O0COBEHHOCTM NOBEAEHWA PAONOHYKN0B
B BJINAKHEN 30HE XPAHWUTLL, PAO

RADIONUCLIDE BEHAVIOUR IN THE NEAR ZONES

B.B. MAPTBAHOB, x.m.n.
(TYII MocHIIO «Padon»)

H 3a roabl CyLeCcTBOBAHUA NPeANPUATUIA, IKC-
nAyaTUpYOLWMX XpaHWIMLLA PaAvoaKTUBHbIX
0TXO[10B MPUMOBEPXHOCTHOIO TUNA, 6bU1 HaKo-
nieH JOCTaTOYHbIA HayYHbIl U NPaKTUYECKUii
onbIT No o6pawienuio ¢ PAO, usyuenuio noeepe-
HUA PagMOHYKIINAOB B OKpY»KaloLueli cpefie.

YyacTku [ pa3MelieHust IPUITOBEPXHOCTHBIX XPAHHU-
JIUIL PaOAKTUBHBIX OTXOL0B OBLIM OIPELEICHbI B HaYa-
ae 1960-x roznos. IIpu ux BHIGOPE B OCHOBHOM PYKOBOJI-
CTBOBAJIMCh TPUHIIMIIOM TIPEOTBPAIIEHUST TIOMalaHMs
PAZIMOHYKJIUIOB 4Yepe3 30HYy aspailii B TEPBBLIH OT TO-
BEPXHOCTH BOJOHOCHBIN TOPU3OHT 3a CUYET BEPTUKAJIBHO-
ro THOWIBTPAIIMOHHOTO MOTOKA. VcX0/5 13 9TOTO KpHuTe-
pust, GOJIBITUHCTBO MPUIIOBEPXHOCTHBIX XPAHUJIUII OBLIO
MPUYPOUYEHO K BMEMIAIONIUM TTOPOaM, B OCHOBHOM IJIH-
HUCTBIM, 00JIaal0IUM HU3KOH BOZOIPOHUIIAEMOCTHIO 1
GOMBIION COPOIMOHHOI eMKOCThI0. Takum oOpasom, naH-
HBIM TOPOZIaM OTBOJAMUJIACH POJIb MPUPOIHOTO 3AIUTHO-
ro 6apbepa. o cux nop, 1o ucredenun 50 JeT aKcyaTa-
nuu xpauuauig PAO, oHM 10CTaTOYHO HAIEKHO BBITTOJTHSI-
10T 3Ty (PYHKITHIO.

Ha GoJibIinHCTBE IIOMAL0K 00beM XPaHAMIUXCI OT-
X0/10B mtocTerteHHo pocturaeT 80-90% oT MpoeKTHBIX 3Ha-
yennit. OveBngano, uro B Ouamkaitmme 10-20 mer yacthb
M3 HUX JIOJKHA BCTYIIUTD B CTAJUIO BBIBOJA U3 IKCILIya-
TaInm.

MOHUTOPWUHIOBbIE UCCNEQOBAHUA

3HauuTes bHAST POJIb IIPU BBIBOJE U3 IKCILIyaTAIMU
xpanuaui] PAO orBomutcsi mpoBeieHUI0 MOHUTOPUHTO-
BBIX UCCJIE/IOBAHUI, TO €CTh U3YUYCHUIO [TOBEIECHUS PaIH-
OHYKJIMJIOB B OKDY:Kalollell cpelie U MPUHSTHIO KOPPEK-
TUPYIONIUX PEIIEeHUN /1T YCTPAHEHUs WJIH MpeIoTBpalie-
HUSL UX U30BITOYHOIO BBIXOJA B OKPY/KAIOIIYIO CPely Ha
OCHOBE TIOJIYYeHHBIX JaHHbIX. B vacTtHoctH, B HIT 069-06
u HIT 055-04 ormeuaeTcst, 4TO B CJIydae BBISIBIEHUS OT-
CTYIIEHUH OT KOHEYHOT'O COCTOSTHUS TJIOMIAJKNA Pa3Me-
menus PAO, NpuBoAAIMX K CHUKEHMIO YPOBHS (e30-
MACHOCTH, JOJIKHBI OBITh BBITIOJHEHBI BCE MPAKTUYECKH
OCYIIECTBUMbIE MEPOIPHUATHUS, HalpaBJeHHbIe Ha 00e-
criedernue 6E30MACHOCTH, B TOM YKCJI€ MEPbI 110 CHUKE-
HUIO MUTPAIUU PAAUOHYKIUIOB, 1€3aKTUBAIUS TPYHTA,
OYMCTKA TTOBEPXHOCTHBIX M MOJA3E€MHBIX BOJ U T.Z. B KO-
HEYHOM UTOTe, OT XapaKTepa U 0cOOeHHOCTE pacupee-
JIEHWST PAJMOHYKJIUI0B BO BMENIAONINX TTOPOAax OyaeT
3aBUCETb 00bEM U IPOAOJIKUTEIBHOCTD PEKYIBTUBALIN-

BE30MACHOCTb ALEPHbBIX TEXHONOMM 1 OKPYXAIOLEV CPE[bI
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OF RADWASTE STORAGE FACILITIES

V.V. MARTYANOV, Candidate of Technical Science
(SUE SIA Radon Moscow)

m Qver the operation years of near-surface ra-
dioactive waste storage facilities, sufficient sci-
entific and practical experience was acquired of
radwaste management and studies of radionu-
clide behaviour in the environment.

Locations for near-surface radioactive waste storage
facilities were chosen in the early 1960s. These were pri-
marily selected following the principle of prevention of
radionuclides ingress through the aeration zone to the aq-
uifer closest to the surface by vertical hydrodynamic flow.
Based on that criterion, most near-surface storage facilities
were located in areas with mostly clayey host rock, which
is weakly permeable and has a high sorption capacity. Thus,
the rock was expected to act as a natural protection bar-
rier. And even after 50 years of operation of the radwaste
storage facilities it still acts in this function with sufficient
reliability.

The capacities of most of these sites, however, are now
about 80-90% full. Obviously, some of them will have to go
into decommissioning within the nearest 10-20 years.

MONITORING RESEARCH

A prominent role in the decommissioning process on
radwaste storage facilities is played by monitoring re-
search, i.e. studies of behaviour of radionuclides in the en-
vironment, and implementation of corrective measures to
remedy or prevent excessive release of radionuclides into
the environment on the basis of collected data. In particu-
lar, NP 069-06 and NP 055-04 note that should there be
indication of deviation from the prescribed end state of the
radwaste site potentially leading to a compromise of safe-
ty, all practically feasible measures must be implemented
to ensure safety, including measures to reduce migration of
radionuclides, decontamination of soil, treatment of sur-
face and ground waters, etc. Ultimately, it is the pattern
and specific features of the distribution of radionuclides
in host rock that will define the scope and duration of the
clean-up effort. Natural and climatic factors largely influ-
ence the behaviour of radionuclides.

Many years of experience with operation of near-sur-
face radwaste storage facilities have demonstrated that the
most important process resulting in the release of radionu-
clides into the environment is transfer by liquid phase dur-
ing surface and underground (filtration and infiltration)
flows. Transfer by gas and dust is not significant and is usu-
ally only considered for those cases when storage facilities
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Cw0  []-H0-2 [ mersmenst

Puc. 1. KapTbl BbinageHua (1) n geduymta (2) atMochepHbIX 0CaAKoB (KpaCHOM MYHKTUPHOW (6anaHCoBO) IMHME OTMeYEHO NPUMEPHOe CPeAHero-
[l0BOE PaBEHCTBO BbiNaAeHUA 1 cnapeHnsa atmocdepHbix ocaakos) / Fig. 1. Maps of atmospheric precipitation fall-out (1) and deficit (2) (the red dashed
(balance) line denotes the approximate boundary at which average annual atmospheric precipitation approximately equals evaporation)

OHHBIX PabOT. B 3HAUNTETBHON CTEMmeHN Ha MOBEAEHUE
PaAMOHYKJINU/IOB IMOBJUAIOT NPUPOAHO-KINMATHICCKIE
(axropsl.

MHOTOIETHUI OTIBIT JKCIIyaTAIlUU TTPUTTOBEPXHOCT-
upix xpanmaun PAO moxasan, uto Hambosiee 3HAYMMBIM
IyTeM BBIXOJIA PAJIUOHYKJIUIOB B OKPYIKAIOIIYIO CPEILy SIB-
JITeTCST MX TIePEHOC C JKUKOI (has3oil B porieccax MoBepx-
HOCTHOTO U O/[3eMHOTO0 ((UIBTPAIIMOHHOTO U WHOWIBTPa-
IIMOHHOTO) CTOKOB. [lepeHoc ¢ ra3oM ¥ TBIIBIO He SBISCTCS
CYIIECTBEHHBIM U OOBIYHO PACCMATPUBAETCS IS CIIyYaes,
KOT/JIa YYACTKU Pa3MeIIeHUs XPAHWJINIL TePPUTOPHATBHO
HaxXOJSATCA B MPUPOAHO-KIMMATHYECKUX 30HAX C Aeutin-
TOM BBITIA/IEHUSA aTMocdepHbIX ocankos. Ha pucynke 1 Ha
(hone kapt pacnpesenenus u ge@UINTA BBITTAJCHNIS aTMOC-
(hepHBIX OCAZKOB MMOKA3aHBI MIOMAKN Pa3MeIleHns MIpH-
MOBEPXHOCTHBIX XpaHusuil PAO.

PaccmorpuM 110BezieHne PAMOHYKJIMIOB BO BMeIa-
IOIUX TIOPOJIAX IS TIPUPOIHO-KINMATHYECKUX YCIOBUIA,
XapaKTepU3yIONUXCs MpeobIaiaHieM BBITTaJeH s aTMOC-
(bepHBIX 0CAZIKOB HAJl MICTIADCHUEM.

OueBnHO, YTO XapakTep (GUIBTPAIMOHHOTO WM WH-
(pUIABTPAITMOHHOTO MTOTOKA, TIEPEHOCSIIIETO PATUMOHYKJITH/IBI,
onpe/ieieHHbIM 00Pa3oM [0JKEH CKa3aThCs M Ha lepepac-
TIpeiesIeHIH PaIMOHYKJINIOB B TOJIIIE BMETIATOIIIX TTOPO/I.
JIOTHYHO TIPEeTONOKNTD, YTO JITIHA TIePEMETeHIS 0peo-
Jla PaIMOHYKJINIOB 110 XOPOIIO ITPOHUI[AEMBIM IIPOCJIOSIM
JOJDKHA TIPe0bIaiaTh HAJl [IePeMelieHueM B cJaboIpoHu-
I[AeMBbIX TTOPOJIaX.

[l onpenenenus ocobeHHOCTEN GOPMUPOBAHKS Ope-
OJIOB PACIIPOCTPAHEHUS PAMUOHYKJUIOB CIIEIUATICTDI
I'VII MocHIIO «Panon» mpoBesu vccae[oBaHus 1O U3Y-
YEHWIO0 M3MEHEHUS yNIeTbHON aKTHBHOCTH W ee pacipejie-
JIEHUST B TOJIIIE BMEIIAOIINX MOPOT GJIVKHEN 30HbI XpaH!-
gty PAO.

Nndopmanusa 06 M3MEHEHMM YAETbHON aKTUBHOCTH
ObLIa TIOTyYeHa TPy POBeieHn GyPOBBIX padoT, KOTOPBIE
COTPOBOKIAINCH OTOOPOM TPoO BMeNAomuX mopos (1mar
or6opa — 0,25 M) u KUAKOMU (hasbr.

ITo mosryueHHBIM pe3yJbraTaM CTPOUJIHUCH JIMOPBI pac-
npeeJieHnsl PagoHyKINAOB 10 BepTukaau (1o rayou-
He). YuutbiBas 10, uto Gosee 90% pamnoaKTUBHBIX OTXO-
JIOB B XpaHUJIUIIaX rnpezcrasieHo ¥’Cs, 0CHOBHOE BHUMA-
HUe GBIIO y/IeJIEHO PACTIPEIEIEHNIO BO BMEIIAIONINX TTOPO-
JlaX IMEHHO 3TOTO PAJMOHYKJIH/IA.
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are located in climatic areas with scarce atmospheric pre-
cipitation. Figure 1 illustrates the locations of near-surface
radwaste storage facilities against the background maps of
atmospheric precipitation distribution and deficit.

Consider the behaviour of radionuclides in host rock
for the climatic conditions whereby atmospheric precipita-
tion prevails over evaporation.

Obviously, the patterns of filtration or infiltration flows
that carry the radionuclides must also produce a certain
impact on the re-distribution of radionuclides inside host
rock. It would be logical to assume that the distance trav-
elled by radionuclides through well-permeable layers must
be greater than that through weakly-permeable.

In order to study the specifics of how radionuclide dis-
tribution 'haloes’ are formed, specialists of Radon Moscow
performed research of variations in specific activity values
and their distribution through host rock in the near zones
of radwaste storage facilities.

Information about changes of specific activity levels
was collected by drilling and subsequent collection of
samples of host rock (sampling pitch 0.25 m) and liquid
phase.

The results were used to build diagrams representing
vertical (through-depth) distribution of radionuclides.
Considering that more than 90% of radioactivity in the
storage facilities is represented by *’Cs, the focus of stud-
ies was on the distribution of this radionuclide in host rock.

ROCK PERMEABILITY AND RADIONUCLIDE ACTIVITY

As indicated by data that has been collected (over 800
measurements), the vertical pattern of host rock contami-
nation with '¥’Cs is very non-uniform. But in general, the
following trend of recurrence of minimal significant spe-
cific activity excess was observed.

For practically every storage facility, the trend was
to observe most of ¥7Cs contamination within the upper
measurement interval (0-1 m), which characterises the pe-
riodic re-surfacing of radionuclide-containing phase that
occurred in the 1970s-1990s [1, 2, 3] (the so-called Bath
Flooding effect). Also, numerous cases were observed of ra-
dionuclides surfaces through well-permeable rock, as well
as in contact between the storage facilities and surround-
ing rock, between the bottom of the storage facilities and
host rock.

NUCLEAR & ENVIRONMENTAL SAFETY
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NPOHWULAEMOCTb MOPOA U AKTUBHOCTD PARMOHYK/IUA0B

Kak ciemyer us mosrydeHHbIX ganHbix (6osee 800 omnpe-
JIeJIeHMiT), 3arpsisHeHne BMenaommx mopos ¥Cs ¢ riryou-
HOI HOCUT BecbMa HepaBHOMepHbIN xapaktep. Ho B 11esom
MO’KHO OTMETHTD CJIIYIONTYIO TEHAEHITHIO TOBTOPSIEMOCTH
3HAYEHUI TPEBBIIIEHUST YPOBHS MUHUMAIBHO 3HAYMMON
yaeapHON akTHBHOCTH (M3VYA).

[IpakTudecku 1Jist KaXK10TO XPAHUIIUIIA OTMEYeHa TP -
ypoueHHOCTh 3arpsisnenust ''Cs K BepxHeMy HWHTEpBa-
ay onpobosatus (0-1 M), 4TO XapakTepusyer Heprode-
cku moBTopsiinuiicst B 1970-1990 rogax [1, 2, 3] BeIxon HY-
KJIMJICOZIepsKaIieil sKkuIkoi (asel Ha ToBepXHOCTD (3DeKT
Bath Flooding). OT™eueHb! Takke MHOTOYHMCIEHHBIE BBI-
XO/IbI PAIMOHYKJIH/IOB Yepe3 XOPOIIO MTPOHUIAeMbIe TT0PO-
JTBI, @ TAK/Ke HA YIACTKAX COUTECHEHMST GIOKOB XPAHVIIUIIL 1
KOHTAKTHOW 30HbI, MEK/Ly THUIIEM XPAHUJIUIIL U BMEIAI0-
MIMMJ TIOPOIAMU.

B 1iestom, yunThIBas MOCTONWHBIN XapaKTep MepeMerrie-
HUS SKUIKOM (pas3bl BO BMENIAIONINX MTOPOIAX, MOKHO OTMe-
THUTh, YTO TIMKK 3arPASHEHNST IPUYPOUEHbI K Hanbosee Xo-
POIITO BOAOIIPOHUIIAEMbIM YUacTKaM OJIMKHE 30HbI XpaHH-
JINIL

B moarBepskieHMe K BBIIECKA3aHHOMY Ha PHUCYHKe 3
puBeeH MPOoMIIb pacipeeseHIsT MOITHOCTA 9KCIO3U-
uoHHON 10361 (M3/1) B GJMoKHElT 30HE 110 HAIIPABJIEHUIO
OT XPaHWJIUIIA B CTOPOHY OJIVKHEN 30HBI, TOCTPOEHHBIH 110
YeTBIPEM CKBaKMHAM.

W3 ToIy4eHHbIX JaHHBIX CJIEAyeT, 9TO pacrpeneeHne
M3/] HocuT HepaBHOMEPHBIH XapakTep. YacTb akTHBHOCTH
npuypodena K sepxuemy natepsainy (0-1 M), 0 uem 6bLIO
CKa3aHo BbIIe. /[pyrie opeossl — K Pa3iaMyHBIM HHTEPBa-
JlaM, COOTBETCTBYIONIUM IPOCJIOSIM C MOBBIIIEHHOU BOJO-
MIPOHUIIAEMOCTBIO. Kak cienyeT U3 pucyHka 3, paccTosinuie
IPOHUKHOBEHUS OPEOJIa 3arpsi3HEeHKs B OJIVKHEN 30He J10-
CTUTAET HECKOJIbKUX METPOB.

M3MEHEHUE 3HAYEHUIA PH KAK KPUTEPUI BbIXOJA

PAQVOHYKJINA0B B OKPYKAIOLLYIO CPERY

JKunkas daza taxxe aHaTM3MpOBATACh IS OMpe/ie-
JIeHWsT 0cOGEeHHOCTENH GOPMUPOBAHUSI OPEOTIOB 3aTpsi3He-
nwust ¥7Cs.

[Ipu mpoBeneHT MHOTOJIETHIX MOHUTOPUHTOBBIX KC-
CJIeIOBAaHNT M3MEHEHUS YAEeJbHONW aKTUBHOCTU >KUJIKOMN
dasbl (6osee 400 3amepoB) OGHAPYIKEHO, YTO IOBBIIICHKE
BesmunH pH 710 mesnounbix 3navennii (¢ pH=7 1o pH=9-13)
B OJIMKHEN 30He XPaHWINIL HEKOTOPbIM 00Pa3oM CBI3aHO
C yBeJMYEHUEeM 3HAYEHUIT yIeTbHON aKTUBHOCTH JKUIKOI
dasbl.

[Tpuunna yseandenus suadenuii pH B GumkHell 3oHe
xpanusmn; PAO xoporro n3BecTHa, OHa CBS3aHa C TIPOIIeC-
caMi paspylleHust U BbllleJaduBaius OeTOHA W I[EeMEeHT-
HO MaTPHIIBI XPaHUJANI [4]. VIsMeHeHus, mponcxoasmnie
B GeTOHE 1 MaTpULLe, BbIPAKEHbI B KAPOOHATUSZAIMHU, TO €CTh
pacrsopennn Ca(OH), n kpucranrornapaTos ¢ oCaeAy0-
umm obpasosanuem Kanabiura (CaCO,).

Kap6onatusanust — TUIIUYHAS MPUYMHA Pa3pyIIeHUsI
6eTora. OGBIYHO OTHOBPEMEHHO TIPOTEKAET CPA3y 1Ba KOP-
PO3UOHHBIX IIPOIECCA: MEXAaHUYECKOe Pa3pylieHue u3-3a
pactsopenus Ca(OH), cabo MuHepam30BaHHBIME BOJIA-
MU (OH UMeeT MaKCHMAaJIbHYI0 PACTBOPUMOCTD TIO CpaBHe-
HUIO C APYTUMU MPOAYKTAMU TBEPACHUS 1IEMEHTA), a TaK-

BE30MACHOCTb ALEPHbBIX TEXHONOMM 1 OKPYXAIOLEV CPE[bI
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Puc. 2. MoBTopsAeMocTb 3HaueHni npesbiweHnsa M3YA no rnybuxe
6nvkHel 30Hbl XpaHunuwy PAO / Fig. 2. Recurrence of minimal significant
specific activity excess across vertical section of the radwaste storage
facility near zones

In general, considering the layered nature of liquid
phase movement through host rock, it should be noted that
peak values of contamination were observed in the best-
permeable rock within the near zones of storage facilities.

To further reinforce the above conclusion, figure 3 il-
lustrates exposure dose rate distribution profile in the near
zones away from the storage facilities and toward the near
zone, built using information from four test wells.

As follows from acquired data, the distribution of expo-
sure dose rate is non-uniform. Some of the activity is found
in the top interval (0-1 m), as mentioned above. Other con-
tamination haloes were observed within different intervals,
which correspond to layers with higher water permeability.
As seen from figure 3, the distance to which the contami-
nation halo propagates to the near zones is within a few
metres.

PH VARIATION AS A PARAMETER OF RADIONUCLIDE

ESCAPE INTO ENVIRONMENT

Liquid phase was also analysed to study the specific fea-
tures that lead to formation of '*’Cs contamination haloes.

Cks. / Well Cks. / Well Cks. / Well Cks. / Well
12-0 12-1 12-1a 12-2

Tny6una, m / Depth (m)

PaccrosHue oT cTeHKkm xpanunuwa, m / Distance from the wall of the storage unit (m)

Puc. 3. Pacnpegenenvie M3/l B 6nvxkHeln 30He xpaHunuia TPO
Fig. 3. Distribution of exposure dose rate in the near zones of solid waste
storage facilities
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Puc. 4. Tpadunku 3aBucumoctein C=f(pH) ana xpaHunnw, BBefeHHbIX B 3KkcnyaTayumio B 1961 (1), 1975 (2), 1981 (3) 1 1993 (4) ropax
Fig. 4. Diagrams showing the function of C_=f(pH) for waste storage facilities commissioned in 1961 (1), 1975 (2), 1981 (3) and 1993 (4)

JKe paspylieHne IeMEHTHOTO KaMHST yTJIEKUCIBIMU BOJIAMU.
[Ipupopmbie BOIbI YaCTO HACHIIIEHBI YTJEKUCIOTON B KO-
smdectse 15-20 Mr/J1, 4TO yBeJIMYMBAET CKOPOCTh PACTBO-
peHus GeToHa 1 CroCOOCTBYET MEPEXOLy B KUIAKYIO (hasy
pactBopumoro 6ukapbonara kanbuus (Ca>*+2HCO,) no
nenouke: Ca(OH), + CO, = CaCO, + H,0, CaCO, + CO,
+ H,0 = Ca(HCO,),. B atux ycnosusax snauenne pH so-
JTHOTO PacTBOPA, 3aTIOTHSIONIETO TOPbI IIEMEHTHOTO KaMHH,
cocrasiser 12-13.

TakuMm o0pasoM, TOSBJIEHHE IIEJOYHBIX PAacTBOPOB B
6smkaell 3one xpanuiui PAO gBigercss CUTHAJIOM WX
paspylleHns], aKTUBU3AIUU IIPOIECCOB BBIIIETAUNBAHNUS
u (hOPMUPOBAHUS YCJIOBUH JIJISI BBIXO/IA PAJUOHYKJIUIOB B
OKPYKAIOILYIO CPETY.

Bsaumocssasp usmenenus pH u mosBienus paauo-
HykauaoB (1¥7Cs) B GuvkHEl 30He KajkJ0T0 XpaHUJIUIIa
BBIPaKaIaCh IO-Pa3HOMY. B yacTHOCTH, IPU OJTHUX U TEX
JKe 3HaYeHus X nosbimeHus pH, wanpumep, 1o pH=12, B
pasHBIX 0ObeKTaxX yjAeabHast aKTHBHOCTD KUAKON (haszbl
COCTaBJIANA OT €UHUIl U JECATKOB JO HECKOJBKUX ThI-
cau bx/a.

J1J11 OTIeHKH YKa3aHHOI B3aMMOCBI31 OBLIH MTOCTPOEHBI
rpauKu, 10 KOTOPBIM OTIPE/IENSITIOCH M3MEHEHUE Y/IeTbHOM
AKTUBHOCTH B 3aBUCUMOCTH OT 3HadeHuil pH. YuursiBas
pas3InvHbIe CPOKU BBOJIa OOBEKTOB B 9KCILIyaTaI[HIO, & TaK-
JKe pa3Hble 3HAYEHUS Y/IeTbHON aKTUBHOCTH JKUIKOH (hasbl,
copMUpOBaBINENcsa B XpaHUIHIIAX 1 OJUKHEH 30He, CTPO-
minch rpaduKu U3MEHEHUsT OTHOCUTENbHON YIeJbHON aK-
TUBHOCTHU OT/IEJIbHO JIJIsI XPAHUJIUIL, BBEIEHHBIX B 9KCILITya-
taruio B 1960-x, 1970-x u 1980-1990-x rogax.

OtHocuTebHAS yeTbHAs aKTUBHOCTh C  PacCUUTHI-

OTH

Bajlach KaK 4acTHOE OT JeJIeHUs 3HaueHMI yI[e]II)HOI/I aK-

N2 32011

Over many years of monitoring research to track any
changes in specific activity of liquid phase (more than 400
measurements), it was established that alkaline pH values
(pH=7 to pH=9-13) in the near zones of storage facilities
were related in some way to increased levels of liquid phase
specific activity.

The reasons for growing pH values in the near zones of
radwaste storage facilities are well-known: they are associ-
ated with the deterioration and leaching processes occur-
ring in concrete and cement matrix of the storage facili-
ties [4]. The changes that occur in concrete and matrix are
manifesting themselves through carbonatisation, which
means dissolution of Ca(OH), and crystallohydrates with
subsequent formation of calcite (CaCO,).

Carbonatisation is a typical cause for deterioration of
concrete. Usually, two corrosion processes occur at the
same time: mechanical deterioration as a consequence
of dissolution of Ca(OH), in low mineralised waters (it
has the highest solubility as compared to other products
of cement solidification), as well as deterioration of ce-
ment stone by carbonic acid waters. Natural waters are
often saturated with carbon dioxide, to 15-20 mg/litre,
increasing the rate of concrete dissolution and facili-
tating transfer of soluble calcium bicarbonate to liquid
phase (Ca**+2HCO,") following this chain of events:
Ca(OH), + CO, = CaCO, + H,0, CaCO, + CO, + H,0 =
Ca(HCO,),. In such condltlons the pH Value of the wa-
ter solution that fills the pores in cement stone becomes
12-13.

Thus, appearance of alkaline solutions in the near zones
of radwaste storage facilities signals that deterioration
processes are occurring and leaching is going on, creating
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OLIEHKA BE3OMACHOCTU

TUBHOCTHU KUAKOI (hasbl, chopMupoBaBIieiicsa B OnuxKHel
30HE XPAHWUJINII, Ha 3HAYCHUS YAETbHON aKTUBHOCTHU K-
Koit dassr B xpanusniie PAO.

Ha pucynke 4 mnpuBenensl rpadukn 3aBucuMocTeit
C,,,=f(pH) nma xpanmnmmmi, mynienubIx B 5KCILTyaTaIuio B
pasuble fecaTuaeTuss XX Beka.

Kax caenyer n3 mocTpoeHHBIX rpaUKOB, 3aBUCHMOCTH
C,,,=f(pH) npescrasnsaior coboil SKCIOHEHTDI, UMEIONTHe
OTUETJINBbIE NpUpalieHus (pe3koe yBeandeHne 3HaueHmnin )
— ot 3navenunit pH=11-12 u no pH=14.

Takum obpasom, snadenue pH=11-12 apigerca coeo-
OpasHBIM «MapKePOM», XapaKTePU3YIOIUM MOMEHT BBIXO-
Ja pagnonykinoB ¥7Cs B OKPYIKAIOILYIO CPeLy. ITO UMeeT
BaskHOE TIpUKIaaHOe 3HaueHne. OT6op mpob BOIbI, MX TOJI-
TOTOBKA, ITPOBE/ICHNE CIIEKTPOMETPUIECKOTO 1 PATHOXUMU-
YEeCKOTO aHAJIN30B — JIOCTATOYHO JTUTEIbHBIC W TPYIOEeM-
K¥e MEPOTIPHUATHS, 3aTPYAHSIONIE OMepaTHBHOE pearnpo-
BaHUe Ha M3MEHEHNe TeOXUMUIEeCKON U PAIMOMETPUIECKON
obcranoBku. Haymmume kputepust uamenenust pH mosBouisi-
€T COKPATUTh KOJIMYECTBO OTOMPAEMBIX IIPOO U YIAETNTh BHH-
MaHue ToJbKo nmetomuM 3nadenrie pH>11. IIporecc ompe-
nesernst sHaveHnii pH (srakmycoBasi Gymara, aJIeKTPOHHBIN
pH-MeTp) He 3aHUMaeT MHOTO BPEMEHH, YTO /IA€T BO3MOK-
HOCTH OBICTPO PEArnpoBaTh Ha MPOUCXOISAIIIE UZMEHEHMSI.

ITomuMoO 3TOrO, NaHHBI KpUTEpUil IOKa3blBaeT KOH-
KpEeTHBIE YYACTKH BBIXO/IA PAIMOHYKINUOB B OKPY>KAIOIIYTO
CpefIy T0 XOPOIO TTPOHUIIAEMBIM CJIOSIM, TIOKa3bIBas, TeM
CaMBIM, HalpaBJeHHEe OCHOBHOTO (PUIBTPAIMOHHOTO TTOTO-
Ka, YTO MOXKET YIIPOCTUTH MTPOIeCC MOAETNPOBAHNUS 1 TIPO-
THO3WPOBAHNS MUTPAITIH PATNOHYKJINIOB.

B

B nanHnoii ctaTbe ipuBe/IeHbI Pe3yJIbTaThl TOJBKO He3Ha-
YUTEJIbHOW YACTU MCCJIEI0OBAHU, TIPE/IECTBYONIUX BbIBO-
NIy U3 9KCILTyaTaI[iH ITyHKTOB 3aXOPOHEHIS PAJIMOAKTHBHBIX
OTXOJIOB. DTU UCCJIEIOBAHIS CBSI3aHBI C U3yYeHUEM MOBejle-
HUS PAJUOHYKIUIOB B €CTECTBEHHOM Ie0JIOrYeCcKOM Gapbe-
pe, KOTOPBIH, B OT/IMYKEe OT GOJIBIIMHCTBA MHKEHEPHbBIX Oa-
PbEPOB, K MOMEHTY BBIBOJA M3 IKCILIyaTal[dU BBITIOTHSIET
CBOU 3asiBJIEHHbBIE 3a1uTHbIe QyHKInn. Ho naske aToii vacTu
MCCIeI0BaHMIA OCTATOUHO, YTOOBI B OOIIUX 9€PTax ONpeje-
JINTh OCHOBHbIE HATIPABJIEHUS] PEKYJIBTUBAIMK TIJIOIIAIKIL
OYHCTKA TMOBEPXHOCTU WJIU HEJP, PEryJUMPOBAHUE TIO/3EM-
HOTO WJIK TIOBEPXHOCTHOTO CTOKA U T.JI. KoHeuHo, mpuopurer
BBIGOPA TEX UJIN WHBIX MEPOIIPUATHI Oy/IeT 3aBUCETh OT 13-
HAYAJIBHBIX TPUPOIHO-KIMMATHYECKUX YCIOBUI pa3mMelie-
Hus monaaok xpanusmig PAO.
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the conditions for radionuclides to escape into the environ-
ment.

The exact relation between variation in pH and release
of radionuclides (namely, *’Cs) within the near zone of
each storage facility was different. In particular, with the
same elevated pH value, for example, pH=12, specific ac-
tivity of liquid phase on various sites ranged from several
or several dozens to thousands of Bq/litre.

In order to assess the relationship, graphs were built to
showing variation in specific activity as a function of pH.
Considering the different dates of commissioning, as well
as different values of specific activity in liquid phase that
have occurred in the storage facilities and their near zones,
graphs of specific activity variation were built separately
for storage facilities commissioned in the 1960s, 1970s and
1980s-1990s.

Relative specific activity C_ was calculated as the frac-
tion obtained by dividing the value of specific activity in
liquid phase that has occurred in the near zones by the
value of specific activity in liquid phase inside the waste
storage facility.

Figure 4 illustrates dependency of C,_=f(pH) for stor-
age facilities commissioned in the different decades of the
XX century.

As evident from the charts, the C_=f(pH) functions are
exponential, with clear and sharp increases from pH=11-12
to pH=14.

Thus, pH value of 11-12 is a marker of sorts that sig-
nals the beginning of radionuclides (**’Cs) release into the
environment. This conclusion is of particular applied val-
ue. Collection of water samples, their preparation, spec-
trometry and radiochemical analysis are rather lengthy
and labour-consuming processes that make it difficult to
respond promptly to changes in geochemical and radio-
logical conditions. Availability of a pH-based criterion al-
lows reducing the number of samples to be collected and
focus on only those of them that have the pH reading over
11. The pH measurement process (by litmus paper or elec-
tronic pH-meter) does not take a lot of time, meaning that
steps can be taken rapidly to respond to changes as they
occur.

In addition, this criterion can be used to identify exact
locations where radionuclides escape into the environment
through well-permeable layers, thus indicating the direc-
tion of the main filtration flow, which simplifies the process
of modelling and predicting radionuclides migration.

ok ok

This article only covers the results of a small fraction
of research that precedes decommissioning of radioactive
waste storage locations. The research is associated with
studies of radionuclide behaviour in a natural geological
barrier, which, unlike most engineered barriers, still fulfils
its protection function by the time of decommissioning.
Furthermore, even this research is sufficient to identify in
general the main directions for the performance of suite re-
mediation activities: clean-up of surfaces or sub-soil, con-
trol of surface and underground water flows, etc. Of course,
the precise selection of priority measures will depend on
the initial climate conditions at the specific radwaste stor-
age sites.
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