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® B teyenue 50 net 'Y MocHINO «Papon» ycnewu-
HO BbINONHAET 3ajauu nNo 6e3onacHomy fonroBpe-
MEHHOMY XpaHeHUI0 PajM0aKTUBHbIX OTXOAO0B Ha
cgoeii nowaaxe. Cneumanuctbl NpeanpuATUA ca-
MOCTOATENbHO AHANN3UPYIOT BO3HMKalOLLMe Npo-
6nembl 1 HaxoAAT 3P PeKTUBHbIE TEXHNYECKMNe peLleHns, Ha-
npaBJieHHblIe Ha YNyyLueHe 3K0ornyeckoii 06CTaHOBKM Kak
Ha caMoii MNIoLLAAKe, Tak 1 Ha NpUeratoLLyX TeppUTOpUAX.

YdacTKH [T pa3MerieH s TPUTIOBEPXHOCTHDBIX XPAHTIHTI]
PaZIOAKTIBHBIX OTXOZIOB (B TO BpeMsI — MOTHIBHUKOB PAO)
BoiOupauch B Havase 1960-x rogos. CrienpasbHbIX HOpMa-
TUBHBIX JOKYMEHTOB, PETJIAMEHTUPYIOMIIX BHIOOP TUIOMIAOK,
B 9TO BpeM ellie He CYTIeCTBOBAIIO.

JLis IpetoTBpaIIeHIs BBIXO/IA PAINOHYKIIUIOB B OKPYsKa-
T0ILyT0 cpezty ipu pasMeniennn PAO 1Cosb30BaImuch 3aIiuT-
HbIE CBOMCTBA MHIKEHEPHBIX U T€0JIOTMYECKIX OAPhePOB.

Boi6op reosmorndecknx 6apbepoB IIPOU3BOAUIM, B IIEP-
BYIO OYepe/ib, NCXO/sl M3 NPUHIIMIA TIPEJOTBPAIIEHNUST 110-
Ta/IaHUs PIMOHYKJIN/IOB Yepe3 30Hy asapalliy B TIEPBbIii OT
TTOBEPXHOCTH BOJIOHOCHBII TOPU30HT 32 CYEeT BEPTHKAJIBHO-
r0 MHPUIBTPAIIMOHHOTO TTI0TOKA. COTJIACHO TaKOMY MOJIX0-
[Ty, TIPUTTOBEPXHOCTHBIE XPAHUJININA JIOJDKHBI PACIIoaraTh-
51 BO BMEMIAIONINX OPOJIAX, IPE/ICTABIEHHBIX IIMHUCTBIMI
MUHePAJIAMH, KOTOPbIe 00JIa/Ial0T HU3KOH BOAOIPOHUIIAEMO-
CTBIO ¥ GOJBINON COPOIIMOHHON eMKOCTBIO. [Topozam 30HbI
aspary OTBOUIACDH POJTH TJIABHOTO TTPHPOHOTO 3aINUTHO-
ro Gapbepa.

Kpowme Toro, 1ipu BbIG0pE IJIOIAL0K /Il CTPOMTENBCTBA
[IPUITOBEPXHOCTHBIX XPAHWJIMIIL M3HAYAIBHO YUUTHIBAIU TH-
JIPOTEOJIOTMYECKUE YCIOBUSL: XPAHIIIMIIA OJDKHBI ObLIN pac-
T0JIATATHCST HA HE3ATOILISIEMBIX 1 HE3200JI0UEHHBIX YIACTKAX C
HU3KUM YPOBHEM IPYHTOBBIX BOJI, C TOJIIMHOM BOJOYIIOPHBIX
(TJIMHUCTBIX ) OCAIOYHBIX TTOPojL He Meree 20 M u He 6rske 500
M OT OTKPBITBIX BOJIOEMOB.

NPOTHO3HbIE PACYETbI 9KOJIOTMYECKON BE3OMACHOCTH

OnmcaHHbIi BBIIIE TIOAXOA WMCIIOJIB30BAIU NIPU BBIOOpE
IIIOMIAJIOK JIIT CTPOHMTENILCTBA Ha Tepputopuu Poccutickoit
Dezieparium CrienKOMOUHATOB CUCTEMbI «PajioH».

B kauecrse mpumepa B Tabmie 1 mpuBeseHn OCHOBHbIE TH-
JIporeoJiornyeckue Xxapakrepuctuku (Ha Hadaso 1960-x roioB)
HECKOJIBKUX TUIONIA0K CriellkoMOuHaToB B [leHTpasbHoM,
[ToBomkekom 1 IO:xHOM permonax. Bee oM pasmerteHbl B
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m Qver the past 50 years, SUE Radon Moscow has
been successfully providing safe long-term storage
of radioactive waste on its site. Specialists of the
company can independently analyse any occurring
problems and identify the most effective technical
solutions to improve the environmental situation both on the
site itself and in the surrounding territories.

Locations for near-surface storage facilities for radioactive
waste were selected in the early 1960s. At the time, there were
no special regulations to govern the site selection process.

For prevention of discharge of radionuclides into the envi-
ronment during radwaste storage, the protective capabilities of
engineered and geological barriers were relied upon.

The choice of geological barriers was made primarily fol-
lowing the principle of prevention of radionuclides migration
through the aeration zone into the first aquifer from the surface
as a result of vertical infiltration flows. According to this ap-
proach, near-surface storage facilities must be located in bear-
ing rocks consisting of clayey minerals, which have low perme-
ability by water and high sorption capacity. Aeration zone rock
was expected to play the role of the main natural protective
barrier.

Apart from that, the choice of sites for the construction of
near-surface waste storage facilities had to factor in the hydro-

ATmocdepHble ocaskm
Atmospheric precipitation

Xpanunuwe PAO
Storage facility
3ok aspa MH¢MﬂbnT([))Ta(;.lKM0HHbIVI
Aeration zone Infiltration flow

BonoHOCHDI Fopu30HT
Aquifer

Puc. 1. CueHapuin nepemelLeHnsa pagnuoHyKIugoB C MHOUIBTPALVIOHHBIM
MOTOKOM
Fig. 1. Scenario of radionuclides transfer by infiltration flow
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TABJIALIA 1. TUAPOTEONOr MY ECKME XAPAKTEPUCTUKIM MOPOJ 30H ASPALIUU NNOLLAOK CK CUCTEMbI «PAZJOH» (HEHAPYLLIEHHDBIE NTOPO/IbI)
TABLE 1. HYDROGEOLOGICAL CHARACTERISTICS OF AERATION ZONE ROCKS ON THE FORMER RADON NETWORK SITES (UNDISTURBED ROCK)

Tupporeonornyeckne napamerTpbl
Hydrogeological parameters

MoLHOCTb NOPOoZ 30HbI a3paLnn, M

Thickness of aeration zone rock, m 46 (60)

O6LasA NOPUCTOCTb MOPOA 30HbI a3pauuK, N

Total porosity of aeration zone rock, n U=

0,4 0,53 0,42 0,4

CpepHunin YKNOH NOBepxXHOCTHY, |

Average surface slope, | 0,02

0,04 0,07 0,06 0,08

CpegHuin Ko3boULMeHT:
Average coefficients of:

dunstpaymn, Ko, m/cyt

filtration, Ko, m/day 0,012

0,001 0,69 0,00021 0,0084

BEPTMKaNbHOIO BnaronepeHoca, K, M/CyT

vertical moisture transfer, K, m/day 0,001

0,0006 0,044 0,00003 0,0002

BOLOOTAAUN, U

water loss, U 0,05

0,02 0,15 0,004 0,01

pacnpegenenmns '¥’Cs, Kd, mn/r

137Cs distribution, Kd, ml/g =aU

3000 1100 1200 7650

3amennenusa '¥Cs, Rt

137Cs slowing-down, Rt 1550

13200 3990 4490 35900

O6bemHas Macca NOPoA 30HbI adpauuu, p, r/m?

Volume weight of aeration zone rock, p, kg/m? 2100

1760 1920 1570 1880

Knumartunuyeckmne napamerpbl
Climatic parameters

CpepHerofioBoe KonMyecTBo aTMOCHEPHbBIX
0CafikoB, MM/rog,

Average annual atmospheric precipitation,
mm/year

650

720 350 478 480

CpeaHerofoBoe ncnapeHue, Mm/rog

Average annual evaporation, mm/year 500

700 800 900 900

[ny6viHa npomep3aHus, M

Depth of freezing, m 1.2-1,6

0,9 04-0,6 1 0,39 - 0,65

[JIMHUCTBIX OTJIOXKEHUSIX (TSKENble Cylecu U CYTJIMHKU YeT-
BEPTUYHOTO BO3PACTA), XOTSI HAXOMSTCS B PA3HBIX IPUPO/HO-
KJIMMaTHYecknX yesaoBusix. Ha yyactke B MOCKOBCKOM perro-
He GUIVKAHTINIT BOIOHOCHBIN TOPU30HT HAXOIMJICS HA TIIyOH-
ne 40-60 M OT OCHOBaHMS TPUITOBEPXHOCTHBIX XPAHUJIHII] Pa-
JIMOaKTUBHBIX OTXO/IOB.

W3 TabInIIbl CIeLyeT, YTO HeHapyIeHHbIe TOPOJbl Ha BbI-
GpaHHbIX IIOMAKAX O0JAIANM, B OCHOBHOM, HU3KOM BOJIO-
nporutaeMoctsio (0,00021-0,69 M/cyt) u BbicokuMU copb-
[UOHHBIMUA XaPAKTEPUCTHKAMK [0 OTHOIIEHUIO K OCHOBHO-
My z03000pasyiomemy paamonykuay Cs (Kd=340-7650
MJI/T). 3HAYWT, TIPU MIPOTHO3E U MOJIEJTMPOBAHUU <«aBapHUii-
HOTO» CIIEHAPUST PACHPOCTPAHEHUST PAAUOHYKINIOB (pUC.
1), paccrosiiue BO3MOYKHOTO TIEPEMEIIEHHsT HyKINIOB C WH-
(UABTPAIIMOHHBIM TTOTOKOM OY/IET B THICSYH a3 MEHbIIE
(Rt=1550-35900) 1o cpaBHEHHIO C TepeMelneHreM (GpoHTa
SKUJIKOI (hasbl 6e3 COPOIIUIL

[Iporrosnnie pacueTsr mokasany, yto 3a mepuox 300 mer
BO3MOJKHOE BEPTUKAJIBHOE TepeMellleHne PanOHyKINI0B
NPH 3aJJaHHBIX COPOIMOHHBIX apaMeTpax He MPEBBICUT He-
CKOJIBKUX MeTpoB. [Ipuuem ocratouHast BeJIMuMHA Y€IbHON
AKTUBHOCTY KUAKON (hasbl OyZeT MEHbINE BEJTMUMHBI YPOBHSI
BMernareberBa Y B, xkoropast mist ¥'Cs cocrasisier 11 Br /i
(Tabmua 2).

CJietoBaTesIbHO, 3alUTa IEPBOTO OT MOBEPXHOCTH BOJIO-
HOCHOTO TOPU30HTA — BIIOJIHE BBITIOJTHUMAST 33/1a4a.

BE30MACHOCTb OKPYXAIOLLEN CPE[bI
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geological conditions from the very start: the storage facilities
had to be located in flood-free and marsh-free areas with a low
level of ground water, with the thickness of water-proof (clay-
ey) sedimentation rock layers at least 20 m and not closer than
500 m to open pools of water.

PREDICTION CALCULATIONS OF ENVIRONMENTAL SAFETY

The approach described above was used during the se-
lection of sites for the construction of facilities of the former
Radon network in the Russian Federation.

As an example, Table 1 provides the main hydrogeological
characteristics (as of the early 1960s) of several sites of the ra-
don network in the Central European, Volga and Southern re-
gions of Russia. All these sites are located within zones of clayey
sedimentations (heavy Quaternary sandy clay and clay loams),
although belonging to different climatic regions. On the site lo-
cated in Moscow region, the nearest aquifer was 40-60 m deep
from the foundations of the near-surface storage facilities for
radioactive waste.

As evident from the table, undisturbed rock at the selected
sites chiefly possessed low water permeability (0.00021-0.69
m/day) and high sorption capacities with respect to the key
dose-contributing radionuclide *’Cs (Kd=340-7650 ml/g).
This means that for the purposes of forecasting and modelling
of an "accidental’ scenario of radionuclides dissemination (fig.
1), the distance of potential nuclides transfer by infiltration
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TABJINLIA 2. PE3YNBTATbI MPOTHO3HbIX PACYETOB XAPAKTEPUCTUK OUNBTPALIMOHHOTO MOTOKA HA MNTOLLIAZKAX CK CUCTEMbI «PAZIOH>
TABLE 2. RESULTS OF PREDICTION CALCULATIONS OF THE FILTRATION FLOW CHARACTERISTICS ON THE RADON NETWORK SITES

HauanbHas ygenbHas akTUBHOCTb XUAKON
dasbl, br/n
Initial specific activity of liquid phase, Bq/I

10000

10000 10000 10000 10000

MakcrmanbHas yaenbHaa akTUBHOCTb XA KON
¢dasbl uepes 300 ner, bk/n

Maximum specific activity of liquid phase after
300 years, Bq/I

<1

<04

<0,1 10 <0,1

Bpema foCTUXKeHUA YPOBHA BMeLLaTeNbCTBa
ona '¥Cs (YB=11bk/n), net

Time required for interference level to be reached
for ¥’Cs (interference level=11Bq/l), years

180

110 65 270 250

W3MEHEHUE MOPOOJIOT K NIOLLAAKKA YN MOCHNO «PAJOH»

ITo mepe coopyskenust u sKcrryaTaimu xpanusmiy PAO
AHTPOTIOTeHHOE BO3/IeHCTBIE N3MEHIJIO CBOICTBA BEPXHeil ya-
CTH TEOJIOTHYECKOT0 Gapbepa.

IIpu cTpouTesbcTBE W BBOZIE B OKCIIyaTAIMIO XPAaHU-
JI 00JIMK BEPXHEH YacTh MOPOJI 30HbI adpaliuy Havyas WH-
TEeHCUBHO MeHsThes. Tak, Mopdosorus mmonaaku MocHITO
«Pasion» mipetepriesia cyIiecTBeHHbIE U3MEHEHMsI, YTO ObLIO
CBSI3aHO C TIPOKJIAJIKON TTOTbE3/IHBIX MyTell 1 KOMMYHUKAIIUH,
BBIEMKOM TPYHTOB M3 KOTJIOBAHOB € 00Pa3oBaHUeM HACHITIEH 1
MOHWZKEHNIT, achanbTUpoBaHneM 1 6ETOHMPOBAHKIEM, COOPY-
JKCHUEM JIPEHAKHBIX KaHAB W IIPY/OB-OTCTONHUKOB [JI OT-
BOJIA TIOBEPXHOCTHBIX BOJI, OYPEHUEM OMOPHBIX MHKEHEPHO-
TEOJIOTMIECKUX CKBAKUH MO/l XPAHWIUINA W IPYTHUMHU TEXHO-
TeHHBIMU BozzelicTBuamu. [Ipn aToM, pasymeercs, n3MeHU-
JIUCD U CBOVICTBA TIOPOJT BePXHEl YacTH 30HBI adparmu. B gact-
HOCTH, c(hOPMUPOBAHHbIE HACHITTHBIE PA3yTIOTHEHHBIE TPYH-
ThI CTasn 00JIaIaTh MeHbIIel oGbeMHol Maccolt (1a 5-20%) u
TIOBBITIIEHHON BOIOTTPOHUIIAEMOCTHIO — KO3(PhUIenT Hriib-
TPAIUy B IIPUKOHTYPHOI 30HEe HEKOTOPBHIX XPAHUJIUIIL YBeJIH-
YUJICST /IO HECKOJIBKUX METPOB B CYTKH.

B xoHeuHOM uTOTE, TEXHOTEHHOE BO3/IENCTBIE HA BEPXHIOIO
YacTh TIOPOJT 30HBI AIPAIUHU CO3AJIO YCJIOBHS /17is1 (hOPMUPOBA-
HUSI TEXHOTEHHOTO BOZIOHOCHOTO ropr3onTa. [Tpu aToM 1pukoH-
TYpPHbIE 30HBI XPAHUJIUII] HAYAIH BBIIOIHATH (DYHKITUIO JIOBY-
IIEK /1T IOCTYTIAIOIINX B HUX MTOBEPXHOCTHBIX BOJI, & HEHAPY-
IIIEHHBIE TTOPOJIbI 30HBI A3PAIUHU — POJIb HUZKHETO BOIOYTIOPa.

DopmupoBanne  BOJI  TEXHOTEHHOTO  TIPOMCXOJK/IE-
HUS B 3HAYUTEJIBHOW CTereHn OOYCIOBJIEHO MPUPOIHO-
KJIIMMaTHIeCKNMHU  (paKTOpaMi, B YACTHOCTH, WHTEHCHUBHO-
CTBIO BBITIAJICHUS W MCTIapeHust atMochepHbIX ocankos. [l
mnomaakn MocHITO «Pamors xapakTepHo TOMUHUPOBAHIE
BBITIAJIEHHST aTMOC(EPHBIX 0CATKOB Hafl McnapenveM. Ha pu-
CyHKe 2 TIoKazaHo n3Menenue Mopdomorun mromaaku k 2000
TOMY B Pe3yJIbTaTe BO3/IENCTBIS YKA3aHHBIX BBIIIE (DAKTOPOB.

PE3Y/IbTATbI KOHTPO/IA MUTPALLUWA PABIVOHYKNMAI0B

[IpakTigeckn cpasy ke ToCTe pa3MeleHns TepBoil Tmap-
tur PAO B 1961 romy Ha miommanke MocHITO «Pamons Obiia
OpTaHM30BaHA CHCTEMa KOHTPOJIS COCTOSHUS OKpYsKaloImei
Cpefibl ¥ IIyTH BO3MOKHOM MUTPAlUK PAIMOHYKJINIOB TTPU
xpanenun PAO. PesymsraTer KOHTpoJIA ToKas3amu, uTo B 1960-
1980 rozbl HEKOTOPbIE XPAHWINITA TPAKTUIECKH TTOJTHOCTHIO
3AIOJIHSIUCH BOJIOH, YPOBEHb KOTOPOI MEHSJICS B 3aBUCUMO-
CTU OT UHTEHCUBHOCTH BBITIAJIEHUsT aTMOCHEPHBIX OCAIKOB B
pasHbie BpEMeHa TOJIa, YTO CBUJIETEIHCTBOBAJIO O HAPYIIEHUH
1esiocTHOCTH XpanuuiL. OTMedanoch, 4to 0ObeMHasT AKTHB-
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flows would be thousands of times less (Rt=1550-35900) as
compared to movement of the liquid phase front without any
sorption.

Prediction calculations have shown that over a period
of 300 years, potential vertical transfer of radionuclides with
given sorption parameters will not exceed a few metres. The re-
sidual level of specific activity of the liquid phase will be below
interference level, which for *"Cs is 11 Bq/1 (table 2).

Accordingly, it is quite feasible to ensure protection of the
first aquifer from the surface.

CHANGES IN MORPHOLOGY OF THE RADON MOSCOW SITE

As the radwaste storage facilities were built and put into
operation, man-caused impacts were causing the properties of
the top level of the geological barrier to change.

As the storage facilities were constructed and commis-
sioned, the upper part of the aeration zone rock experienced
rapid changes. For example, the morphology of the Radon
Moscow site underwent significant changes associated with the
construction of access roads and supply pipelines, excavation
of soil from pits and arrangement of depressions and embank-
ments, asphalt paving and concreting, construction of drainage
trenches and settling ponds for removal of surface water, drilling
of engineering-geological key holes for the storage facilities, and
a range of other human-caused impacts. That, of course, caused
the properties of the upper aeration zone rock to change, too.
In particular, the bulk decompacted soils came to have a lower
volumetric weight (losing some 5-20%) and increased water
permeability — the filtration coefficient in the border zone of
some storage facilities increased to several metres a day.

Ultimately, man-caused impacts upon the upper layer of
aeration zone rock created the conditions for the formation of
a man-made aquifer. The border zones of some storage facili-
ties started acting as traps for incoming surface waters, with the
undisturbed aeration zone rock acting as the underlying water-
proof layer.

Formation of man-originated waters was to a great ex-
tent attributable to the natural climatic factors, in particular,
the intensity of rainfall and evaporation. The site of Radon
Moscow is characterised by a situation whereby precipitation
dominates over evaporation. Figure 2 illustrates the changes in
site morphology by 2000 as a result of impacts of the factors
described above.

RESULTS OF RADIONUCLIDES MIGRATION MONITORING
Practically immediately after the placement of the first
batch of radwaste into storage in 1961, a monitoring sys-
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HOCTB BOJIBI B PE3YJIBTaTe KOHTAKTA C TBEP/BIMU PATIOAKTUB-
HeiMu oTxofamu gocturaia 100 kBx/i1. ddderTuBHbIil 06b-
eMm jutst xparernst PAO B xpannmiiax He mpesbinian 38-53%
M3-32 HAIYHST HerabapUTHBIX (hOPM OTXO/IOB. !

[Tpu usyvennu moBejieHus: PAJIMOHYKIINIOB BO BMEIIAIO-
MUX MOPOIaX OBITIO TAKAKE YCTAHOBIIEHO, UTO M3-32 HATMUIST
TUJIPABJINYECKON CBSI3M MEK/LYy XPAaHWJIMIIAMU U TIOPOJIaMU
IIPUKOHTYPHOU 30HbI UX Y/IEJIbHASI aKTUBHOCTH PE3KO BO3pac-
taert, nocturas 2 MBk/kr Ha riybute 3-4,5 M. OnHako HU3-
Kue (DUIIBTPAIIMOHHBIE U BBICOKHE COPOIIMOHHBIE XapaKTepH-
CTUKK BMEIIAIONINX TIOPOJl OTPAHUYUBAIOT BBIXOJ] PAIUOHY-
KJIUJIOB 32 IIPE/IEJIbl YYACTKOB Pa3MeEIeHUs TPUTIOBEPXHOCT-
HbIx xparmiin PAO. Hasmuwe takux TpupoHbIx 6Gapbhepos
TIO3BOJIUJIO TIPAKTUYECKH TTOJTHOCTBIO 33/IEP3KaTh PACIIPOCTPA-
HEeHUe PATUOHYKIIH/IOB.

Ha yuactkax pa3merenust TIprIoBEPXHOCTHBIX XPAHIIIUII]
PAO B03MOJKHBI pa3Hble CIIeHAPUT MATPAITAH PATHOHYKIH/IOB.

Ha mumomazke I'YIT MocHIIO «Panoms, momumo pactipo-
CTpaHeHUsT PATHOHYKIUIOB B MacCUBe TOPOJ, HAGIIOMATICST
TaKIKe MPSIMOIT BBIXO/I JKUJIKOH (hasbl Ha TIOBEPXHOCTH (ClieHa-
puit nepensa nm «Bath flooding» (puc. 3)).

CyTb 1aHHOTO TIpOIecca 3aKTI09ATCS B TOM, UTO TIOPOJIBI €
HaPYLIECHHOI U HEU3MEHHOU CTPYKTYPOIi 1Ip1 U30bITKE ATMOC-
(hepHBIX OCAIKOB He MOT'YT IIPUHATD BeCh 0GHEM BJIATHU, U YACTh
ee M3JIMBAECTCSl HA TIOBEPXHOCTb, (GOPMUPYST BPEMEHHBIH T10-
BEPXHOCTHBII cTOK. Takoi crieHapuii HanGosiee BEPOSITEH B Be-
CEHHMUI IePUO/, KOT/IA OCA/IKU B BHJIE CHETa, CKATLTMBAOIIETO-
sl B TeUEHUE TPEX-YeThIPEX 3SUMHUX MECSIIIEB, 32 MSTh-/IECSTh
JTHEH TIePeXO/IAAT B JKUAKYT0 (asy.

MOBbILWEHWE BE3OMACHOCTU XPAHWUNULL,

Takum 06pasoM, TIPY HAPYHIEHUH TETOCTHOCTH XPAHHJIHII]
PAO Besmka BepOSITHOCTh BBIXOJA PATUOHYKJIUIOB HA I10-
BEPXHOCTb € JKUIKOM (azoit. Mcxons 3 n3HaYasIbHO TTOCTaB-
JICHHOI 3a/a4yu (3aIUThI HIDKEJIeKAIUX BOIOHOCHBIX TOPU-
30HTOB), BHAYaJe TPK SKCILTyaTAIIUH ILIOMIAJKA 3TOMY CIle-
HapUIo He YeTsI0Cch 0c060r0 BHUMaHNs. OIHAKO TIPHU TIPOBe-
gernu uceaegosanuii 1960-1980 rogoB ObLI BHIABIEH IPAMON
BBIXOJI JKUJIKO# (ha3bl Ha MOBEPXHOCTD, U, HaunHast ¢ 1990-x ro-
JIOB, OBLIN TIPOBEACHBI PA3JINYHbIE TEXHUYECKHE MEPOIPHS-
THSI, TIO3BOJIUBIIINE TIPEOTBPATUTD TaKOW CIIEHAPUI BBIXOA
PATMOHYKJIUIOB B OKPY>KATOITYIO CPETY.

ATMOChEPHbIe 0CaKM
Atmospheric precipitation

Mopozbl ¢ HapyLLeHHoit
CTPYKTYpOiA
Rocks with disturbed structure ™8

«[lepenuB»
Overflow'

[ToBepXHOCTHBIiA CTOK
Mputok / Inflow \ ' Surface run-off
A ——
OtTok / Qutflow
XpaHunuie Mopoabl ¢ -
PAO Hen3MeHeHHOI
CTPYKTYpoi
Wasf;e;/gz;;age Rocks with undisturbed

structure

Toa3eMmHblil CTOK
Ground water run-off

Puc. 3. CueHapuii «Bath flooding»
Fig. 3. The 'Bath flooding' scenario

Hauano 60-x rogos / Early 1960s

KoHel 90-x rogoB / Late 1990s

Puc. 2. 3ameHeHne mopdonorum nnowagkm pasmelyeHuns PAO 3a 40 net
Fig. 2. Changes in the morphology of radwaste storage site over 40 years

tem was set up on the Radon Moscow site to observe the
environmental conditions and potential pathways of radio-
nuclides migration during radwaste storage. Monitoring
results have demonstrated that during the 1960s-1980s
some of the storage facilities had been virtually completely
flooded with water, the level of which fluctuated depending
on the intensity of atmospheric precipitation in various sea-
sons, providing evidence of the presence of leakages in the
storage facilities. It was also noted that volumetric activity
of water as a result of contact with solid radioactive waste
was reaching 100 kBq/1. The effective radwaste accommo-
dation capacity in the storage facilities did not exceed 38-
53% of the nominal due to the presence of over-sized waste
forms.!

Studies of radionuclides behaviour in bearing rocks also
revealed that due to the presence of a hydraulic link between
the storage facilities and border zone rocks, their specific ac-
tivity levels tend to rise sharply, reaching 2 MBq/kg at 3-4.5
m deep. However, the low filtration and high sorption char-
acteristics of the bearing rocks limit the discharge of radio-
nuclides to outside of the sites that include the near-surface
radwaste storage facilities. The presence of these natural bar-
riers has helped practically completely stop the dissemina-
tion of radionuclides.

In areas where near-surface radwaste storage facilities are
located, several different scenarios of radionuclide migration
are possible.

On the site of SUE Radon Moscow, in addition to the dis-
semination of radionuclides in the rock mass, instances have
been recorded of direct surfacing of the liquid phase (the 'over-
flow" scenario or 'Bath flooding' (fig. 3)).

The essence of the process is that under excessive atmos-
pheric precipitation, rocks with disturbed and undisturbed
structures cannot absorb the entire volume of moisture, and
some of that volume would be ejected to the surface, forming a
temporary surface run-off stream. This scenario is particularly
likely to materialise in spring, when precipitation in the form of
snow that had accumulated over three to four winter months

1 Cobousies N.A. Oxparia OKpysKarolieii cpe/ibl mpr 00e3BpeKNBaHNI PafinoakTUBHBIX 0TX0710B / VI.A. Co6oues, NLIT. Kopenkos, JI.M. Xomunk, JI.M. TTpokazosa. —

M.: Oueproaromuszar, 1989. — 168 c.
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Puc. 4. i3ameHeHwue yaenbHol akTBHOCTY '¥Cs B MoBepXHOCTHOM cToKe B 1970-2010 rogax
Fig. 4. Variation in specific ¥’Cs activity in surface run-off during the 1970s to 2010s

Jlist 9T0TO, B YaCTHOCTH, GbLJIa CO3/[aHa TEXHOJIOTHS 10~
BTOPHOTI'O OMOHOJIMYMBAHUS, [IO3BOJIUBINAS BOCCTAHOBUTH Ha-
YaJibHble CBOWCTBA MHKEHEPHBIX GapbhepoB xpanmiuml, Haj
XPAHUJIAIIAME HAYAJIH COOPY’KaTh MHOTO(MYHKIIMOHATbHBIC
TIOKPBITHS, CHU3WBIIIE HETATUBHOE TeMITepaTypHOe BO3ZIEli-
CTBHUE, a TaK’Ke MHTEHCUBHOCTb TIPOHUKHOBEHUST aTMocdep-
HBIX OCAJIKOB BHYTPH COOPY:KeHMil. Bplma onTrMusnpoBaHa
cucTeMa JIPeHaka, CO3/IaHbI TIPYABI-OTCTONHUKN 1 TIepexBa-
TBIBATOIIVE KOJTOATIBL. YacTh MPUKOHTYPHOI 30HBI XPAHNJITHII]
060pyIOBAT CKBAKIMHAME TEOMOHUTOPUHTA. [[JIsT KOHTpO-
Jist cOpoca TIOBEPXHOCTHBIX BOJ CO3MAHBI THAPOJOTIIECKHE
TOCTBI CO CTBOPAMH HAOMIONATETBHBIX CKBAKITH, TTO3BOJISTIO-
I7ie KOHTPOJIMPOBATh TaKyKe U MTOJ3EMHBIH CTOK. B pesyrsra-
Te TIPOBE/ICHUS TEPEUNCICHHDIX U IPYTUX TEXHIYECKUX Me-
POLIPUATHIL DKOJIOTMYECKast 0OCTAHOBKA Ha ILJIOIIAJKE CyIIe-
CTBEHHO U3MEHUJIACD K JIyutieMy (puc. 4).

W3 rpacduka n3aMeHeHUs BEeJIMYMHBI Y/IeJIbHON aKTUBHO-
cru "Cs B 1MOBEPXHOCTHBIX BOJIAX (CHHSISI JIMHUST) CJIEMLYET,
YTO TIPOBE/ICHHBIE WCCJICIOBAHIS ¥ TIOCTIEIYIONTE TeXHITIe-
CKVI€ PETITEHNST TIO3BOJTIITH CHU3UTH COPOC aKTUBHOCTH 13 XPa-
it PAO Goliee, uem Ha JiBa-Tpu tiopsizika. Ha kpacroii -
HUW TIOKa3aH rpadik N3MeHEHNS BeIMINHBI YPOBHEH BMeITIa-
tesbeTBa Jist ¥7Cs B COOTBETCTBUYM C HOPMAMK PajiallnoH-
HOU 6€3011aCHOCTH, KOTOPbIe MEHsLIUCH 3a Tepuon 1969-2009
rogos — HPB-69, HPB-76, HPbB-76/82, HPB-96, HPB-99,
HPDB-99/2009. 3a 40 sier BesinurHa YPOBHSI BMEIIATEIbCTBA
quist ¥7Cs uamenmnach ¢ 555 Bk/kr 1o 11 Bk /kr, T0 ecth 1mou-
T B 50 pas .

[TockoIbKY TPUPOIHBIE HAPbEPBl UTPAIOT BasKHEHTITYIO
POJIb TIPU 3aIUTE OKPY;KAIOIIEN CPe/bl, TPU MPOEKTUPO-
BaHWUU GYIYIINX TUIOMAM0K HEOGXOAMMO, OCHOBBIBAsSICh Ha
TOJTyYeHHOM HAYYHOM W TIPOU3BOJICTBEHHOM OTIBITE, YUH-
TBIBATh BO3MOKHOE TEXHOT€HHOE M3MEHEeHe BepXHeH va-
CTH TIOPOJT 30HBI a3pParun. ITO TIOMOKET BBIOPATH OITH-
MaJbHBIE TEXHOJIOTNN CTPOUTENIHCTBA XPAHIJINIIL U OTIpesie-
JINTD PEATBbHBIH CIleHapUil BO3MOXKHOTO BBIXO/A PAINOHY-
KJIWJIOB B OKPY’KAIOIIYIO CPe/y, YTO TTO3BOJHUT B JaJIbHEH-
1IeM COKOHOMUTH 3HAYUTEJIbHBIC (DIMHAHCOBBIC CPEACTBA!
UX He TIPUJIETCST TPATUTH HA PEIleHUE TIOCTOSTHHO BO3HUKA-
IOIIHX TIPOGJIEM, CBA3AHHBIX C TEXHOTEHHBIM BO3/IEICTBIEM
HA [IPUPOLY.
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would melt and convert into

—— Cpeptss sennuuna  the liquid phase within a

yLenbHom space of five to ten days.
aKTVBHOCTM
Average specific IMPROVING THE SAFETY OF
activity STORAGE FACILITIES
Therefore, whenever the
Ronycrimasn integrity of radwaste storage
= yAenbHaA facilities is breached, there

aKTMBHOCTb (YB) no
HPB-69, HPB-76/87,
HPB-96, HPB-99,
HPB-99/2009
Permissible specific
activity according to
NRB-69, NRB-76,
NRB-76/87, NRB-96,
NRB-99, NRB-99/2009

is a high probability of ra-
dionuclides escaping to the
surface carried by the liquid
phase. On the basis of the in-
itial objective (protection of
theunderlying aquifers), this
scenario did not receive the
attention it deserved during
the early stages of operation.
However, the surveys of the
1960s-1980s detected direct
instances of the liquid phase surfacing. Subsequently, starting
from the 1990s, a number of technical measures were imple-
mented, which helped preclude this scenario of radionuclides
discharge into the environment.

In particular, that was achieved through the application of
the newly-developed re-concreting technology, which helped
restore the original properties of the engineered barriers in the
storage facilities. Multi-functional covers over the storage fa-
cilities were built to reduce the negative effects of ambient tem-
perature, as well as the intensity of atmospheric precipitation
ingress inside the structures. The drainage system was opti-
mised, settlement ponds and trap wells arranged. Some border
zones of the storage facilities were fitted with geomonitoring
wells. In order to monitor the discharges of surface waters, hy-
drological observation stations were built fitted with ground
wells, which can also monitor the sub-surface flows. As a result
of implementation of these and other technical measures, the
environmental situation on the site has improved considerably
(fig. 4).

As evidenced by the above chart of specific '¥Cs activity
level in surface waters (blue line), the research and subsequent
technical measures have helped reduce the discharges of radio-
activity from the waste storage facility by more than two or
three orders of magnitude. The red line illustrates the variation
in interference level for '*’Cs in accordance with the radiation
safety norms, which underwent a number of changes during the
1969-2009 period: NRB-69, NRB-76, NRB-76,/82, NRB-96,
NRB-99, NRB-99,/2009. Over a 40-year period, the interfer-
ence level for ¥7Cs went down from 555 Bq/kg to 11 Bq/kg,
that is, almost 50-fold.

As natural barriers play the vital role in protection of the
environment, the designs of future storage sites should rely on
scientific and production experience to take into account the
potential man-induced changes in the upper layer of aeration
zone rock. This will help make the best choices regarding the
storage facilities construction technologies and model a real-
istic scenario for the potential discharge of radionuclides into
the environment, helping eventually save significant financial
resources, as they would not have to be spent on resolution
of problems that would continually occur in connection with
man-caused impacts upon nature.
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