200 000 1100000 43000 «Nerpa» SRZ 1800 900 000 200 000 1100000 43000
Oryn «Atomdnor» 550 320000 80 000 400 000 18 000 Atomflot 550 320000 80 000 400 000 18 000
ApxaHrenbckasa obn. Arkhangelsk region

®ryn «3sesgoyka» 1300 800 000 200000 1000000 500 000 «Zvezdochka» SRZ 1300 800 000 200000 1000000 500 000
dryn «Cesmaw» 100 60 000 15000 75000 37000 Sevmash 100 60 000 15000 75000 37000
Nluksmnauna xpaxunmi 5500 2200000 600000 23800000 2000000 Elimination of SRZ storage 5500 2200 000 600 000 2800 000 2000 000
TPO N2162, «MupoHoBa facilities No162, «Mironova
ropa» n peanubutaums Gora» end remediation

Storage cost. Because the introduction of VLLW SRW
category assumes a decrease in expenses for storage facility
construction by at least 10 times as compared to LLW SRW,
let us use the average value of 330+70 /m3. The All-Russian
Research Institute for Power Technology (VNIIPIET), having
performed preliminary investigations for Andreeva Bay,
achieved the following estimates: Stage | (construction of
2000 m3-capacity storage facility) ~ 480 /m3; Stage Il
(4000 m3) ~ 390 /m3, Stage Il (6000 m3) ~ 280 /m3 that
makes up on average ~ 350 /m3. Taking into account both
the above cost trend and the expected volumes of LLW SRW
(Fig. 2), the expenses on storage facility construction for all
decommissioning facilities and remediation sites in Nortwest
Russia may be estimated as follows: Atomflot, Poliarninskiy
SRZ and Sevmash ~ 600 /m3; Zvezdochka Shipyard ~ 550 /
m3; Gremikha, Nerpa Shipyard ~ 500 /m3; SRW storage

facilities #162 and Mironova Gora ~ 400 /m3; Andreeva
Bay ~ 350 /m3; and Saida LSF ~ 330 /m3. The running-and-
repair costs using up-to-date construction technologies for
the above enterprises and sites may be estimated at ~ 5 %
of the initial storage-facility cost, the interval between repair-
and-renewal works being 50 years.

Shipment cost. The expenses for shipment by sea were
achieved from the following considerations. According to
the data of FSUE Atomspetstrans, daily running of the ship
to be built for transportation of Spent Nuclear Fuel (SNF)
and RW under Russian-Italian cooperation project is
estimated at 15000-20000 a day, the cruising speed being
~ 10 knots. As assumed, SRW will be shipped in 20-feet
containers (the requirement of Saida LSF). The dimensions
of two cargo holds will enable arrangement of 8 such
containers in one layer and 16 containers in two layers. The

Table 8. Economic Advantages and Disadvantages of VLLW SRW Storage in -Situ Compared to

Its Shipment to Saida for storage, €

XpaHeHune OTnpaska Bbirona +€ XpaHeHune
O6bekT Ha mecte | (M xpaHeHune) v 6 —€ CnAO/OHAO
250 net Ha MOX Canpa B = Ha mecTe
MypmaHckas o6n.
MNBX Ipemnxa 1500000 400000 -300000
(800 000)
MBX AHpgpeeBa 5400000 500 000 -900 000
(4000 000)
Dryrn «10 CP3» MO 370000 11000 -190 000
(150 000)
Dryn «Hepna» 1100000 43000 -450000
(600 000)
OrYMN «ATomMdnoT» 400000 18000 -200000
(180 000)
ApxaHrenbckaa o6n.
Dryn «3sesnoyka» 1000000 500 000 -40000 He BbirooHo/
(460 000) BbIFOOHO
dryn «Cesmatu» 75000 37000 -3000 He BbirogHo/
(35000) BbIFOOHO
Peanubutauma xpanHunuw TPO| 2800000 2000000 +1100 000 _
N2162, «MupoHoBa ropa» (1900 000)
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Storage in situ | Shipment (and | Benefit, +€ VLLW SRW
Enterprise, site for 250 jears | storage) at LSF storage in situ
«Saida» Loss, -€
Murmansk region

TSF Gremikha 1500000 400 000 -300000 _

(800 000)
TSF Andreeva 5400000 500000 -900 000

(4000 000)
Poliarninskiy SRZ 370000 11000 -190 000

(150 000)
«Nerpa» SRZ 1100000 43000 -450 000

(600 000)
Atomflot 400000 18000 —-200 000

(180 000)

Arkhangelsk region

«Zvezdochka» SRZ 1000000 500000 -40 000 Dis)A

(460 000) (Dis)Advantageous
Sevmash 75000 37000 -3000 ;

(35 000) (Dis)Advantageous

Remediation of SRZ storage 2800000 2000000 +1100000 _
facilities N2162 and «Mironova (1900 000)
Gora»
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Tabauya 9. SxoHOMMYeCKMe 3aTpaThbl U Bbirona BBeaeHns kateropumn CnAO/OHAO no
cpaBHeHuto ¢ HAO TPO gna NAX Canpa npu obpauweHur ¢ HUMmM B nyHkTe Cariga B TedeHme 100

ner, €
CopepxaHne OHAO B BeeneHue
coctae HAO OHAO HAQ Beirona, € KaTeropum
60% 6000000 300000 000 244000 000
40% 4000000 200000 000 196 000 000
20% 2000000 100000 000 98 000 000
10% 1000 000 50 000 000 48 000 000

HaMOMHUTb, YTO obecrneynTb 6e30MnacHoe XpaHeHne oTXo-
poB npennaraemon kateropmn CnAO/OHAO B TeueHune 250
neT HEBO3MOXHO HN Ha ONHOM NPeanpPUATM 1 obbekTe pe-
rmoHa. Mpun 3ToM HeoH6XOANMO YUUTBIBATb, YTO CTPOUTENLCTBO
MONUrOHOB/XPAaHWUIMLL SKOHOMUYECKN HEBLIFOOHO HU Ha Ofi-
HOM 13 06bekTOB, Kpome MAOX Carina 1 B ApxaHrenbckor o611.

B nTore, no coBOKYMHOCTN PacCMOTPEHHbIX Bbille BHe-
LUHWX 1 BHYTPEHHUX hakTopoB BBOA KaTeropum CNAO/OHAO
C NpencTaBneHHbIMU B Tabn. 4,5 [2,6] nokasatenamMmu He
NMo3BOMAET CO3AaTh IKOHOMMYECKN BbIFTOAHYIO N HEMPOTUBO-
peuunByto cuctemy obpaueHus co CnHAO/OHAO B macwTtabe
CeBepo-3anafgHOro pernoHa, He NPUBOANT K MOBbIWEHNIO
6e30MacHOCTY NepcoHana, HaceneHns 1 okKpyKatoLlen cpe-
Abl. HanpoTuB, B ciyYae NPUHATMA peKoMeHAauUnn no pas-
mMeuweHnio CTAO/OHAO TPO B MecTax ob6pa3oBaHuA He Oy-
OeT pelweHa 3agaya ocBoboxaeHNA permoHa oT paamoak-
TUBHbIX BeLecTB. B TeyeHme Bcero neprona nx KOHTPONMpy-
€MOoro XxpaHeHwus/3axopoHeHuA (0o 250 neT) CoXpaHUTCA co-
LManbHO-MNCUXONOrMyeckas HanpAXeHHOCTb, 0OycroBneHHas
TeM, YTO Nocsie NMKBUAALNN AAEPHO- N paarnaLMOHHO-oMnac-
HbIX 06bekTOB BM® Ha npexHMX MecTax Ux pacrnonioXeHns
OCTanuncb «PagnoakTUBHbIE OTXOAbI».

MpeanoxeHuna n pekomeHgaumn. BosHrkaeT Bonpoc
0 BO3MOXHOCTM co3AaHmMA 3P PeKTUBHON, HENPOTNBOPEYU-
BOW M 5KOHOMMYECKN MeHee 3aTpaTHOM cncTeMbl obpalue-

HWA C NPOMBILNEHHBIMW OTXOAAMU B pervoHe. BepHemca k
6onee NoopoH6HOMY PacCMOTPEHMIO CYLLECTBYIOLWENO MNOMO-
KEHUA C nX knaccmdomkaumen (cm. Tabn. 3). HanoMHum, 4to
B COOTBETCTBUW C AENCTBYIOWNMU (MO COCTOAHMIO Ha 2007 r.)
Kputepuamu [17] ana npUHATUA pelueHni npu obpalieHnm ¢
noysamu, TBEPAbIMU CTPOUTENbHBIMMW, MPOMBbILIAEHHbBIMU 1
ApYrMMuy oTXoaamu, ConepKalumMm y-u3nyyaioLme paamoHyK-
nvabl. CYLWeCTBYeT cefyowmii anroputm (Tabn. 13, puc. 5).

[eATenbHOCTb NO 06paLUEHNIO C MPOMBbILLIEHHBIMM OTXO-
pamu (cm. Tabn. 13, puc. 5) cootBeTcTBYET Cnocobam xpaHe-
HUA/M30nAUWK, NPeacTaBreHHbIM Ha puc. 1, B, 2. 3aTpaTbl Ha
CTPOMUTESNBCTBO TPAHLUEMHbIX XPaHUINLL, Kak U3BECTHO, B 3-5
pa3 MeHbLue 3aTpaT Ha CTPOUTENBLCTBO YNPOLIEHHbIX XPaHW-
NV NPU3eMHOro 1 HaszemMHoro Tuna (puc. 1, a, 6). Takon
rnopxon B HacTosllee BpeMs Mo3BonsaeT 6e30mnacHo 13onu-
poBaTb 0T 70 00 90% NpOMbILWSIEHHBIX OTXOOOB B MeCTaX nX
obpazoBaHuA. OCTaBLLYIOCA YacTb OTXOOOB MOXHO BbIBECTU
Ha 06beAVHEHHBIN MOAUIOH NPOMBIWAEHHbIX OTXOAOB, KO-
TOPbI, Kak 6bINO OTMEYEHO BbIlLE, SKOHOMMNYECKM BbIFOAHO
co3pgaTh B MHTEpecax Bcex npeanpuaTtuii n obbektos Myp-
MaHckom o6n. B NAX Carina, a ana npeanpuaTUin ApxaHrenb-
ckor o6n. — Ha 6a3e ropoackoro NOMFOHa NPOMbILLNIEHHbIX
oTxofnoB (r. CeBepoaOBUHCK).

SdohekTUBHOCTL Takoro noaxopa noaTeepxnaeT doakT
6oree ABaguUaTUNeTHEro nepuopa obpatleHna ¢ oTxogamm

Tabnuya 10. BO3MOXHOCTb ONUTENIBHOTO KOHTPOSA, 06ecrnedeHns (omsnyeckoi 3aWmTb v
skcnnyaTtauum xpaHnnmw CnAO/OHAO npu pasMeLleHnm NocieaHnx B MecTax obpasoBaHma

OoTX0oOoB, neT

naox Campa*

O6bekT 15 25 50 100 250
MypmaHckan obn.
MNBX Ipemuxa BepoAaTHa
MBX AHpopeeBa BepoATHa
@ryn «10 CP3» MO BepoaTHa
Oryn «Hepna» BeposATHa
Oryn «Aromdnor» BeponATHa

Dryn «3esesnoykar»
@ryn «Cesmau»

Peannbutauma xpaHunuiy
TPO N2162, «MwupoHoBa
ropa»

&R

ApxaHrenbckas o6n.

BeposaTHa
BepoaTHa

BeposaTHa

* MNpenycMOTPEHO MNnaHoOM CTpouTenbCTBa.
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Table 9. Economic Losses and Benef

its in Case of VLLW-Category Introduction Versus LLW SRW

for Waste Management at Saida during 100 years, €

% of VLLW in LLW VLLW LLW Benefit, +€ VILnL"V‘g ;"ﬁ?fn'y
60% 6000 000 300 000 000 +244.000 000
40% 4000000 200 000 000 +196 000 000
20% 2000000 100 000 000 +98 000 000
10% 1000 000 50 000 000 +48 000 000

experience of shipping metal LLW SRW from Nerpa Shipyard
to the railway terminal in Murmansk-city for subsequent
sending to FSUE ECOMET-S for remelting within 20-feet
containers has demonstrated that each of them can be loaded
with 5to 7 m?of such radwaste taking account of the relevant
weight limitations. At a lesser density of material 10-15 m3
SRW can be loaded per container. The above reasoning allows
taking the value of 10+£5 m3/container as an average estimate.
Thus two cargo holds of such a ship may be loaded with
80-160 m? LLW or VLLW SRW, and, consequently, the shipment
cost would equal ~ 0.6+0.2 /m3-per mile. If some additional
20-feet containers were arranged on the ship’s deck, the cost
could be diminished down to 0.4-0.5 /m3-per mile. For further
analysis with consideration for handling operations, let us take
the upper limit of the above estimate - 0.8 /m3-a mile (in reality,
shipment of industrial waste does not necessitate its placement
into 20-feet containers as well as the use of special ship. A
standard barge is quite sufficient for this purpose, and thus the
shipment cost would decrease down to 0.1-0.2 /m3-per mile).

The above cost analysis for construction of storage
facilities for VLLW SRW in situ as an alternative of its
shipment to Saida LSF allows estimating the economic
benefit of such an approach implementation at the regional
scale (Tables 7-9).

From analysis of the data of Tables 7-9 it follows that

the establishment of VLLW SRW category and its storage in
situ would be economically beneficial for Saida LSF and for
the case of elimination of SRW storage facilities # 162 and
Mironova Gora. This, however, would be unprofitable for all
shipyards and TSFs of the Murmansk region. With regard to
Zvezdochka Shipyard and Sevmash the benefit is uncertain
(i.e. comparable to the loss).

Safety. Economic indices are not the only factor that
justifies making of a definitive decision. The issue of ensuring
safe long-term storage/disposal of VLLW SRW is even more
important and includes: radiation and environmental
monitoring, physical protection and running including
necessary repair-and-renewal works (Table 10).

The data of Table 10 demonstrate that maximum
duration of safe VLLW SRW storage (100 years) may be
provided at Saida LSF only. The duration of monitored waste
storage at Andreeva Bay TSF and Gremikha TSF may attain
25 years if the remediation activities are extended.
Predictions of shipyards’ activities for 50-100 years are
unjustified due to the possibility of their conversion. Thus
none of the decommissioning facilities and remediation sites
in the region is capable of ensuring safe storage of VLLW
SRW for 250 years.

Regulatory basis. In accordance with the legislative
proposal on “Radwaste Management” developed at TSNII

Table 10. Potentialities for Long-Term Monitoring, Physical Protection and Running of Storage
Facilities in Case of VLLW SRW Storage/Disposal in Situ, Years

Enterprise, site 15

25 50 100 250

Murmansk region

TSF Gremikha

Presumable

TSF Andreeva
Poliarninskiy SRZ
«Nerpa» SRZ
Atomflot

LSF «Saida»*

«Zvezdochka» SRZ
Sevmash

Remediation of SRW
storage facilities No162
end «Mironova Gora»

Presumable

Presumable
Presumable
Presumable

Arkhangelsk region

- =

Presumable
Presumable

Presumable -

* is provided for in the construction plan.
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Mpepnaraeman knaccudukauus PAO.
Tpe6GoBaHuMA Cyl|eCTBYOWEro
3aKkoHoAaTenbLCTBa K aTanam

XpaHeHWUA U U30NALMUK OTXOA0B

CnAQ/OHAO HAO
(0,3-100 kBk/xr) (100-37000 kBx/kr)

! !

po 50 net

C peang [fonrospemennoe xpanenne 50-100 ner.
HestenbHocts co CnAO/OHAO % He onpeaenexa.
B I Ao p B TeueHue 250 net Het.

A

Cneumanuampo-
> BaHHOE

npeanpuaThe
CTaHOBWTCS
«3aNOKHUKOM»
CnAO/OHAO
ewe Ha 150 net

Puc. 3. Dmaner oopawenus ¢ TPO, oceo60xcoarousue KCHAYAMUPYIOUYH 0peaHU3AUUI OM 0MEEemCmMEeHHOCMU
3a obpaueHue co ecemu Kameeopusmu omxo0oe, exawuas npedrazaemyr kameeopuio CaAO/OHAO TPO, s
coomeemcemauu ¢ npoekmom ghedepanrvHoeo 3axona «Obpawenue ¢ paduoakmuenovimu omxodamu» 2007 .

dornoTa, cogepxalmnmMn paanoakTUBHbIe BelecTsa, B Mpu-
Mopckom kpae Ha DI'YT «30 CP3» BM®, roe nocToAaHHO Be-
neTca peabunutaumns COOpPYXeHWUn, TeEppUTOPUIA N akBaTo-
pWIA, 3arpA3HEHHbIX TEXHOFEHHbIMUW PagMoHyKnagamu, o6-
pa3oBaBWUMUCA B pe3ynbTaTe aBapum AY Ha Al K-431 B
6yxte Yaxma B 1985 r. [19]. OaHHbIM nooxon no3BonseT
po6uBaTbcAa HeOH6XOAUMBIX PE3YNbTAaTOB M HE BbI3bIBAET Ha-
peKaHU CO CTOPOHbI KOHTPONMPYIOLWMNX OpraHoB 1 obuie-
CTBEHHOCTU (puc. 6).

B nepBble OHW 1 MecAUbl NocIe aBapumn peabunurtaumm
rnopBeprnacb TEPPUTOPUA CydlOPEMOHTHOIO 3aBofda U 3ar-
pA3HEeHHble CoopyXeHuA. B TeueHune nocnenyowmnx 10 net
6bina ynaneHa Hanboree 3arpA3HeHHas obnacTb pagmoak-
TMBHOrO Cflefla B palioHe rpaBUNHOroO Kapbepa. OuuieHa
akBaTopuA ByxTbl Yaxkma y npuyvanbHON CTeHKN 1 hapBa-
Tep. B 2002 r. npoBeneHa peabunutaumna oHa o3epa-KoTo-
BaHa 1 npwuneraioouen Kk Hemy Tepputopumn. CoopyxeHUs
peabunutupoBany MeTogamMm ae3akTBaUmm, 3aMmeHon 060-

Tabnuya 11. MoOWHOCTb QO3bl Y-U3MyYeHUs Ha CTAHAAPTHBIX PACCTOAHNAX OT KOHTENHEpPa 1 Ha nJio-
Lwanke MpoMblIWeHHbIX OTXOOOB NPY Pa3fMYHOM COAEPXAaHUN PaaNoaKTMBHbIX BewecTB, 102 Mk3B/y

PaccTtosaHue,

YoenbHasa akTMBHOCTb BeleCTBa, COAepXKallero pagnoHyknua, Kbk/kr

y-u3ny4yaTenb 0.3 15

10 100

KoHTenHep 1x1x1 m

PaccTtosaHue 0,1 m
137Cs (50-70%) 3,0-3,8 15-19
80Co (5-15%)

100-125 1000-1250

PacctoaHume 1,0 m
137Cs (50-70%) 0,3-0,6 1,5-3
80Co (5-15%)

10-20 100-200

Mnowanka 50x50x1 m

PacctoaHue 0,1 m
137Cs (50-70%) 2,1-4,1 10-20
80Co (5-15%)

70-130 700-1300

PacctoaHue 1,0 m
137Cs (50-70%) 2,3-4,4 12-22
80Co (5-15%)

80-145 800-1450

[lo3a, m3B/roa
24 4 B ¢yT 0,2-0,4 1-1,8
6 4B CyT - -

6-12 60-120
1-2 10-20

lMpumedaHye. NMpuHATa NNoTHOCTL BewecTBa 1,5 r/cm?. MorpewHocTs oueHok 20%. Mo HPB-99 ponyctnmas ropo-

BaA ON03a OnA HaceneHwAa cooTBeTcTByeT 1 m3B/rom, nmepcoHana rpynnel 5 — 5 m3B/rog, rpynnel A — 20 m3B/rog.
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VLLW LLw
(0.3-100 kBq/kg) (100-37000 kBqlkg)

! !

Temporary storage at the operator's site for up to 50 years

Y

Specialized enterprise. Long-term storage (50-100 years
pes \rLLwrgRW manggamem is u%cl{ear. TR
No possibility for storage over 250 years till decay .

Fig. 3. SRW-Management Phases, which Exempt the Operator from Responsibility for Management of all
Radwaste Categories, including the Proposed VLLW SRW, in accordance with «Radioactive Waste Management”

Draft Law of the Russian Federation (2007)

Atominform in 2007, the enterprises involved have the right
to store radwaste temporarily at their sites for maximum 50
years; next such radwaste is to be sent to a specialized
enterprise for long-term storage (50-100 years) followed by
its transfer to ultimate-disposal sites. Thus, even if new RW
category (VLLW) is established, such waste - taking account of
the requirements on its management — is to be transferred
together with other RW categories to specialized enterprises

shortly after expiration of the period indicated. The destiny of
LLW, ILW and HLW SRW is clear: they are to be confined within
special locations for thousands of years. Continuation of the
functioning of specialized enterprises to support the integrity
of VLLW storage facilities over 250 years awaiting decay of
man-caused radionuclides down to the background level is
unreasonable and inexpedient: after confinement of main RW
categories their functioning becomes unprofitable (Fig. 3).

Table 11. Gamma-EDR at Standard Distances from Container and Industrial-Waste Pad for
Different Concentrations of Radioactive Substances, 10-2 uSv/h

Specific activity of radionuclide-containing substance, kBg/kg
Main gamma-emitters
0,3 1,5 | 10 100
Container 1x1x1 m
Distance 0,1 m
137Cs (50-70%) 3,0-3,8 15-19 100-125 1000-1250
%Co (5-15%)
Distance 1,0 m
137Cs (50-70%) 0,3-0,6 1,5-3 10-20 100-200
%Co (5-15%)
Pad 50x50x1 m
Distance 0,1 m
137Cs (50-70%) 2,1-4,1 10-20 70-130 700-1300
%Co (5-15%)
Distance 1,0 m
137Cs (50-70%) 2,3-4,4 12-22 80-145 800-1450
%Co (5-15%)
Dose, mSv/year
- 24 hours a day: 0,2-0,4 1-1,8 6-12 60-120
6 hours a day: - - 1-2 10-20

Comments: Substance density of 1.5 g/cm3 is taken for estimates; the error is 20%. According to
NRB-99, the annual permissible dose is: 1 mSv/hear for population; 5 mSv/hear for Group B personnel;

20 mSv/hear for Group A personnel.
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Hay4yHo-TexHu4eckme 1 HOpMaTUBHO-MpPaBOBble NMPobnemMbl co3naHUA cucTeMbl obpalleHnA co cnaboakTMBHLIMW OTXOAaMW B
CeBepo-3anagHom pernoHe Poccun

Tabnunya 12. CTaTucTUYECKME NapamMeTpbl MIOTHOCTY pacrpeneneHns MOoWHOCTM SKBUBANEHT-
How no3bl (M3[1) y-M3ny4yeHnsA Ha TePPUTOPUN NYHKTA Buoaeso

Table 12. Statistic Parameters for r-EDR Distribution Density in Vidiaevo

Mpumeyanme. Mo paHHbIM [15] cpenHee 3HavyeHne M3[1 Ha mecTHocTM B M. Fpemuxa cocraensaet 0,1-0,12 mk3B/M, B
parioHe MNBX AHgpeeBa (r. 3ao3epck) — 0,09-0,11 mk3B/4, uHTepBan Bapmauun — 0,09-0,2 Mk3B/4. Mo paHHbIM [16]
cpenHee 3HavYeHne M3]l coctaBnsaeT 0,11 MK3B/4 B MecTax C MOYBEHHbIM MokpbiTvemM 1 0,13 Mk3B/4 B palioHax Bbixofa

CKanbHbIX Nopofd, uHTepBan Bapuauuni — 0,08-0,22 mk3B/u.

Tab6nuya 13, AnropnT™ obpalleHns C MPOMBbILWEHHBIMM OTXONAaMM, COAePXaLUMI
Y-u3ny4atowme paguoHyKnnabl

O6bekT Mepbl BMewaTenbCTBa Ob6palieHne c oTxogamu

3arpﬂ3HeHHaﬂ no4yBa, CTpouTENbHbIE, anI OTCYTCTBUWN YyHaCTKOB Ha Hwunkaknx Mep BMelwaTenbCTBa He

NMPOMbILWIEHHbIE N OpPYrMe OTXOdbl C |TEPPUTOPUN C MOLLHOCTbIO TpebyeTca
MolwHocTbio no3bl 0,1-0,3 Mk3B/4 Hag |A03bl > 0,3 MK3B/4 HUKaKMX
POoHOM* Mep BMeLlaTenbCTBa He
TpebyeTca
3arpsA3HeHHan No4yBa, CTpouTenbHble, | MPOBOAMTCA Ae3aKTUBAUUA. 3arpsA3HeHHble MaTepuranbl NCNonb3y-
NPOMbILWEHHbIe U Apyrne otxodbl ¢ | MOWHOCTb AO3bl He OOMXHA 0T ANA 3acbINKN AM, OBParoB n

MOLWHOCTbIO Ao3bl 0,3-1 MKk3B/Y npeBblwaTtek 0,3 MK3B/M CTpOUTENbCTBA OOPOr BHE HaceneH-
HbIX MYHKTOB C nocneaytoLlen
pekynbTMBaUMen 3TUX MecT.
MowHoCTb Oo3bl Nocne pekynbTu-
BaUMN He OOJIXHa MpeBblWwaTb

0,3 mMKk3B/4

3arpA3HeHHas nMo4YBa, CTpouTenbHbIE, | [poBOONTCA Oe3akTMBaUMA. 3arpAsHeHHble MaTepuarbl BbIBO3AT
NpPOMBbILWIEHHbIE U Apyrne oTxodbl ¢ | MoOWHOCTbL A03bl HE QOMXHa Ha MOSMINTOHbI MPOMBILWAEHHbIX U
MOILLHOCTbIO O03bl 1-3 MK3B/Y npeBbiwaTtb 0,3 MK3B/M 6bITOBbIX OTXOMAOB C BblAeneHnem ans
VX pa3MeLleHna y4acTKOB WUun
opraHmMsauMun cneumnanbHO OTBEOEeH-
HbIX MeCT C rocrnefnylolen pekynbTu-
BauUMen.

MolwHoCTb nO3bl Mocfe pekynbTU-
BaUMWN He OOJIXHA MpeBblWaTh

0,3 mk3B/4
3arpAsHeHHas nNo4Ba, CTpouTenbHble, |[poBOANTCA Ae3aKTMBaUNA. O6pa3soBaBlwmneca PAO BbIBO3AT Ha
NPOMBbILWIIEHHbIE U ApyrMe oTxoAbl ¢ |MOWHOCTb AO3bl HE AOMXKHA crneunanmn3npoBaHHble MYHKTbI

MOLWHOCTbIO 003bl 60nee 3 MK3B/4 npesbiwaTb 0,3 MK3B/M 3aXOPOHEHMA PaANOaKTUBHbBIX
OTXOOOB COrNacHo npasunam no
obpalleHnio ¢ paanoakTUBHbIMU

oTXooaMWu.

MpumeyaHne. MowHocTb A03bl onpenensAoT Ha 0,1 M oT noBepxHoCTU. Kputepun He pacnpocTpaHATCA Ha
MaTepuarnbl, B KOTOPbIX MPUCYTCTBYIOT PaAMOHYKIMAblI TPaHCypaHoBOro papa. Mpu HanuymMu B rpyHTe U Mate-
puanax pagvoHyKNMOOB PaousA M TOPUA PELIEHUA MPUHUMAIOT MO YOenbHOW aKTUBHOCTU.

* B COOTBETCTBUMN C [18] anAa MmeTannoB nodie ux J:le3aKTVIBaLlVII/I/I'IepeI'IJ'IaBKI/I MOLWHOCTb AO03bl C y4eTOM

dooHa He ponxHa npesbiwaTb 0,2 MK3B/J.
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Inicial data Height, Sample | Average, | Median, | Minimum, | Maximum, S,
WcxonHble BbicoTa, O6vem | CpenHee, | MeouaHa, | Munumym, | Makcumym, S, sm size usv/h usv/h usv/h usv/h usv/h
OaHHble ™M BblI6OpPKM MK3B/M MK3B/M MK3B/M MK3B/4 MK3B/4
Distribution 10 750 0,12 0,12 0,06 0,20 0,03
Pacnpenenexve 10 750 0,12 0,12 0,06 0,20 0,03 without
6e3 yueTta anomalies 100 750 0,10 0,10 0,04 0,18 0,03
NPUPOAHbLIX 100 750 0,10 0,10 0,04 0,18 0,03
aromanun Real 10 800 0,13 0,12 0,06 0,62 -
PeanbHoe 10 800 0,13 0,12 0,06 0,62 - distribution
pacnpeneneHme 100 800 0,11 0,10 0,04 0,36 -
100 800 0,11 0,10 0,04 0,36 -

Comment: According to Ref. [15], the average r-background value in Gremikha settlement is 0.1- 0.12 mSv/h,
in TSF Andreeva area (Zaozersk-town) — 0.09-0.11 ySv/h; the variability interval is 0.09- 0.2 ySv/h. According to Ref.
[16], the average radiation background is: 0.11 ySv/h at locations with soil cover and 0.13 ySv/h in rocky areas; the
integral variability interval is 0.08-0.22 ySv/h.

Scientific and engineering problems. The recommended by the International Atomic Energy Agency
calculations performed at IBRAE RAS using MicroShield (IAEA) for general population may be achieved at
software [13] to estimate potential r-EDR from a radwaste activity of ~ 1-1.5 kBqg/kg and in case of
container with VLLW SRW with radionuclide composition  population staying within the affected area for 24 hours
shown in Table 5 for 0.3 kBg/kg have demonstrated that in the course of a calendar year (365 days) that is unreal.
EDR does not equal 0.1 pSv/h and varies within 0.02- For personnel of Groups A and B, the exposure dose while
0.04 pSv/h at material density of 0.5-2.0 g/cm3. EDR of = managing radwaste of activity 1.5 - 100 kBg/kg during 6
0.1 pSv/h corresponds to specific activity of ~0.9-1.5 kBg/  hours/day in the course of a work year (250 days) would
kg. Estimates performed for a generalized radionuclide  not exceed the established standards. Thus from the safety
composition of SRW typical of decommissioning facilities standpoint no tighter restrictions to industrial waste
and remediation sites of the region are demonstrated in  categorization and storage procedures are required.
Table 11. The dose commitment of 1 mSv/year Analysis of y-EDR distribution density over characteristic

Table 12. Statistic Parameters for r-EDR Distribution Density in Vidiaevo

Subject Intervention measures Waste management
Contaminated soils, building , No intervention measures if No intervention measures is required
industrial and other waste with EDR |areas with EDR > 0,3 uSv/h are
0,1-0,3 uSv/h above the lacking

background*

Contaminated soils, building , Decontamination. EDR is not | Contaminated materials are used for
industrial and other waste with EDR |to exceed 0,3 uSv/h filling up of trenches, ravines, etc.,
0,3-1 uSv/h Construction of roads outside
inhabited areas followed by land
restoration. EDR after land restoration
is not to exceed 0,3 uSv/h

Contaminated soils, building , Decontamination. EDR is not |Contaminated materials are removed
industrial and other waste with EDR |to exceed 0,3 uSv/h to dumps of industrial and domestic
1-3 uSv/h waste and disposed of within special
areas followed by their restoration. EDR
after land restoration is not to exceed
0,3 uSv/h

Contaminated soils, building , Decontamination. EDR is not |Radwaste produced is removed to
industrial and other waste with EDR |to exceed 0,3 uSv/h special RW -disposal sites in accordance
> 3 uSv/h with the RW -management regulations

Comments: EDR is determined at 10-cm height from the surface. The criteria do not cover transuranics containing
materials. If radionuclides of Ra and Th are available in grounds and materials, the decisions are taken on specific-activity
basis.

*in accordance with Ref. [18], for metals after their decontamination/remelting EDR together with the background
is not to exceed 0.2 mSv/h.
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Fig. 4. Histograms of - EDR distribution at 0.1 m height in Vidiaevo area (distributions: a — real; b — without consideration for natural

anomalies)

pyooBaHus, 6510KOB U KOHCTPYKLUWIA HOBbIMW, TEPPUTOPUN —
ynaneHuem rpyHta ¢ PAO, HaHeceHneM 4nCToro NoKpbITUA
W peKkynbTrBaUMeln 0o Tpebyembix ypoOBHEN, akBaTOPUN — C
NCrNonb3oBaHNEM OHOYTrNyOUTENIbHON TEXHUKU, METOOOM
OTKaukm Bofbl C mocnenytoLen peabunitaumein oHa pasnuy-
HbIMWU cnocobamun. OTxodbl (Kpome KpynHorabapuTHbIX),
nonapatowwue nop kateropuio PAO, cobupanu B KOHTelHe-
pbl M NoMeLany B 6eTOHHbIE XpaHWnuLLa NPU3eMHOro T1na,
MeHee aKTUBHble OTXOAbl, BKIIOYaA N MPOMbILWNEHHbIE, Ha-
BasioM CBO3UM B XpaHWUIMLWa TpaHwenHoro tmna. OgoHo v3
XpaHUNuL pasMecTunn B T€CHOM MacCuBe Ha PaAnoOaKTUB-

HOM crniefie Ha yaaneHum 2 KM OT 3aBofa, Apyrue — Ha Teppu-
Topum 6eperosoit 6asbl B 6yxTe CbicoeBa. [paBuii N3 Kapbe-
pa nocse pekynbTUBaLMM 0O MOLUHOCTM SKBUBaNEHTHOM A03bl
meHee 0,3 Mk3B/4 UCMONb30BanNu AnA BblpaBHMBAHUA MO-
LaaoK, OTCbINMKM AOPOTr BHE HaceNeHHbIX MyHKTOB, CTPOUTENb-
CcTBa PyHAAMEHTOB TEXHMYECKMX COOPYXEHMIA U NP.

Mocne nBapuaTMneTHeN BbIOePXXKM YacTb OTXOAOB KaTe-
ropun HAO B pesynbTaTe paavoakTMBHOIO pacnana nepe-
Lwria B MPOMBbILUTIEHHbIE OTXOAbI. 9TO NMO3BOMMNO 0CBO6OAUTL
poporocToswme 6eTOHHbIE XpaHUIMLLIA Y Pa3MecTUTb Nofo6-
Hble OTXOAbl Ha BHYTPEHHEN MPOMbIWIEHHOW Molaake.

Hpmumneuuble oTXoak!
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territory of the region under consideration demonstrates
that in case of repair-and-construction and remediation
works the currently used dose-control equipment enables
identification (with the reliability of 0.997) of abnormally
significant elevations at a level of > 0.1 pySv/h from natural
background variations caused by different concentrations of
natural radionuclides in rocks and soils (Fig. 4, Table 12 [14]).

If the bottom waste-assortment threshold (especially for
concrete structures and grounds) were established at a level of
0.3 kBg/kg (~ 0.03 pSv/h), the reliability of separating
abnormally-significant materials would not exceed 0.7 that
would lead to unjustified consideration of some natural-origin
substances as the sources of man-caused contamination and
thus in over-expenses for their storage. Potentially, the
reliability-enhancement task to identify man-caused
radionuclides with concentrations of ~ 0.3 kBg/kg (i.e. at the
natural-background level) may be solved via re-equipping
dosimetrists and waste-assortment areas with field
semiconductor gamma-spectrometers. However their cost
would exceed that of equipment currently in use by tens of
times, and the development of additional guidelines and
procedures would be necessary along with extra-expenses for
repair and updating of engineering and metrological support.

As a whole, the above-mentioned over-expenses are
unjustified from the radiation safety standpoint, whereas
the identification of waste with dose commitment of

0.3 mSv/year versus the recommended 1 mSv/year and the
natural background of 2.4 (1-5) mSv/year — especially in case
of scarcely-populated Andreeva Bay TSF with no plans for
further economic use - is unreasonable. It will be recalled
that there is no possibility of ensuring safe storage during
250 years of proposed VLLW category at any enterprise/site
of the region, and that the construction of waste-disposal
grounds/storage facilities has been estimated as unprofitable
at the majority of enterprises/sites with the exception of
Saida and shipyards in Arkhangelsk region .

Thus, taking into account the integrity of above-
considered external and internal factors, the introduction
of VLLW category with the indices demonstrated in Tables 4
and 5 [2, 6] would not allow establishing an economically
profitable and consistent VLLW-management system in
Northwest Russia and would not enhance safety of workers,
population and the environment. Quite the contrary, if
recommendations on VLLW disposal in situ were accepted,
the task of the region liberation from man-caused
radioactive materials would not be solved. Social and
psychological tension would remain in the region throughout
the period of VLLW monitored storage/disposal (up to 250
years) based on the perception of “radioactive waste”
persistent location at former naval sites even after
elimination of their nuclear and radiation-hazardous
facilities.

Industrial waste
(< MSSA kBg/kg)

LLW
(MSSA-1 mBqlkg)

e
at the s
s

TS

EDR = 0.3 pSv/h

Temporary storage at the operator’s site for up to 50 years

v

Specialized :
Long-term storage for 50-100 years

)

H
H

Fig. 5. Currently Used Algorithm, which Exempts the Operator from the Responsibility for
Management of Industrial and Radioactive Waste
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Tabnuya 14. Knaccndukauma OTXON0B, cofepXalumx paanoakTBHbIE BeWecTBa

YoenbHaAa akTUBHOCTb, KBK/Kr
Kateropus otxonoB

B-y-U3nyyaiowne a-N3nyvaowmne TpaHcypaHOBble

pPanMoOHYKNMAbI panvoHYKNMabI pPanvoHYKIAabI
MpomblwneHHble < 100 <10 <0,1
OueHb HU3KoM akTmeHocTM (OHAO) 100-370 <102 <1
Huskon aktueHoctu (HAO) 3,7.10-3,7-10% < 10?2 <1
CpeHen akTueHoctn (CAO) 3,7-10°-3,7-107 10%-107 1-10°
Bbicokon akTuBHocTu (BAO) >3,7-107 > 107 > 105

MkP/Y |
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[ EEEE [ R P
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Puc. 6. Yuacmrku peaburumayuu coopyicenuii, meppumopuil U akeamopuii Ha
paduoakmusrom caede, obpazosasuiemcs 6 pesyavmame agapuu 43Y na AL

K-4316 6. Yaxncma 6 1985 2. :

1 — mecmo asapuu; 2 — cydopemonmHulii 3a600; 3 — 0. Yaxcma, npuuansvnas
cmeHKa, gapsamep; 4 - 03epo-Komaosan; 5 — epaguiinbiii Kapvep; 6 —

mpanuetinoe XpaHuauuye

Fig. 6. Remediation areas for buildings, lands and aquatic systems within the
radioactive trace formed after the Chazhma Bay accident (1985) at K-431 nuclear
submarine (1 — accident epicenter; 2 — shipyard; 3 —quay wall and waterway in
Chazhma bay; 4 — lake-excavation; 5 — gravel pit; 6 — trench-type storage facility)

>4

OTxomdbl, paHee rnomelleHHble B TpaHLen-
Hble XpaHWNMLLa, OCTaBMeHbl Ha pagnoak-
TMBHbIVA pacnag ¢ NocienylWnM Ux nepe-
BOMIOM B XpaHWNULLA NPOMBbILWIEHHbIX OTXO-
nos. MNop paBneHvem o6WECTBEHHOCTU Y
«3efeHbIX» B CBA3M C OTCYTCTBMEM NMOCTOAH-
HOrO KOHTPONA TPaHLIENHOEe XpaHUnuLe, Co-
3paHHoOe rocne aBapun B fiecy Ha paamoak-
TUBHOM cnefe, B 1992 r. 661510 NMKBUANPO-
BaHO, 1 OTXOfbl NepeBe3eHbl Ha 6eperosyio
6a3y B 6yxTe CbicoeBa.

B 2002 r. npu noaroToBKe 03epa-KoTno-
BaHa ONA XO3ANCTBEHHOW OeATeNbHOCTM Tak-
Xe 6blf1 yCNewHo NpMMeHeH pacCMOTPEH-
HbIlA B Tabn. 13 noaoxon. Anroputm peabu-
NTauMm CBOAWNCA K cieaylolemMy: npensa-
puTenbHoe kapTorpadrpoBaHMe AHa CKBO3b
TOSLY BOAbI C MOMOLLbBIO MOrPY>KHOro paamo-
MeTpa, AOHHaA raMMa-CreKTpomMeTpus, pa-
OVIOHYKNMNAHBIA aHann3 NPUAOHHOIO oA
BOAbl, OTKayka BOAbl C HEMpPEPbLIBHbIM pa-
AMOMETPUYECKNM U FaMMa-CreKTpoMeTpu-
YeCKUM KOHTPONeM, PaanoHYKITMAHbIV aHa-
N3 PaCcTUTENBHOCTH, PbiBbI, GUOTLI, MOBTOP-
Hoe KapTorpadrpoBaHve 1 BbifeneHmne 30H
peabunuTtaumn, OKOHTYpPMBaHME Y4aCTKOB,
cooTBeTcTBYIOWMX TPO, n3BneveHne TPO n
rnomelleHne B MeTannnyeckne KOHTenHepsbl,
KOHTPONb PaAMoakTUBHOIO 3arpA3HeHnA
BO3AyXa, NacnopTM3auma n oTrnpaska KOH-
TenHepoB ¢ TPO Ha BpeMeHHOe XpaHeHune
Ha 6eperoBylo 6a3y B byxte CbicoeBa. O6-
nacTy pagnoakTUBHOIO 3arpPA3HEHNA C YPOB-
HAMU MeHee 0,3 MK3B/4 6bINM OCTaBMnEeHbI
Ha ecTeCTBEHHYIO Ae3aKT1BaLUunio, C YyPOBHA-
MU 6onee 0,3 MK3B/4 — peKynbTUBNPOBaNN
TEXHUNYECKMMMW CPEeACTBaMM 10 YPOBHEN Me-
Hee 0,3 MK3B/4. 3aBepLialoWni 3Tan: papu-
aUMOHHOe KapTorpadrpoBaHme, He3aBUCK-
Mas 3KCnepTU3a KOHTPONMpPYLWNMKU opra-
Hamwu, noanmncaHme akTos npmemku TPO, pe-
abnNUTMPOBaHHBIX y4aCTKOB TEPPUTOPUN U
akBaTopuu, Nepefaya peabunmTnpoBaHHbIX

Table 14. Categorization of Waste Containing Radioactive Substances

Waste category

Specific activity, kBa/kg

rg_t;{i_grr:ltjzfiiggs raogii)mntczil?dges Transuranics
Industrial waste < 100 <10 <0,1
VLLW 100-370 < 10? <1
LLW 3,7-10%-3,7-10* <102 <1
ILW 3,7-10%-3,7-107 10%-107 1-10°
HLW > 3,7-107 > 107 > 10°

Proposals and recommendations. The question arises
of whether there is a possibility of establishing an efficient,
consistent and less-expensive system for industrial waste
management in the region. Let us consider again, but in
more detail, the actual industrial-waste-categorization
status (see Table 3) and recall the algorithm used while
managing soils, solid building, industrial and other wastes
containing r-emitting radioinuclides in compliance with the
criteria presently in force (as of 2007) [17] (Table 13, Fig. 5).

The current industrial-waste-management activities
(Table 13 and Fig. 5) correspond to the modes of storage/
disposal demonstrated in Fig. 1c and 1d. As known, the
expenses for construction of trench-type storages are by
3-5 times less as compared to those for simplified
subsurface or aboveground facilities (Fig. 1a and 1b). At
present such an approach enables safe confinement in situ
of 70-90% industrial waste. The remaining waste may be
shipped to an integrated ground for industrial waste, which
establishment, as mentioned above, would be profitable
at Saida for all enterprises and sites of the Murmansk
region; for enterprises of the Arkhangelsk region such a
ground may be established on the basis of Severodvinsk-
city’s industrial-waste ground.

The efficiency of the above approach is confirmed by
more than 20-year successful experience of managing naval
waste containing radioactive substances at Shipyard # 30
(Primorskiy kray, Far East Russia). Here environmental
remediation of buildings, territories and aquatic areas
contaminated with radionuclides due to the Chazhma Bay
accident (1985) at K-431 nuclear submarine is continuously
conducted [19]. The used approach enables achievement of
required outcomes and does not give rise to criticism from
supervisory authorities and public organizations (Fig. 6).

During early post-accident days and months
environmental-remediation activities were focused on the
shipyard’s site and its contaminated buildings. In the course
of the following 10 years ground contaminated at the most
close to the gravel pit within the radioactive trace was
removed, and the aquatic area nearby the quay wall and
along the Chazhma Bay’s waterway was decontaminated.
In 2002 the bottom of the lake-excavation together with
the adjacent territory was remediated. Remediation
activities were conducted as follows: buildings -

decontamination, replacement of equipment, units and
constructions by new ones; lands - removal of contaminated
and placing of non-contaminated ground, land restoration
up to required standards; aquatic areas - water pumping-
out using dredging equipment followed by remediation of
the lake bottom via different procedures. Waste considered
as radwaste was loaded into containers (save for bulky
radwaste) and placed into above-ground concrete storage
facilities; less-active waste, including industrial waste, was
loaded in bulk into trench-type storages: one of such trenches
was established in the woodland 2 km from the shipyard
within the radioactive trace, other trenches were arranged
at the site of Coastal Maintenance Base (CMB) in Sysoeva
Bay. Gravel of the pit after remediation up to <0.3 pSv/h
was used for leveling of sites, filling of roads outside
settlements, construction of basements for non-inhabited
structures, etc.

As a result of radioactive decay, after twenty years of
hold-up some LLW became ‘industrial waste’. That enabled
its removal from expensive concrete storage facilities and
arrangement at inner pad. Waste placed earlier into trench-
type facilities were left for natural decontamination
(radioactive decay) followed by transfer to industrial-waste
storages. The trench-type facility established after the
accident in the woodland within the contaminated trace
was eliminated in 1992 under the pressure of public
organizations complaining about the lack of its continuous
monitoring, and waste stored therein was shipped to CMB
in Sysoeva Bay.

In 2002 the approach illustrated in Table 13 was used
with success in the course of remediation of the lake-
excavation. The remediation algorithm provided for the
following: preliminary mapping of the bottom through water
using submersible radiometer; r-spectrometry of the lake
bottom; radionuclide analysis of near-bottom water layer;
water pumping-out under permanent radiometric and r-
spectrometric monitoring; radionuclide analysis of biotic
components; re-mapping and identification of remediation
areas; contouring of SRW-containing spots; SRW removal and
loading into metal containers; air-contamination monitoring;
drawing up of SRW identification sheets and sending of
containers with SRW to CMB in Sysoeva Bay for temporary
storage. Contaminated areas with the levels < 0.3 pSv/h
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Puc. 7. Hauanohsle smanst peabuaumayuu paduoakmueHo20 3aepszHeHus OHa 03epa-Komio8ana:
a — kapmoepaguposanue; 0, 8 — OMKAYKA 800bl; 2 — PEKYAbMUBAUUS Oepe208oil Yepmbl
Fig. 7. Initial remediation stages of contaminated bottom of the lake-excavation:

a — mapping; b, c — water pumping out; d — restoration of lakesides

YYaCTKOB B XO3ANCTBEHHYIO AeATENbHOCTL (purc. 7-8 [20]).

Kak BMOHO, cylwecTBylOWNA noaxon obpalleHns ¢ npo-
MbIWEHHbIMY OTX0AaMu AENCTBYET N HE MPUMBOAMWT K Hapy-
WeHNI0 MPUHATBLIX HOPM paaMaLnoHHOW 6e30nacHoCTH
HPB-99, koTopble pa3paboTaHbl C y4eTOM pPeKOMeHOALUNN
MATATS. OgHako 6b110 6bl HeONMpPaBOAHHO OTKA3bIBATLCA
OT OTAENbHbIX MO3UTUBHbIX PE3yNbTaTOB MCCIIeAOBaHWUM, KO-
TOpble Nosny4eHbl B IpOLIecce MHOTrONETHEro POCCUIACKO-HOP-
BEXCKO-LIBEACKOrO COTPYAHUYECTBA B 3To obnacTtn, Tem 60-
nee, YTO UX BHEPEHME MOXET NPUBECTU K SIKOHOMUNYECKOMN
Bbirofe.

B yacTHOCTW, 3acnyxmnBaeT BHUMAHUA NpeanoxeHne o
CMeLLEeHMM HUXHErO YPOBHA yaerbHOM akTUBHOCTY ana HAO
B 06nacTb 60MbLIMX 3HAYEHUI NO CPABHEHMIO C CYLLECTBY!IO-
wmmm (M3YA 10-100 kbk/kr ans '¥7Cs, °°Sr, cm. Tabn.4) n
M30M1AUMKN OTXOOO0B B XpaHUnuwlax yrnpoieHHoro tmna. U3
OaHHbIX, NMPMBEAEHHbIX B Tabn. 4, BAOHO, YTO 3TOT YPOBEHb
MoxeT 6biTb oT 100 (CLWA) no 300 kbk/kr (Weeuwsa). Mpwn
TakoM noaxone MOXHO 6bio 6bl BblAENUTb KaTeropuio
OHAO B nHTepBane akTMBHOCTM ANA B-y-u3nyyalowmx pa-
AOMOHYKNMAoB, Hanpumep, npumepHo ot 100 o 370 kbk/kr.
MpennoxeHo Bce nofobHble oTxoabl permoHa cobpaTtb Ha
MNAx Carpa v XxpaHUTb B XpaHunuwax (cm. puc. 1, a, 6) B Teve-
Hve 100 neT 0o cHMXxeHuA akTuBHocTK ¢ 370 go 100 kKBk/Kr ¢
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nocnenyolWrM UxX NepeBoaoM B NPOMbILLIIEHHbIE OTXOAbI,
obpalleHune ¢ KoTopbiMK NpeaycMoTpeHo B [17] (cm. Tabn.
13) . PaamelueHme xpaHunmiia OHAO Ha NONUIroHe NPOMbILL-
NeHHbIX OTXONOB He NoTpeboBano 6bl MX AanbHeWwWwero ne-
pemelleHuA. B cnyyae npoaneHnAa CPOKOB AEATENIbHOCTU
MAOX Canpa 3K OTXOObl OCTAHYTCA MOO KOHTPONEM crneum-
anbHOW OpraHv3aumMm ele Ha onpeneneHHbIN Cpok. B npo-
TUBHOM CJly4ae MONINIOH MPOMBbILWIEHHbIX OTXOOOB MOXET
6bITb PeabuUnMTUPOBaH M3BECTHbIMM Crlocobamu.

Mpn naHHoM noaxone oxupaemoe konuyectso OHAO
6yneT opneHTMPOBOYHO cocTaBnATb 30-40 % HAO. B pesyrb-
TaTe ynpoleHna npouenypbl obpalleHnA-XpaHeHNsA ee CTo-
UMOCTb MoHM3NTCA ¢ 7000-14000 po 300-400 €/m3, yTO B
MacwTabe pervoHa byneT NCHUCNATLCA OeCATKaAMU MUNK-
OHOB €BPO 3KOHOMWW 1 KOMMEHCMpPYeT 3aTpaTbl Ha PeKy/b-
TMBaUMIO, Ae3aKTMBaLMIO, MepennaBKy, OKUraHne NpoMbiLl-
NTeHHbIX OTXOAOB, a TakKXe CTPOMTENbCTBO MOIUFOHOB ANA
HuX. B pe3synbraTe Knaccndpmkaumio C y4eToM CylLecTBYIO-
wmx B Poccmm noaxonoe, MeXayHapoOHOro onbita 1 Heob-
XOOMMOCTM CO30aHUA €ANHON PernoHanbHOM cucTeMbl 06-
palleHnA C MPOMbILWIEHHbIMM OTXOAaMM, COAepPXalUMmMm pa-
AnoakTMBHble BelecTBa, B CeBepo-3anagHoOM pervoHe
MOXHO MpeacTaBuUTL criefytowmnm obpasom (Tabn. 14, puc. 9).

MpencTaBneHHbIN Ha pyc. 9 anropnTm obpalleHnsA ¢ Npo-

Bonpocbkl ytunuzauun Al N21 (15), 2008

Puc. 8. Yoanenue paduoakmuenvix omxo0os:

a — okoumypueanue obaacmu TPO; 6 — uzeneuenue TPO; 6 — nomewjerue @ KoHmelHepsl, e — NOGMOPHOe Kapmoepaguposanue —

NPOMENCYMOUHAs cmaousl
Fig.8. Radwaste Removal:

a — mapping of SRW-containing spots; b — SRW removal; c —SRW placing to containers; d — re-mapping — interim stage

were left for natural decontamination, and those with the
levels > 0.3 ySv/h were decontaminated up to < 0.3 uSv/h
using the equipment available. The completive remediation
stage consisted of: radiation mapping; independent peer
review by supervisory bodies; signing of acceptance
statements for SRW, remediated lands and aquatic areas;
transfer of remediated areas to economic use (Figs. 6 - 8
[20]).

Thus, as demonstrated above, the actual approach to
industrial waste management is working and does not cause
violations of the radiation safety standards in force (NRB-
99) developed with consideration for the IAEA
recommendations. At the same time it would be
unreasonable rejecting individual positive outcomes of
investigations achieved in the course of many-year Russian-
Norwegian-Swedish cooperation in this field, especially
because their implementation may yield economic benefit.

In particular, the proposals on shifting the bottom specific-
activity level for LLW SRW to the area of larger values as
compared to those presently in force (MSSA of 10-100 kBg/
kg for ¥7Cs and °°Sr, Table 4) and waste confinement within
simplified-type storage facilities deserve special attention.
The data of Table 4 show that the level in question may vary
from 100 kBg/kg (USA) up to 300 kBg/kg (Sweden). Under

NPS Dismantling Issues #1 (15), 2008

such an approach, the VLLW category might be distinguished
within the activity interval for B-r-emitting radionucliedes
e.g. from ~ 100 kBg/kg to ~ 370 kBg/kg. All VLLW of the
region might be consolidated at Saida LSF and stored within
storages of the type 1a and 1b (Fig. 1) during 100 years until
a decrease in its activity from 370 kBg/kg down to 100 kBg/
kg; next such waste might be transferred to the industrial-
waste category to be managed in accordance with the
Regulations [16] (Table 13). Simultaneously, the construction
of VLLW storage facility at industrial-waste grounds would
not require its further displacement. If the duration of Saida
LSF functioning were prolongated, such waste would remain
under monitoring by a special organization. If not, the
industrial-waste ground might be remediated using known
procedures.

If the above-described approach were applied, the
expected amount of VLLW would make up ~30-40 % of
LLW SRW amount. Thanks to simplification of the
management-and-storage procedure, the related expenses
would decrease from 7000-14000 /m?* down to 300-400 /
m? that on the regional scale would make up tens of millions

of savings and would recompense the expenses for
reclamation, decontamination, remelting and incineration
of industrial waste as well as those for construction of
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MbIWEHHbIMMW U PaauoaKTUBHbLIMU OTXO-
aamu, ocsoboxpalowWwmii Kaxayo sKcnnya-
TUPYIOLLYIO OpraHn3auUnio OT OTBETCTBEH-
HOCTW 3a 06palleHme C HUMW, COOTBETCTBY-
eT OencTBylolWeMy 3aKOHOOATeNbCTBY,
obecrneyeH MeTogamMu 1 CpencTBamMm pe-
anvsaumu, He NPOTUBOPEYUT OENCTBYIO-
wmm TpeboBaHMAM no obecneyeHnto pa-
AvaunoHHon 6e3omnacHOCTU nepcoHana,
HaceneHnA N okpyxatoLuern cpensl. Mpwm co-
OTBETCTBYIOWEN MOAepHM3aLMN OTaEeNb-
HbIX 0OLEKTOB B MHTEpECcaXx OpYrmx nonb3o-
BaTenen (Hanpumep, CTPOUTENLCTBE MO-
NIUFOHOB MPOMbILWEHHbIX 0TXodoB B MNAOX
Canpa n B parioHe r. CeBepoaBMHCKA, Xpa-
Hunuwa OHAO B NAX Cavipa v np.) anro-
pUTM NO3BOMAET CO3AaTh HEMPOTUBOPEYM-
BYIO 1 3KOHOMMUYECKWN BbIFOOHYIO CUCTEMY
obpalleHNs C NPOMbILNIEHHbIMMW U pagno-
aKTUBHbIMW OTXOAaMu B MaclwTabe peru-
oHa (pwuc. 10).

3aknovyeHune. BeegeHve kateropuu
CnAO/OHAO B npenenax ogHoro npea-
NPUATUA YyTUNU3aUUK U1 peadbunutaunn,
Hanpumep MBX AHppeeBa ®OI'YIN «Ces.-
PAO», c HamepeHnemM pacnpocTpaHnTb
OonbIT Ha Apyrne opraHn3aunmn He rNo3Bo-
nAeT oNTUMKM3NPOBaTL TPEOGOBAHWA K 3TON
KaTeropum oTXOAOB, TaK KakK yXe Ha Ha-
YyanbHOM 3Tarne He yYUTbIBAET MHTEPECHI
BCEX 3IKCMNyaTUPYIOLWMX OpraHunsauunn,
PYHKUMN 1 BO3MOXHOCTU KOTOPbIX He
BCerga naeHTUYHbI PYHKUNAM 1 BO3MOX-
HOCTAM B3ATOro B KayecTBe MpoToTuna
obbekTa. 3To 06YCNoOBNMBAET NOABNEHNE
TPYOHO pa3pelnmMbix npobnem n He no-
3BOMIAET CO30aTb €ANHYIO 3KOHOMMYECKMN
BbIFrOAHYI0 1 6e30nacHyto cnctemy obpa-
WeHMA ¢ NPOMbIWIEHHbIMY OTX0AaMu B
CeBepo-3anagHom pernoHe Poccmn. He-
n3bexHo BO3HMKalOWMNE AOMNOMHUTENb-
Hble 3KOHOMUWYECKMEe 3aTpaTbl HeoMnpae-
AaHHbI.

HenoctatouHaa 3¢phekTMBHOCTL Oen-
cTBYlOWeEN cncteMbl obpalleHns ¢ npo-
MbILWSIEHHBIMU N PAaaVNOaKTUBHBIMU OTXO-
JaMu 3aKnoyaeTca He B OTCYTCTBUM HOp-
MaTUBHO-NPaBOBOW 6a3bl UM HEBO3MOX-
HOCTW peLLeHNA BO3HMKAIOLLNX HAay4YHO-TEX-
HUYecknx npobnem, a B cfiabom passutnn
WNHOPPACTPYKTYpbl Ha OTAENbHbIX NPeanpu-
ATUAX N B PErMOHe B LIeNIOM, MofepHM3a-
LMA KOTOPOW CAepXXMBaeTCA NPUHUMIOM
OCTaTOYHOro PUHAHCUPOBAHMA.

B pe3ynbTaTte pacCMOTPEHUA COCTOA-
HUA npobnemMbl obpalleHNs C NPOMbILL-

industrial-waste grounds. Thus, taking into
account the approaches currently in use in the
Russian Federation, positive international
experience and the need for establishing an
integrated regional system for management
of industrial waste containing radioactive
substances in Northwest Russia, its
categorization may be represented as follows
(Table 14, Fig. 9).

The algorithm (Fig. 9) that exempts all
operators from the responsibility for
management of industrial and radioactive
waste complies with the legislation in force, is
provided with methods and implementation
procedures and is consistent with the acting
requirements on ensuring radiation safety of
workers, population and the environment. If an
appropriate modernization of individual
facilities is made for the sake of other users
(e.g. construction of industrial-waste grounds
at Saida LSF and in Severodvinsk area; VLLW
storage facility at Saida LSF, etc.), the approach
described will allow establishing a consistent and
economically beneficial system for industrial and
radioactive waste management on the regional
scale (Fig. 10).

Conclusions. The establishment of
VLLW SRW category at only one
decommissioning facility / remediation site (e.g.
Andreeva Bay TSF of SevRAO) with the intention
of further extension of the experience achieved
over other facilities/sites does not allow
optimization of the requirements to VLLW SRW
management because the interests of all
operators, which functions and capabilities are
not always identical to the prototype facility,
are not taken into account even at the initial
stage. The use of such an approach would involve
a series of tough problems and would give no
way of establishing an integrated economically
beneficial and safe system for industrial waste
management in Northwest Russia. Additional
expenses arising inevitably in such a case would
be unreasonable.

Though the current system for
management of industrial and radioactive
waste is not sufficiently efficient, this is not
due to the lack of appropriate legal-and-
regulatory basis or to the incapability of solving
related scientific-and-engineering problems,
but to poor development of infrastructure at
individual facilities/sites and in the region as a
whole which modernization is impeded by the
residual-financing approach.

Based on analysis of the actual status of the
problem of industrial-and-radioactive waste

| Industrial waste | l VLLW || w |
<100 kBqlkg 100-370 kBa/kg | | 370-37000 kBqikg
Temporary storage at the operator's site for up to 50 years |
at the operator's | : .
{mr-{-: d)
pa w lalized nuwu
l {on-site storage) | me'wig:m 0-100 years |

Industrial waste
<100 kBqlkg

EDR > 0.3 pSvih

Fig. 9. Integrated Algorithm for Management of Industrial and Radioactive
Waste Exempting the Operator from the Relevant Responsibilities

> - LLW, VLLW flows
B industrialwaste flows

. - partial disposal of industrial waste

TSF Gremikha

= 4100 cub. m, K=1}

LSF “Saida”

Is to accept:
W

Elimination of
[h“!ué“ﬁunmﬁn’

- industrial waste. 10000 cub, m, K=1)

Rt

quired:
- VLLW storage fachlity;
- industrial-waste ground.

- < full disposal of Industrial waste

Fig. 10. Proposed Functional Diagram for Management of Industrial Waste,
Very-Low-Level Waste and Low-Level Waste in Northwest Russia
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NeHHbIMW 1 PaANOAKTUBHbBIMUW OTXOAaMW B pernoHe npen-
naraeTcA KOMINeKCHanA cTpaTerns, Kotopas B AENCTByOWEM
NpaBOBOM Mofie B KOPOTKNE CPOKU MO3BONUT 0cBO6OANTL
KaXmayto 3KCnyaTUpyioLLylo opraHmM3aumnio oT OTBETCTBEH-
HOCTW 3a obpalleHne C HUMK Npy cobnoaeHnn OencTByto-
WX HOPM padnaumoHHon 6e3onacHocTn. OHa MeHee 3aT-
paTHa, TaK KaK NCromnb3yeT KOMMEHCALMOHHbIN MOAXOA, He
NMPOTVBOPEYNT HOPMATVBHO-MPABOBbLIM W HAy4YHO-TEXHUYEC-
KM TpeboBaHMAM NO PerynnmpoBaHMIO N KOHTPOSIO 3a AaH-
HbIMW BMOAMW OeATeNIbHOCTM B MaclwTabe Bcero Ceepo-
3anagHoro pervoHa. OgHaKko 3ToT noaxon TpebyeT fanbHen-
wero 6onee TWATENbHOIO CTPYKTYPHOrO aHanmsa u TeXHU-
KO-3KOHOMMNYECKOro 060CHOBaHMA B LIENAX HaXOXAEHNA On-
TMMyMa «MWHUMYM 3aTpaT — MakcMMym 6e30mnacHoOCTM Ha
KaXXHoM NpeanpuATAN N B permoHe B Lieniom». Peanusauna
3TON cTpaTermn noTpebyeTt B AanbHeNWeM paccMOTPeHUsA
BOMPOCOB, CBA3aHHbIX C AOMOMHUTENbHbLIM CTPOUTENLCTBOM
MOSIMrOHOB MPOMBILWIEHHbIX oTXxonoB Ha MOX Canpa (xpa-
HUMMLLA Ha3eMHOro unu npusemHoro Tina and OHAO TPO)
n B r. CeBepoaBmMHCcKe Ha 6a3e ropoackoro NoanroHa, yTou-
HeHMA nokasaTenemn, xapakTepumsyoLmnX 3TN OTXOAbI, N3Me-
HEeHWA yCrIoBUIN COPTUPOBKMW, KOHTENHEPMPOBaHWA, KOMMaK-
TUPOBAHUA, TPAHCMOPTUPOBKU U PELIEHNA APYITMX HEO6XO-
AVMBbIX BOMPOCOB.
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management in Northwest Russia, an integrated strategy
has been proposed enabling exemption of each operator -
within the acting regulatory framework and in a short space
of time - from the responsibility for their management, the
radiation safety standards in force being observed. Thanks
to the use of a compensation approach, the proposed
strategy is less expensive and is consistent with regulatory,
scientific and engineering requirements on regulation and
supervision of the said activities on the regional scale. Such
an approach, however, necessitates further more careful
structural analysis and feasibility studies to achieve an
optimal correlation of “minimal expenses — maximum safety
at each facility/site and in the whole region”. The strategy
implementation will also necessitate consideration of the
issues related to additional construction of industrial-waste
grounds at Saida LSF (subsurface/above-ground storages
for VLLW SRW) and in Severodvinsk (on the existing city dump
basis), specification of waste indices, upgrading of waste
assortment, packaging, compacting and shipment conditions
and solution of other related issues.
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