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PAAUALUOHHO-TUTUEHUYECKUE
U TEOSKONTOMMYECKUE KPUTEPUNA i
OUEHKWU BE3OMNMACHOCTU XPAHUNULL, PAO

RADIATION-HYGIENE AND GEOECOLOGICAL
CRITERIA FOR SAFETY EVALUATION

MHorvMe XpaHunuLia XUAKUX UM TBEPAbIX PaAUN0aKTUB-
HbIX OTXOA0B MOCTPOEeHbl B 60-X rogax NpoLUIOro Beka.
KoHCcTpyKumA, 3almTHble 6apbepbl U NPUHATaA B TO Bpe-
MA TEXHONOTUA KOHCEepPBALUU TaKUX «UCTOPUYECKUX»
XpaHuauw, PAO He oTBevaloT coBpeMeHHbIM TpeboBaHu-
AIM 3KONOrMYeckon 6e3onacHOCTU. XpaHWAUWA HyXKaa-
IOTCA B NPOBEAEHUN KOMI/ZIEKCA TEXHUYECKUX Meponpu-
ATUA ONA NOBbILWEHUA UX 3KCMJIYaTaLMOHHbIX XapaKTe-
pPUCTUK. B OCHOBY NMPUHATUA YNPaB/JEHYECKUX peLLeHUi
no ouyepegHOCTU U 06bemMy NPOBOAUMBIX PaboT L40MK-
Ha 6bITb NOJIOXKEHa CTeneHb NOTeHLUaNbHOMW ONAacCHOCTU
XPaHUAULL, A8 OKPYXKaloLLell cpeabl U HaceneHus. Takoe
paHKMpoBaHME MOKeT 6a3npoBaTbCA Ha KOMIMIEKCHOM
oL,eHKe 6e30MacHOCTU, PAacCYUTAaHHOM MO 3KOIOrMYECKUM
M TMrMeHUYECKUM KpUtepuam.

Bce KpuTepumn 6asmpytoTcsi Ha OCHOBHbIX MapaMeTpax, KoTopble
YC/TIOBHO MOXKHO Pa3AenvTb Ha LECTb rPYM, U XapaKTepusyoT COCTOS-
Hre maccvea PAO, MHMKEHEPHbIX M NPUpoaHbIX 6apbepos, 403bl U pu-
CKM 06/1y4eHUA HaceneHWs. ITO NO3BO/IUT NPOBOAUTL IKCNEPTU3Y Be-
POATHOCTV aBapUIHbIX COBLITUI M AaBaTb NPOTHO3HYHO OLIEHKY COCTO-
AHWA OKpyKatoLLel cpeapl [1-2]. OCHOBHble MapameTpbl KOHTPO/IA:

— CYyMMapHas v yaesbHas akTuBHOCTU TPO B XpaHUAULLE;

— OLLEHKa cocToAHUA maccuea PAO B XpaHW/MLLAX U UHKEHEpP-
HbIX 6apbepos;

— CKOPOCTb MWUIPaLyK PagMOHYKINAOB 33 NPeaeiaMmn XpaHu-
muy;

— MOLLUHOCTb 3DEKTUBHOW [03bl Y-M3/TyHeHUA Ha Tepputopumn
NPOMM/IOLLAAKN, HA TPAHULE CAaHUTAPHO-3aWMTHOW 30HbI (C33) 1
30HbI HabtoaeHuA (3H), B 30He HabnoaeHus;

— [03bl 06/1y4eHNsA HaceneHus (KBOTbI A/ BHELUHEro U BHY-
TpeHHero obnyyeHns);

— PUCK BO3HUKHOBEHWSA COMATUKO-CTOXaCTUYECKUX 3PDEKTOB.

A Take:

— BEPOATHOCTb aBapUMHbIX CODbITUN;

— MPOrHO3Has OLEeHKa CTENEHN PaIMALLMOHHOTO BO3AENCTBMA HA
OKPY»KatoLLYO Cpefly ¥ HaceNeHNE B 3aBUCUMOCTM OT PasHbIX CLiEHa-
puVeB pasBUTUA COBbITUIA.
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Many storage facilities for liquid and solid radioactive
waste were built back in the 1960s. The engineering de-
signs, containment barriers and conservation technol-
ogy that was normal back at the time of construction no
longer meet the current environmental safety require-
ments. These storage facilities are in need of a range
of technical measures to be undertaken in order to im-
prove their operational characteristics. Any managerial
decisions regarding the sequence and extent of such up-
grades should be based on the potential hazard that the
facilities represent to the environment and public. Such
ranking may be determined using the integrated safety
evaluation method based on a set of environmental and
hygienic criteria.

All criteria are based upon key parameters that can be conven-
tionally split into six groups and characterise the condition of the
mass of radwaste, engineered and natural barriers, and doses and
risks of public exposure. This enables probability assessment of ac-
cidental events and predictive environmental evaluations [1-2]. Key
control parameters are as follow:

—total and specific radioactivity of the SRW in storage;

— status assessment of the mass of radwaste in storage and con-
dition of the engineered barriers;

— rate of outer migration of radionuclides from the storage facil-
ity;

— effective dose rate from y-radiation within the storage site, at
the boundaries of sanitary protection zone and observation zone,
and within the observation zone;

— exposure doses to the public (quotas for external and internal
exposure);

—risk of occurrence of somatic-stochastic effects.

As well as:

—accidental events probability;

— predictive evaluation of the extent of radiation impact upon the
environment and public depending on the various event scenarios.

Depending on the level of risk that the facility represents to the
environment and public, the criteria are broken down into groups (A,
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Mo cTeneHn onacHOCTM 06BEKTA A1A OKPYXKAOLEN cpeapl U Ha-
ceneHun Bce Kputepum genatca Ha 5 rpynn (A, B, C, D, E) n oueHmBa-
toTcA No 6anbHOM cucTeme. B 3aBMCMMOCTUM OT cymmbl 6a/i/10B OHU
[DEenaATcs Ha NATb KaTeropuii — ot 6e30nacHoi A0 Ype3BblyaliHO onac-
HoW. Knaccudukauma npuseseHa B Tabamue.

rPYMNNAA: PA,CIMALIMOHHbIl‘;i U XUMUYECKUI

KOHTPOJ1Ib MACCUBA TPO

K Takmm KpuTepumam oTHOCATCA:

— BE/MYMHA YAENbHOM U CYMMApPHOM aKTUBHOCTU PAfUOHYKAN-
£08 B maccuse TPO (A );

— Hal4Me N KONMYECTBO YPAHOBbIX M TPAHCYPAHOBbIX 1eMeH-
108 (A,);

— KOHLIEHTPALMA N XMMUYecKaa Gopma HaxXOKAEHWUA PagUoHY-
Knnaos B maccuse TPO (A,).

OugeHKy cTeneHn NoTeHLUManbHOM 0NacHOCTU XpaHuauwa TPO
no Kputepuio A, u A, npessaraem NPOBOAUTL MO KO3GOULMEHTY
BesonacHocT K. BO3MOMKHbI HECKO/IbKO BapMaHTOB pacyeta K.
B 3aBMCUMMOCTM OT HaNMuMA MHOOPMALMKN NO KOHKPETHOMY Xpa-
HUAULLY.

Mo nepsomy BapuaHTy AONYCTUMOE COAEpKaHMe PaSUOHYKAN-
noB B PAO, 3axopaH1BaeMbIx B NpunoBepxHOCTHbIX N3P0, npusese-
HO B NpunoxkeHun 1 HIM-055-04 1 3aBUCKT OT KOHKPETHbIX XapaKTe-
pucTuk PAO (pagmoHYKAMAHOIO COCTaBa, YAeIbHOM aKTUBHOCTY, ne-
pvoaa NoTEHLMANbHOW OMACHOCTH, GU3MKO-XMMUYECKMX CBOMCTB).
Pacuer K1, nposogutcs no dopmyne:

_ i
Klg, =3 o)

rae A — cymmapHas akTMBHOCTb i-pagvoHykanaa 8 TPO, npuse-
[AeHHas K OA4HOW rpynne paiMoTOKCUYHOCTM, B COOTBETCTBUM C K/1ac-
cndukaumeit OCMOPB-99/2010, bk;

P, — Bonyctumoe coaepaHue i-pagnoHyknmaa B8 PAO, nsonu-
POBaHHbIX B MPUMNOBEPXHOCTHbIX XpaHuauwax (HM-055-04, npuio-
weHue 1), BK/m3, BK/r .

Mpw BTOpOM BapuaHTe pacyeTa UCXOZAT U3 TOTO, YTO CUCTeMa Ka-
TeropuposaHua 6asmpyeTca Ha NOTEHLMANbHOM CMOCOBHOCTU 06b-
eKTa ObITb NPUYMHON AETEPMUHUPOBAHHBIX 3PDEKTOB 1A 340pO-
BbA YeI0BEKa M OCHOBAHA Ha KOHLIEMUMM «OMACHOTO MCTOYHMKa»
(ecnm TaKol UCTOYHMK HE HAaXOAMUTCA MOA, AOMKHbBIM KOHTPOIEM, STO
MOKET NMPUBECTU K 06/1y4eHUNIO, LOCTaTOYHOMY 17 BOSHUKHOBEHMA
TAMKENbIX AeTePMUHUPOBAHHBIX 3ddekToB). KoHLenumsa «onacHo-
ro UCTOYHMKa» NpeobpasoBaHa B onepaLuMoHHble (paboune) napa-
METPbI NyTeM BbIYMCIEHUA TaKOTO KOIMYECTBA aKTUBHOCTU OTAE/b-
HbIX PaAVOHYKAMA0B (D-BeNNUMHBI), KOTOPOE MOYKET NMPUBECTU K TA-
KeNbIM AeTePMUHUPOBaHHBIM 3ddeKrTam Npu Hanbonee TUNUYHbBIX
cueHapuax 1 NyTax obayveHus.

KaTteropua onacHOCTU XpaHWUAMLLA 3aBUCUT OT D-BeIMUMHDI B CO-
oTeeTcTBuM C Tpebosanuamu PB-042-07, K2, paccunTbiBaeTcs no

dopmyne:
K2__ =) —
obe3 ZD” (2),

roe A — dbakTndyeckas akTMBHOCTb i-paguoHykanaa 8 TPO, Thk;

D — pekomeHA0BaHHOE MOPOroBOe 3Ha4YeHWe akTUBHOCTU AiA
JaHHOro pagnoHyknnaa (D-sennumHa), TEK.

Mo TpeTbeMy BapuMaHTy pacyeTa 3a OCHOBY KOMYECTBEHHOM
OLEHKM KpuTepues A, M A B3ATbl UX OTHOLIEHWA K COOTBETCTBY-
oMM BEAMYMHAM MUHMMA/IbHO 3HAYMMOM aKkTMBHOCTU — M3YA
(HPB-99/2009). Mpea/ioxeHHbIN NoKasaTenb YCTaHABAMBAET HUMK-
HIOIO PaHWLLY YAeNbHOM aKTUBHOCTU i-pagMOHYKAMAA, NPW NPeBbl-
LUEeHUN KoTopoM Ntoboi maTepuan ponkeH bbiTb oTHeceH K PAO.
Kputepun A n A, onpesenstoT KaTeropuio onacHoOCTU XpaHWImLLa
K3,., BblpaxkeHnem:
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B, C, D, E), and depending on its potential danger into five categories,
ranging from safe to extremely dangerous (see table).

GROUP A: RADIATION AND CHEMICAL

CONTROL OF CONTAINED WASTE

These criteria include:

— total and specific radioactivity of radionuclides in contained
waste (A);

— presence and quantity of uranium and transuranic ele-
ments (A,);

— concentration and chemical form of radionuclides in contained
waste (A,).

The extent of potential danger represented by the SRW storage
facility is proposed to be evaluated using the safety coefficient K__.
Several methods are available for calculating the K_, depending on
availability of information about the facility.

In the first method, permissible radionuclide content in the
waste disposed of in a near-surface repository is prescribed in
Attachment 1 to NP-055-04 and depends on specific character-
istics of the radwaste (radionuclide composition, specific radio-
activity, duration of time when the waste will remain potentially
dangerous, its physical and chemical properties). K1__ is calculated
using the formula 1:

A

Kl =25,

where A is total radioactivity of i-radionuclide contained
in the waste, deduced to a single group of radiation toxicity
(OSPORB-99/2010), Bg;

P, is permissible content of i-radionuclide in radwaste, isolated in
near-surface repositories (NP-055-04, attch. 1), Bq/m3, Bg/g.

In the second calculation method, the premise is that the cat-
egorisation system is based on potential capability of the facil-
ity to cause deterministic effects upon human health and in its
core lies the "dangerous source" concept (if such a source is not
placed under due control it can produce heavy enough exposure
to cause deterministic effects). The "dangerous source" concept
is converted into operational (working) parameters by calculation
of such amount of radioactivity produced by individual radionu-
clides (the so-called D-value) that can cause severe deterministic
effects in the most typical scenarios and pathways of exposure.

The danger category of a repository using D-value (RB-042-07), is
calculated through the formula 2:

Ai

Kzsaf = ZFH (2)’

where A is actual radioactivity of i-radionuclide in contained
waste, TBq;

D_is recommednded threshold radioactivity value for this radio-
nuclide (D-value), TBq.

In the third calculation method, the basis for quantitative evalu-
ation of the criteria A, and A, is derived from their relation to the
corresponding value of minimum significant radioactivity. The pro-
posed indicator sets the lower boundary for specific radioactivity of
the i-radionuclide, excess of which means that any material must be
classified as radwaste.

Criterion A, is determined by the following expression:

A,
Bur= 2 MSRA, (3),

where A is maximum specific volumetric radioactivity of the
i-radionuclide or transuranic i-radionuclide in the contaminated area,
Bag/kg or Bg/md.

The values of minimum significant radioactivity i and mini-
mum significant radioactivity Tm are assumed as prescribed by
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Aw‘

w=2 M3VA, (),

rae A, — MakcumanbHaa obbemHas yaenbHaa aKTMBHOCTb
i-paAMOHYKINAA MW TPAHCYPaAHOBOTO i-paguoHYKAMAA B Opeone
3arpasHeHns, BK/Kr v Br/m.

BenmunHbl M3Y, 1 M3yArpi npuseaeHbl 8 HPB-99/20009.
Mpepnaraetca cumTaTh XpaHuauvLLe 6e30MacHbIM, ecan 3HavYeHue
K1, K2, vK3__ Henpesbiwaer 1. Bo Bcex ocTanbHbIX Cyyasx pUck

6es’ 6e3

onpeaenaetca 6annamm onacHoCTU.

K3

FPYMMA B: COCTOAHUE 3ALLUTHbDIX

MHXEHEPHbIX BAPBEPOB XPAHUJ/TULLIA

K 3awwpTHBIM Bapbepam OTHOCATCA: TUM MATPUYHOTO MaTepuana
ona PAO, KOHCTPyKLMA coopyXeHua ana xpaHeHua TPO, KOHCTPYK-
UMA U MaTepuan KoHTeliHepa. OHM XapaKTepu3yroTCA CieayoLWwymm
KpuTepmuamm:

— MPOHMLIAEMOCTb MHKEHEPHbIX KOHCTPYKLMIA 0bbekTa (B,);

— CKOPOCTb BbILLENAYMBAHUA PAAMOHYKIMA0B M3 MaTpuLb
PAO (B,);

— 0bBogHeHHOCTb Maccusa PAO (B,).

Kputepum B, 1 B, OLEHMBAIOT NOTEHLMA/IbHYIO BO3MOMKHOCTb
pa3BUTMA NMPOLLECCOB BbILLENAUYMBAHMA PAAVOHYKANAOB U3 MaTPULLbl
PAO 1 pa3pyLueHna maTepurana UHKeHEPHbIX KOHCTPYKLLMIA, KOTopble
NOBbILIAKT PUCK MUTPaLMK PAAMOHYKANAO0B. besonacHbIi ypoBeHb
MO 3TVM MOKa3aTeNAM onpeaeneH No pesynsTataM MHOMONETHUX UC-
CnepoBaHuUi coctoanmA xpaHunuw, PAO n matemaTnyeckoro moge-
JIMPOBaHUA NpoLecca MUrpaLmm paavoHykanaos [3]. besonacHocTb
obbekTa byaet obecneyeHa B TOM C/y4ae, eC/iv 3Ha4YeHWe KpUtepms
B, ByaeT paBHO CTaHAAPTHOM BEMUYMHE NPOHMLIAEMOCTM LIEMEHTHO-
ro KamHsa (6eToHa) — n*10* M/cyT 1 He NPEeBbILLATL BE/IMUMHY CKOPO-
CTU BblLLE/Ia4MBaHKA i-paamoHykanaa n*103 r/cm?+cyT ns maTpuLbl,
onpeaensemyto no FOCT 29114-91 (kputepwii B,).

Hanunume soabl B maccuse PAO (KpuTepuit Ba) CBUOETENbCTBY-
eT 0 gerpagaumu bapbepa v xapaktepusyeTca U3MeHeHUeMm ypoBHS
TPYHTOBbIX BOZ, U X YAENbHON aKTUBHOCTK [5].

rPYNNA C: MUrpPALUA PAOUOHYKNTNAO0B

B OKPYXAIOLLEN CPEAE

K 37Ol rpynne OTHOCATCA TaKuMe KPUTEPUM, XapaKTepusyioLime
NPOLLECC PACMpPOCTPaHEHUs PASMOHYKAMAOB B OKpYXKaloLLeln cpe-
[e, KakK:

— CKOPOCTb MUTPALMKN PAfMOHYKINAOB B OKPYKatOLLEl cpe-
ae (C);

— BEIMYMHA 0OBEMHOW YAE/NbHOW aKTUBHOCTU B MPYHTOBbIX M
noBepxHOCTHbIX Bogax (C,);

— BE/IMYMHA BbIXOAA i-PagmMOHYKAMAA U3 XPaHUAULLA HA Teppu-
TOPMIO MPOMIMJIOWAAKM, KOTOPasA XapaKTepm3yeTca OTHOCUTE/TbHbIM
nokasatenem murpaun K (C,);

— BE/IMYMHA BbIXOAA i-PafMOHYKIMAA C TEPPUTOPUN NMPOMMJIO-
WAAKM, KOTOpas XapaKTepusyetcsd OTHOCUTE/bHbIM KoadduuMeH-
Tom murpaumn K pagmnonykingos (C,);

— MOLLHOCTV 3KBMBA/IEHTHbIX A03 y-U3nydeHus (M3, M) Ha no-
BEPXHOCTV B 3aBMCMMOCTV OT KaTeropum TeppUTopun: ANA Teppu-
TOpMM XpaHuanLy, PAO 1in 30HbI BO3MOXHOTO 3arpasHerus (C,), Ha
rpaHmue C33 1 3H (C), Ha Tepputopum 3H (C);

— BOAOHACbILLEHME BMELLAoLLMX Nopoa 61mKkHe 30HbI (C,);

— COpbUMOHHbIE NapaMeTPbl BMELLAoLLIMX Nopoa, 6anMKHel 30-
Hbl xpaHnanwa (C,);

— GUNLTPALMOHHbIE XapaKTEPUCTUKM BMELLAIOLLLMX NOpPOoa, 6/1M3K-
Heln 30Hbl 0bbekTa (C ).

BesonacHbIi yposeHb no kputepuam C-C, 6bin onpeaeneH npu
BbINOJIHEHWUM UCCeA0BAHUIA NO MUTPALLN PASUOHYKANOB BO BMe-
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NRB-99/2009. It is suggested that the repository can be considered
safe if the values of A, and A, do not exceed unity. In all other cases,
the risk is determined by the points of danger.

GROUP B: STATUS OF ENGINEERED PROTECTIVE

BARRIERS IN THE REPOSITORY

Containment barriers in a repository include: the matrix material
that encloses the waste, design of the solid waste repository, design
and material of the container. These are characterised by the follow-
ing criteria:

— permeability of engineered structures in the repository (B,);

— rate at which radionuclides leach from the waste matrix (B,);

— water content in the contained waste (B,).

The criteria B, and B, evaluate the potential for development
of leaching processes removing radionuclides out of the waste ma-
trix and deterioration of the engineered structures material, thus
increasing the risk of radionuclides migration. Safe levels for these
indicators are determined from the results of many years of re-
search of the repository status and mathematical modelling of the
radionuclides migration processes [3-5]. Safety of the repository is
ensured in the event that the value of criterion B, is equal to the
standard permeability value of cement rock (concrete), i.e. n¥10*
m/day, and of criterion B, to the GOST-29114-91 prescribed value
n*1073 g/cm?*day.

Presence of water in contained waste (criterion Ba) is evi-
dence that the barrier has degraded and is characteristic of
changes in the level of ground water and their specific radioactiv-
ity levels [5].

GROUP C: RADIONUCLIDE MIGRATION

INTO THE ENVIRONMENT

This group includes criteria that characterise the process of radio-
nuclides dissemination in the environment, such as:

— rate of radionuclides migration in the environment (C );

— volumetric specific radioactivity value in ground and surface
waters (C,);

— relative migration factor K ., which characterises removal of
the i-radionuclide out of the repository onto the site (C,);

— relative migration factor K _of radionuclides from outside the
site (C,);

— equivalent dose rates from y-radiation on the surface depend-
ing on land category: for the repository site or zone of potential con-
tamination (C,), at the boundary between sanitary protection zone
and observation zone (C), and within observation zone (C);

— water saturation of host rock in the near zone (C,);

— sorption parameters of host rock within the near zone of the
repository (C,);

— filtration characteristics of host rock within the near zone of
the repository (C, ).

Safe levels for the criteria C,-C, was determined from research
of radionuclides migration in host rock within the near and far
zones, for the criteria C; and C,; on the basis of field studies and
results of physical and mathematical modelling of radionuclides
dissemination in host rock and sorption capacity of various types
of rock. Maximum sorption capacity (criterion C,) is characteris-
tic of clayey rocks (loams and clays), where it equals n*10° Bq/
kg. Such high sorption ensures maximum containment of the ra-
dionuclides migration process into the environment [4]. As maxi-
mum rate of radionuclides dissemination into the environment
occurs with filtration flows of ground or surface waters, the safe
level for the criterion C, was determined based on a safe rate
of liquid phase seepage through host rock within the near zone
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KOMMNEKCHAA OLEHKA CTEMEHU NOTEHLMAILHOM ONACHOCTU XPAHU/TULLLA

B 3ABUCUMOCTHU OT PA3JZINY4HBIX KPUTEPUEB ONACHOCTH

INTEGRATED SAFETY EVALUATION OF WASTE REPOSITORIES DEPENDING ON VARIOUS CRITERIA

Mpynna C
Group C criteria

KMxp/Krmf KMC/ KMC

Kareropusa
onacHocTn
Hazard
category

fpynna A
Group A criteria

KGe; / Ksa] A/ D

BesonacHas A/D<107?

Safe

107< K, <10* 0,1<K  <0,5 K. .<0,1
e3 MXp MC

Hwu3kasn 10%<A/D<1

Low

10'< K, < 10 0,5<K, <1

— M

1<A/D<10° 1<K <3

MXp

OnacHasa
Unsafe

10°< K, <107 0,5< K, <1

OueHb onacHas 10<A/D<10?

Very unsafe

10’< K, <10% 3<K,,,,<5 1<K, <3

YpesBblyaitHo A/D>10°
onacHas
Extremely

unsafe

K,,.210% 5<K, <10 3<K, <5

Equivalent
exposure

usv/hour

0,1<K,,<0,5

of the repository site and
determined by the rate of
spreading of the contam-
ination area of a few cen-
timetres a year. Filtration
and sorption capacities
of natural (geological)
barriers coupled with
reliability of engineered
barriers (provided that

lpynna E
Group E criteria

pynna D
Group D criteria

M34 K, K . BK/Kr
MK3B/u K, Bq/kg

3¢. posa
AN HaceneHusn,
m3s/rog,
Effective expo-
sure dose,
mSv/year

dose,

03<P<0,6 05¢K <1 0,1<D<0,3 they maintain their pro-
tective properties for

0,6<P<1 1<K <5 0,3<D<1 the entire duration of
repository life) should

1<P<3 5<K <10 1<D<5 prevent the spreading

of radionuclides into the

3<P<10 10<K <50 5<D<10 environment. The quota
for internal exposure

P>10 K >50 D>10 from ground or surface

water (C,) is controlled
by interference level and
implemented through a

WwakoLwx nopogax 6/nxHen 1 fanbHei 30H, no kputepuam Cou C
— Ha OCHOBe HaTypHbIX UCCef0BaHWI U pe3ybTaToB GpuanyecKo-
ro ¥ MaTemaTU4yecKoro MOAEIMPOBaHNA PacnpoCcTpaHeHWsa pagmo-
HYK/IMZ0B BO BMELLAIOLLMX NMOPOAAX, @ TaKXKe COPOLMOHHON emKo-
CTW Pa3/INYHbIX FOPHbIX Nopoa,. MaKcumanbHOW CopbLMOHHON em-
KOCTbHO (KpuTepuin C) XapaKTepusyloTca MMHUCTbIe nopoabl (mu-
Hbl U CYMIMHKKM) — n*10° BK/Kr. MpK TakMX 3HAUYEHWAX NMPOUCXOAUT
MaKCUMa/IbHOE CAEPXKMBAHWE MpPoLecca MUrPaLMn PaguoHYKAN-
[OB B OKpy:Katollen cpese [4]. B cBA3W € Tem, YTO MaKCMMa/ibHan
CKOPOCTb PacnpoCTPaHEHUA PASUOHYKANAOB B OKPYKatoLen cpe-
Ae obycnosneHa GUALTPALMOHHBIM MOTOKOM FPYHTOBbIX WK MO-
BEPXHOCTHbIX BOZ, 6e3onacHbliii yposeHb no Kputepuio C, onpe-
[eneH Ha OCHOBaHMM 6e30MacHOM CKOPOCTU GUABTPALMM KUAKON
¢$asbl BO BMeLLAOLLMX NOpogax 6mxKHen 30Hbl 06beKTa 1 onpeae-
NIAETCA CKOPOCTbIO PAcnpOCTPaHeHMA apeona 3arpAsHEHNA B Teye-
HWe roga. PUABTPaLMOHHbIE U COPOLIMOHHbBIE CBOMCTBA €CTECTBEH-
HbIX (reonormyecknx) 6apbepoB U HaZeXHble NHKeHepHble Hbapbe-
pbl (MpY ycNoBMKM coXpaHeHUA 3aLUMTHBIX CBOWCTB Ha BECb Nepuos,
3KCMJyaTalLMm) LO/MKHbI NPENATCTBOBaTh BbIXOAY PaAMOHYKINAOB B
OKpY»KatoLLyto cpeay. BenmunmHa o6beMHOMN yaebHON aKTUBHOCTU
B FPYHTOBbIX 1 MOBEPXHOCTHbIX BOgaX (C,) KOHTpO/MpPYeTCa cpasHe-
HWEeM C ypOBHEM BMeLLATeNbCTBA /1A KaXKA0ro PagvoHYKAMAA, YKa-
3aHHbIM B HPB-99/2009, 1 peannsyeTca B BUAE KOHTPOJ/IbHbIX YPOB-
Hel ANA Kaxaon TeppruTopun B 3aBUCUMOCTH OT HaMepeHUit ee Mno-
CNefytoLLero UCnob30BaHNUA. 3T KpUTEPUU ABNAKOTCA OCHOBHbBIMM
[O17 OLEHKM CTeneHn BO3AeMCcTBMA 0O6BEKTA Ha OKPYKALOLLYIO cpeay.

BennumHa BbIxoAa i-paflMOHYKAMAA U3 XPAaHUVWLLA Ha Teppu-
TOPMIO NPOMMNIOWAAKKM C, XapaKTepu3yeTcA OTHOCUTENbHBIM MO-
KasaTenem murpauum us xpaHuauuw@a K u paccuntbisaetca no
dbopmyne:

— Ai

Kuw =25y (@),

rae A — yAenbHasa akTMBHOCTb i-pafMoHYKAMAa B Boae Haboaa-
Te/IbHOM CKBaXKMHbI B B/IMMKHEN 30HE XpaHUAuLLa, br/n;

KY — KOHTPO/IbHbI YPOBEHb YAENbHOM aKTUBHOCTU i-PaaMOHYK-
Nnaa B BOAE, MPUHATBLIA Ha MPOMMNOLLAAKE Npeanpuatua, br/na;
npu 3TOM AO/MKHO cobntogatbea yenosme KY > YB (npu oTcyTcTBumM
KY MO*KHO Mcnonb3osaTb 3HaveHus YB).

BesMumHa BbIXOAa i-pafMOHYKAMAQ C TEPPUTOPUM MPOMMIO-
waakn C, XapaKkTepusyeTca OTHOCUTENbHBIM KOIGOULMEHTOM MU-
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number of reference levels of radionuclides (NRB-99/2009) for
each land territory, depending on its intended use. These criteria
from the basis for evaluation of the impact that the repository
produces upon the environment.

Relative migration factor K characterises the value of the
i-radionuclide release from the repository and is calculated using
the formula:

PR

RL (4),

where A is specific radioactivity of the i-radionuclide in water
collected from an observation well located within in the surrounding
zone of the repository, Bg/litre;

RL is reference level of specific radioactivity of the i-radionu-
clide in water adopted for the site, in Bg/litre; on the premise
that the condition "reference level > interference level" is met
(when no separate reference level is set, interference level may
be used).

Relative radionuclides migration factor from the site K , is calcu-
lated using the expression:

K =y A

e RL (5),

where A is specific radioactivity of the i-radionuclide in water of
an open body of water on the boundary between the sanitary pro-
tection zone and observation zone, deduced to group A or B (at the
point of release into a drain system npuBegeHHan K ogHoM rpynne
pagmoToKenyHoctH), Bg/litre;

RLis interference level for the i-radionuclide in water at the point
of release into a drain system, Bqg/litre.

GROUP D: TYPES AND EXTENT

OF IMPACT UPON THE PUBLIC

AND ENVIRONMENT

Group D includes the following criteria:

— extent of host rock contamination with radionuclides (D,);

—level of host rock and top soil contamination in the near and far
zones of the repository with radionuclides (D,);

—equivalent dose rate value on the site surface, zone of contami-
nation, sanitary protection zone and observation zone (D,).

The criterion D, characterises the scale of host rock contami-
nation with radionuclides. It is determined by the following ratio:
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rpaumm pasroHyKAMA0B C TEPPUTOPUM NPOMMIOWAAKM K 1 Bbl-
YMUCNAETCA TaK:
— Al'

Ke=X VB (5),

rae A — yAeNbHas akTMBHOCTb i-pafMOHYKINAA B BOAE OTKPbI-
TOro Bogoema Ha rpanumue C33 1 3H, B Touke cbpoca B cuctemy Bo-
[00TBOAA, NPUBEAEHHAA K OAHOM rpyrne paamuoTOKCMUYHOCTH, BK/A;

YB — ypoBeHb BMELUATeNbCTBA i-PaAMOHYKIMAA B BOAE B TOUYKE
cbpoca B cuctemy BoAOOTBEAEHMS, BK/N.

FPYNMNA D: BUAbl U CTENEHDb BO3ﬂ,EﬁCTBMﬂ
OBbEKTA HA OKPYKAIOLLYIO CPEAY U HACEJIEHUE
lpynna D Bk/AtOYaeT cneaytoLme Kputepum:

— MacwTab 3arpsA3HEHWA PAgMOHYKIMAAMM BMELLAIOLMX No-
poa (D,);

— YPOBEHb 3arpA3HeHUA PASNOHYKAUAAMWN BMELLAIOLLIMX MOPOA,
Y BEPXHErO C/10A NOYBbI B B/MKHel v fanbHel 30He xpaHuauw, (D,);

— BesimunHa M3/, T Ha noBepxHOCTM OOBEKTa, TEPPUTOPUN
30HbI BO3MOXHOTO 3arpasHerus (3B3), C33 u 3H (D,).

Kputepuin D, xapaktepusyeT maclitab 3arpAsHeHUA PaguoHy-
KAMZamu BMELLAIOLLMX NOPOA, U onpeaensetcsa no popmyne:

Vi e100%
PAO (6)1

rae V. — obbem 3arpasHeHHOro rpyHTa, M*;

VPAO — 06bem PAO, pasmelLLEHHDbIX B XpaHUIMULLE, M3,

KpuTepuit D, paccunTbiBaeTcA B MpoLeHTax 1 6e3omnacHblii ypo-
BEHb [O/IKEH CTPEMUTCA K HY/IHO.

Kputepuii D, onpegenseTca asymsa napameTpamm (1 meHaeTcs
B 3aBMCUMOCTU OT KaTeropum TePPUTOPUM): YAENbHON aKTUBHOCTbLIO
i-palMOHYKNINAA B 3arpA3SHEHHOM rpyHTe M 3HaveHuto M3YA ana
i-pafiMoOHYKAMAA B COOTBETCTBMM C NpuioxKeHnem 4 k HPB-99/20009.
MpeanoKeHHbI MOKasaTeNb YCTAHAB/MBAET HUMKHIOW TPaHULY
YOENbHOW aKTUBHOCTU i-paiMOHYKANAQ, MPU NPEBbILLEHUU KOTO-
poii ntoboit matepuan otHocuTeA K PAO. Kputepuin D, xapaktepusy-
€T cTeneHb 3arpsA3HeHUA rpyHTOB BMKHEN 30HbI M NOKa3blBaeT Mno-
TeHLMaNbHbIN PUCK GOPMUPOBAHMA MCTOUHUKA BTOPUYHOIO 3arpAs-
HeHUWA OKpYKatoLLen cpeapl.

Kputepuii D, onpeaensieT BbipaxeHue:

v A

D=3 M3YA. (7),

rae A, — yAeNbHas akTMBHOCTb i-PagMOHYKNNAA B FPyHTE Opeo-
Na 3arpsisHeHus, BK/KT.

TeppuTopua BOKPYr XpaHUAULLA cuuTaeTcs besomnacHol, ecam
3HaueHune D, n D, He npesbiwaeT 1. B otae/ibHbIX Ciyyasx KaTero-
pVPOBaHWE CTeNeHW 3arpA3HeHUs rPyHTOB BAMMKHEN 30HbI MOXKHO
NPOBOAMUTb B CPAaBHEHMM C KpUTEPUEM OTHECEHMA K O4EHb HU3KOAK-
TMBHbIM 0TX0gaMm (OHAO); D, paccunTbiBaeTcs no popmyne 8:

v
’ AOHHO (8)1

rae A, —yAenbHas akTUBHOCTb i-PafMoHYKNMAR B rPYHTe opeona
3arpAsHeHns, BK/Kr namn br/m3;

Aqno ~ YAE/IbHAA aKTUBHOCTb i-pafIMOHYKINAA B COOTBETCTBUM C
KpuTepuem oTHeceHus K OHAO (CM 2.6.6.2572-2010).

Mpn HenssecTHOM pagmnoHykamgHom coctase OHAO sas-
NIAIOTCA NPOMbILWIEHHbIE OTXOAbI C YAENbHOW B-aKTUBHOCTbLIO
0,3-100 KBK/Kr, nnu ¢ yaenbHoi a-aktusHocTtbio 0,3-10 KBK/Kr,
WU C codepXKaHuem TpaHCypaHOoBbIX paguoHykaungos 0,3-1,0
KBK/Kr. Mp1 N3BECTHOM PAAMOHYKIMAHOM COCTaBE OTXOAbI OTHO-
catca K OHAO, ecnn Ux cymmapHas yaenbHas akTUBHOCTb 60/1b-
we mam pasHa 0,3 KBK/KT, a BEPXHAA rpaHML,a aKTUBHOCTM onpe-
AenaeTcA CyMMOM OTHOLUEHWUI yAe/bHOW aKTUBHOCTU pPafUOoHY-
KNMAos K ux M3YA; cymma He AomKHa npesbiwaTth 1.

D, =

BE3OMACHOCTb AZEPHbIX TEXHONOTUI U OKPYXKAIOLLLEEN CPEAbI
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l)] — ‘/(:011 .IOOOA)
VRW (6)1

where V__is contaminated soil volume, m?;

V., is volume of radwaste contained in the repository, m>.

Safe level of criterion D, is expressed as percentage and must be
as close to zero as possible.

Criterion D, is determined by two parameters: specific radioactiv-
ity of the i-radionuclide in contaminated soil and minimum significant
radioactivity value for the i-radionuclide. The proposed indicator sets
the lower boundary for specific radioactivity of the i-radionuclide, ex-
cess of which means that any material must be classified as radwaste.
Criterion D, characterises the extent of soil contamination within the
near zone and potential risk of formation of a secondary contamina-
tion source for the environment.

Criterion D, is determined through the expression 7:

A,

b.=% MSRA; (7),

where A is specific radioactivity of the i-radionuclide in soil with-
in the contamination zone, Bg/kg.

It is suggested that the land around the repository site can be
considered safe if the values of D, and D, do not exceed unity. In cer-
tain cases, D, can be calculated using the formula 8, categorisation
of soil contamination within the near zone is performed using the
criterion for classification as very low-level waste (VLLW):

D. = AV[

*VLLW (8),

where A, is specific radioactivity of the i-radionuclide in soil con-
tamination area, Bg/kg or Bg/m3;

VLLW is specific radioactivity of the i-radionuclide in accordance
with the criterion for classification as VLLW (SP 2.6.6.2572-2010).

When radionuclide composition of the waste is unknown,
VLLW classification is assigned to any industrial waste with spe-
cific value of B-radioactivity within 0.3-100 kBqg/kg, or with specific
values of a-radioactivity within 0.3-10 kBq/kg, or with transura-
nic radionuclides content within 0.3-1.0 kBg/kg. When radionu-
clide composition of the waste is known, VLLW classification is
assigned to waste if its total specific radioactivity equals to or
exceeds 0.3 kBg/kg, while the upper boundary of radioactivity is
determined by the total of ratios of specific radioactivity values of
radionuclides to their minimum significant specific radioactivity
value: the total must not exceed unity.

For the criterion D,, equivalent dose rate from g-radiation on the
repository surface, contaminated site territory, at the boundary be-
tween the sanitary protection zone and observation zone are deter-
mined, which are listed in the table.

GROUP E: SOCIAL AND PSYCHOLOGICAL

IMPACT UPON THE PUBLIC

The criteria in this group may under certain circumstances be-
come decisive for determination of the sequence of repository cat-
egorisation by their danger level. These include:

—distance from the repository to the nearest human settelement
and sources of water supply (E,);

— perception of the repository among the local public (E,);

— evaluation of exposure doses to members of the public (E,);

— availablity of physical protection and restricted access arrange-
ments on the repository site (E,).

The safe level for criterion E, is determined as distance in ex-
cess of 30 km. This value is determined on the basis of analysis of
available literature about radionuclides migration in geological for-
mations and the results of mathematical modelling of radionuclides
dissemination.
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3a 6e30MacHbIin ypoBeHb MO KpuTepuio D, NPUHATO 3HadeHue
MOLLHOCTW 3KBMBA/NIEHTHOM [03bl y-M3nyderus (M3 M), pasHoe
¢boHoBOMY MOKasaTento AN AaHHOM TeppuTopun. Mo kputepuio D,
MOYHO NPOBECTM pernameHTaumo M3/, N'M Ha noBepXHOCTU XpaHu-
v, PAO, Tepputopumn npomnaowaaku, B 3B3, Ha rpanmue C33 m 3H
(cm. Tabnuuy).

rPYMNNA E: COUUMANBbHO-NCUXONTOMTMYECKOE

BO3JJ,E[;1CTBME HA HACE/NNEHUE

Kputepuun 31Ol rpynnbl NpU ONpeaeneHHbIX YCIOBUAX MOTYT
UrpaThb IN1IaBHYHO PO/b NPU ONPEAENEHNMN O4EPELHOCTU KaTeropupo-
BaHMWsA XPaHUAWLL, MO CTENEHM ONacHOCTU. K HUM OTHOCATCA:

— paccTosHue 06beKTa A0 HACeNEHHOTO MyHKTa U MCTOYHUKOB
BogocHabwerwA (E,);

— OTHOLLEHME MECTHbIX YKUTENEN K PasMELLEHUIO XPaHWUIULLQ
PAO Ha aaHHoi Tepputopun (E,);

— OUeHKa A03 061y4eHua Hacenenus (E,);

— Hamune GU3MYECKOM 3aLUMTbI M OrPaHUYEHNA JOCTYNA Ha Tep-
putopuio obbekTa (E,).

3a 6esonacHblil yposeHb 06bekTa E;, npuHaTo pacctoaHue 6onee
30 Km. ITa BE/IMYMHA YCTAHOB/IEHA Ha OCHOBE aHaNN3a AaHHbIX /in-
TepaTypbl O MUTPALMKW PALMOHYKINAOB B reosornyeckmx popmay-
AX U pesynbTaToB MaTeEMATUYECKOr0 MOAENNPOBAHWSA PacnpocTpa-
HEHWA PaaVOHYKANAOB.

Kputepuii E, paccmatpusaeTca no ciegytowemy Habopy pede-
PEHTHbIX cLieHapreB 06/1y4eHUs, COOTBETCTBYIOLLMX I1aBHBIM MyTAM
bopmMMpPOBaHMA [,03 BHYTPEHHETO U BHELLHErO 06/1y4eHus:

— MOCTyN/IeHNe PaANOHYKINIO0B C NUTLEBOI BOAOM;

— MOCTyN/IeHWE PASUOHYKANIOB C MPOAYKTAMM NMUTAHUS;

— VHraNALMOHHOE NOCTyM/eHuE;

—BHeLlUHee y-06/1y4eHune, ANUCTAHLMOHHOE U KOHTaKTHOe B-06.y-
YEHWE KOXKMY;

— 3arNaTbIBaHWeE NblIW, BOAbI NPU KYNaHUU U T4,

Kputepuii E, umeeT KayecTBeHHbIN xapaktep. B 60/1bWwunH-
CTBE C/ly4YaeB OH MOXET BbiTb OnpeseneH TONbKO ABYMsA MOKa-
3aTensamu:

— dpuM3mMyecKan 3aLLmMTa €CTb, HECAHKLLMOHMPOBAHHBIW AOCTYN Ha
TEPPUTOPUIO 3aKPbIT — 6E30MACHbIN YPOBEHD;

— PM3MYeCKoN 3alWTbl HET, HECAHKLMOHMPOBAHHbIV AOCTYN Ha
TEPPUTOPUIO BO3MOMKEH —YpPE3BbIHYaNHO OMACHbIN YPOBEHb.

k k 3k

MpW OKOHYaTEeNIbHOW OLEHKE CTeneHu NoTeHLMaNbHOM onac-
HOCTM MPUMNOBEPXHOCTHbIX XPaHWAULL, 6an/bl NO KaXA0oMy NoKa-
3aTe/Nt0 CYMMMPYHOTCA, AENATCA Ha KONMYECTBO UCMO/b3yeMbIX Mo-
KasaTesiei, 1 AenaeTca BbIBOA O CTENeHN PagnaLMoHHON OnacHo-
cTW.

Bce npea/ioxKeHHble KpUTEPUM YCIOBHO Pa3gefieHbl HAa KpUTK-
yeckue (A-A,, C-C, D-D,, E-E,) n gononHutensble (A, B -B,, E,).
Kputnyeckne Kputepmm MUCNoAb3yoTCA MPW BbIMNOAHEHUM OCHOB-
HOTO 3Tana PaHXMPOBAHWA OOBEKTOB MO CTEMeHM OMaCHOCTW.
[JononHuTeNnbHble CAYKaT A/15 BblaeneHUa Hanbonee onacHbIX 06b-
€KTOB, KOTOpble MO UTOraM OCHOBHOTO 3Tana Habpanu ogMHaKoBoe
KonunyecTtso 6annos.

MpeanosKeHHble KPpUTEPUM U aNfOPUTM PaHMKMPOBAHUA MOryT
6bITb MCMO/Ib30BaHbl MPU OLEHKE CTENEeHM OMacHOCTU Pas/INYHbIX
06BEKTOB XpaHEHWNA PaAMOaKTUBHbIX OTXOA0B (OTBAsIOB, XBOCTO- U
LUTAMOXPaHMAMLL, MPUMNOBEPXHOCTHbLIX XPaHWANUL, U T.4.). 15 Kop-
PEKTHOCTM CPaBHEHMA MOMYYEHHbIX PEe3y/bTaToB NPU PaHMKMPOBa-
HWUM Pa3/IMYHbIX 0B EKTOB AO/MKHbI ObITb MPUMEHEHbI OAHW U TE XKe
KpUTEPMM ONACHOCTH, NPY 3TOM He 0653aTeNbHO UCMO/b30BaTb BCe
roKasaTtenu.
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The criterion E, is considered using the following selection of
reference exposure scenarios that correspond to key pathways for
internal and external exposure:

—radionuclides intake with drinking water;

— radionuclides intake with food;

—inhalation;

— external exposure to vy-radiation, distant and contact
B-irradiation of the skin;

—ingestion of dust, water while swimming, etc.

The criterion E, is qualitative in its nature. In the majority of cases,
it can be determined using only two indicators:

— physical protection is in place, unauthorised access to the re-
pository site is prevented — safe level;

— physical protection is not in place, unauthorised access to the
repository site is possible — extremely unsafe level.

* %k k

For final evaluation of the extent of potential danger represented
by near-surface waste repositories, the points are summed up, divid-
ed by the number of indicators used, and conclusion is further drawn
regarding the level of radiation hazard.

All proposed criteria are conventionally divided into critical (A -
A, C-C, D-D,, E-E.) and additional (A,, B,-B,, E,). Critical criteria
are used for the main phase of repository ranking by level of haz-
ard. Additional criteria are used to identify the most dangerous sites
among those that scored the same number of points at the end of
the main phase.

The proposed criteria and ranking algorithm may be used for
evaluation of the extent of danger posed by various repositories
where radioactive waste is stored (dumps, tails and sludge heaps,
near-surface repositories, etc.). In order for comparison of the ob-
tained results to be performed correctly, different sites must be
ranked using the same hazard criteria; it is not necessary to use all
of the indicators.
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