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1. Anani3 reomirpauifiHux POLECIB i OL[iHKM PUBNKY PaJlioaKTUBHOTO i XIM{YHOrO 3a0pyAHEHHS MTiA3€MHUX BOJ, Ha

YPaHOBUX CIIaIKOBUX 00'€KTaX.

2. Analysis of groundwater flow and transport processes and assessment of impacts of radioactive and chemical
contamination of groundwater at uranium production legacy sites on environment and population.

Pedepar:

1. ﬂl/lcepTaL{iH IIPUCBAYE€HA EKCIIEPUMEHTAJIbBHUM ,HOCJILU,)KCHHHM Ta IIPOTHO3HOMY MOJE€JIIOBAHHIO HETAaTUBHOTO

BIUIMBY YPAHOBUX CIIAJIKOBUX O0’'€KTIB Ha riiporeosioriyHe cepefoBULIe Ta HaceaeHHs. [JoCii)KeHHs] BUKOHaHI Ha

[IPUKJIaJi ypaHOBOI'O XBOCTOCXOBUILA «3axifjHe», siKe € HalbiJbIll CePHO3HUM [IKepesioM PalioaKTUBHOIO i

XiMiYHOTO 3a6pyIHEHHS Ii3eMHUX BOJ, Ha MailaHyuKy [IpuiHIMpOBChKOro XiMiuHOro 3aBoxy, M.KamsHcbke. [is

00’€KTy OCJIiI>KEHHS BUKOHAHO KOMILIEKC MOHITOPMHIOBUX i OCTiIHO-QinbTpaliiiHuxX pooiT, sIKi J03BOIUIIN



BHMKOHATH TifpOreoJIoriyHy cxeMmaTusaliito. Ha OCHOBI JaHMX MOHITOPHHTY Ta Fre0XiMiYHOTO MOJIe/II0BaHHS 0YJI0
BHMKOHAHO aHaJIi3 reoXiMiuyHUX yMOB Mirpauii 3a0pyiHIOBauiB (pafioOHyKJIiA¥, TOKCUYHI MeTasIn) B MiJl3eMHUX BOZAX.
B pesysbTaTi MOHITOPUHIOBUX AocimkeHs (y 2020-2021 pp.) 6ys10 ofiep>kaHO aKTyasbHi JaHi Ipo 3a0pyIHEHHS
IiI3eMHUX BOJ, B 30Hi BIIIMBY 06’eKTiB [1X3 pasionykiigamu psaay ypany-238 i TOKCMYHUMU MeTajlaMU, a TaKOX IPO
reoximiuHi yMoBU B niiI3eMHUX Bojax. ['0710BHMMH 3a0pyJHIOBaYaMU MiJJ3eMHUX BOZ, € ypaH (238, 234), TOKCHUYHi
MeTasy (MapraHelp, HikeJjb, CBUHELb, MULT'SK, PTYTh), MAKPOiOHU (30KpeMa, cysibdaT). Ha ocHOBi BogobasaHCHUX
PO3paxyHKiB 6yJI0 BU3HAUYEHO, 110 3a06pyIHEHHS BOJOHOCHOTO TOPU30HTY B aJlIOBia/IbHUX BiJIKJIa[ax, BiporigHoO,
cpopMyBasocs B eKCITyaTalliliHuii 1epio; XBOCTOCXOBUIIA, B PE3YJIbTaTi YOro cpOPMYyBaOCsl BTOPUHHE IXKEPEJIO
PazioakTUBHOTO 3a0pyHEHHS B BOJJOHOCHOMY F'OPU30HTI B aJII0BiaJIbHUX BifKJazaX. 3a pe3ysbTaTaMy reoxXiMiyHOTro
MOJeJIIOBaHHS Mirpallist 3a6pyHI0BaviB i3 XBOCTOCXOBHINA BiZlOYBa€ThCsI IEPEBAXKHO B OKMCJIIOBAJIBHUX YMOBAX.
YpaH Mirpye y BajsieHTHill GpopMi 6+ y BUTJIsii KapOOHATHUX KOMILIEKCIB ypaHiny (UO22+), B T.4. y BUIJIAA]
HETaTMBHO 3apsIKEHNX KOMILJIEKCIB, 10 00YMOBJIIOE OTO BUCOKY MOOIIBHICTD. [I7151 iHIIMX pafiOHyKIIiAiB psay
ypaHy-238 iHTeHCUBHOI Mirpatii He crioctepiraerbcs. 1715 pafioHyKIiLiB psny ypany-238 6yyiu po3paxoBadi in situ
3HaueHHs Kd xBocToBoro matepiany (ypano238 — 2,5-12 s1/kr, paziiin226 — 200~ 7500 51 /kr, cBuHenb-210 - 500-
21000), 1m0 € KII0YOBUM NTapaMeTPOM JJ1s1 TPOTHO3YBaHHS reoMirpauiiHux npouecis. Ha ocHOBi y3aranbHeHHS
IAHUX MiIporeosoriyHOr0 MOHITOPUHTY, IPOBEIEHUX LOCiAHO-PinbTpaLiiHUX POOIT i reoXiMiYHOrO MOZIETIOBaHHS
L7151 XBOCTOCXOBUILA «3axigHe» O6yJyio N0o0YL0BaHO KOHLENTYalbHY MOJI€Jlb HEraTUBHUX BIJIMBIB LIbOIO €KOJIOTiYHO-
Hebe3Me4YHOro 06'eKTy Ha JOBKIJUIA i JIIOAUHY, sIKa BpaxOBYye LJIIXU Mirpalii 3a0pyAHIOBauiB B r€0JI0TiYHOMY
cepenoBulli, 3axucHi pakTopu (copoOLilo, JuCIepcito, palioakTUBHUN po3Maf, i iH.), i MOKJIuBI ceHapii
BHUKOPHUCTaHHS MiJI3eMHUX | [IOBEPXHEBUX BOJ, MiCLIEBUM HaCeJIEHHSIM ([IMTHE [TOCTavyaHHsl, 3pOIIeHHs ropofy i iH.).
LIs1 KOHLIeNTyalbHa MOJI€JIb CTajla OCHOBOIO 17151 IOAQJIBLIOL I00YA0BY IPOTHO3HUX MaTEMAaTUYHUX MOJEsIeN
HEraTUBHUX BIUIMBiB XBOCTOCXOBHUILA HA OBKIJIS i JIIOAMHY y MOTOYHUX Ta IPOTHO3HUX YMOBaX. 3a Pe3y/IbTaTaMu
PO3PpOOKU KOMILJIEKCY LO30BUX MOJeJIel 1 OL[iHKY BIUIMBIB Bif, 3a0pylHEHUX BOJ, 3 BUKOPHUCTAHHIM IIPOrpamMu
NORMALYSA, B IOTOYHMX YMOBaX BUKOPUCTAHHS I1i7J3eMHUX i 1I0BepxHeBUX Bog, (p.KoHoMIIsIHKA, p.JIHIIIPO) B 30Hi
BIJIMBY 00'eKTiB [1X3 (32 Me>kamMy IPOMMAaiIaHYMKy) He HeCE HEITPUIHATHUX PaJli0JIOTiYHUX BIUIMBIB 1151
HaceJIeHHs. 3a pe3ysbTaTaMyi KOHCEPBATUBHUX TOKCHUKOJIOTIYHUX OLiHOK IIOTEHIiITHO He6e3IeYHNM € CIIOKMBAHHS
IIMTHOI BOJM i3 CBEPAJIOBUH BHACJIiOK 3a0pyIHEHHS YPaHOM Ta CIIOXUBAHHS pubU 3 p.KOHOMJISIHKA BHACIAOK ii
3a0pyJHEHHS] MaHTaHOM. |3 BUKOPUCTaHHSM JIaHUX TilpOre0sIoriYHOr0 MOHITOPUHTY Jj1s1 XBOCTOCXOBUILA
«3axigHe» 6yy10 N06yn0BaHO i BikanibpoBaHo reo-QinbrpauiiiHy (Ha ocHoOBi Visual Modflow) Ta reo-mirpauiiiny (Ha
ocHoBi Ecolego / NORMALYSA) mozeti. Pe3ysibTaTy MPOrHO3HOTO MOJEJII0OBAHHS [10Ka3aJIu, 10 OPEOJI
3a0pygHeHux ypaHoM (>100 Bk /1) nigzeMHuX BOJ, Mirpye 3a MeXXi IPOMUCIIOBOrO MaiiaHuuky [1X3 uepes 420
(x100) pokiB, i mocsarae p. Konomsinka yepes 580 (+120) pokis. Pe3ysipTaTi MOJIE€/IIOBAaHHS CBiiYaTh PO
HeOOXiJIHICTh JOBIOCTPOKOBUX 0OMEKEeHb Ha BOJOKOPUCTYBAHHS MiI3€MHUMU BOJIAMU HIDKYE 32 TIOTOKOM Bif
XBOCTOCXOBHIIA B MEXKax ITPOMUCIIOBOro Maiinanuuky [1X3, a B 6is1b11 JOBrOCTPOKOBIl NI€PCIIeKTUBI — i 3a ioro
MeXaMu. Pe3dysnbTaty MoZiesIloBaHHS Psifly BapiaHTiB peMefialliiHUX 3aX0/1iB IT0Ka3asy, 10 CLieHapill BUIy4yeHHs
XBOCTIB i3 xBocToCxoBMIIA (i iX Nepe3axOpOHeHHs Ha iHMNil yHKT 36epiraHHs) He O6ye e(PeKTUBHUM 3aXO0JI0M 3
MO3ULiN 3aXUCTY MiJ3€MHUX BOJ, BHACJIIOK 3HAYHOTO BIVIMBY Ha TiflpOre0JIoriYHe CEPENOBUILE BTOPUHHOTO
ocepeJKy 3a0pyIHEeHHs], SIKUI chOpMyBaBCsl I1iJi XBOCTOCXOBUILEM B aJll0BiaJlbHOMY F'OPU30HTI B I1€piof,
eKcIulyaTauii. 3rifHo QinbTpaLifHUX PO3PaxyHKiB, PEMOHT BOJIOIIPOBIIHUX MEPEX HAa MpOMManaHYuky [1X3 3
METOIO 3MEHIIEHHS TEXHOT€HHOI KOMIIOHEHTH iH(IIbTPALIIHOTO KUBJIEHHSI MOXKE IIPU3BECTU [0 TOMITHOTO
3MEHIIeHHs MBUAKOCTEN GinbTpallii, i Criprsie Kpaliil 3aXUeHOoCTi Mif3eMHUX i TOBEpXHEBUX BOJI Bif
PazioakTUBHOTO 3a0pyHEHHS. 3a3HaueHi pe3y/IbTaTh MOXKYTb OYyTU BpaxoBaHi IIpU po3po0Li IJIaHiB peMmepianii i
pesiTasizatii mpomucioBoro Manganuuka I1X3. Po3pobieHi i anpo6oBaHi METOAMKY aHAJIi3y reoMirpauiiHux

IIPOLIECIB i MOZEJIIOBAaHHS MOXKYTb OYTH 3aCTOCOBAHI 0 aHaJIOTYHUX YPAHOBUX O0'€KTIB SIE€PHOTO CIAKY.

2. The dissertation is devoted to experimental studies and modeling predictions of the negative impact of uranium
production legacy sites on the hydrogeological environment and the population. The studies were conducted on
the example of the «Zahidne» uranium mill tailing, which is the most serious source of radioactive and chemical
contamination of groundwater at the site of the Prydniprovsky Chemical Plant, Kamianske. A set of monitoring and



experimental hudraulic field tests was carried out for the study site, which allowed to perform hydrogeological
schematization. Based on the monitoring data and geochemical modeling, geochemical conditions of pollutant
(radionuclides, toxic metals) migration in groundwater were analysed. As a result of monitoring studies (in 2020-
2021), actual data of groundwater contamination in the zone of influence of PChP site with radionuclides of the
uranium-238 series and toxic metals and geochemical conditions in groundwater were obtained. The main
groundwater contaminants are uranium (238, 234), toxic metals (manganese, nickel, lead, arsenic, mercury), and
macroions (in particular, sulfate). On the basis of water balance methods it is estimated that contamination of the
aquifer in alluvial deposits probably formed during the operational period of the uranium mill tailing, resulting in
the formation of a secondary source of radioactive contamination in the aquifer in alluvial deposits. According to
geochemical modeling, the migration of contaminants from the tailings occurs mainly in oxidizing conditions.
Uranium migrates in the valence form 6+ in uranyl carbonate complexes (UO22+), including negatively charged
complexes, which causes its high mobility. No intensive migration was observed for other radionuclides of the
uranium-238 series. The Kd of tailing material for radionuclides of uranium-238 decay series was estimated (Un238
- 2.5-121/kg, Ran226 - 200-7500 1 /kg, Pb-210 - 500-21000 1/kg), which is a key parameter for predicting
geomigration processes. On the basis of hydrogeological monitoring data, hydraulic testing and geochemical
modeling a conceptual model of «Zahidne» uranium mill tailing as a source of hazardous impacts on the
environment and population was developed. This model takes into account the pathways of contaminant migration
in the geological environment, protective factors (sorption, dispersion, radioactive decay, etc.), and possible
scenarios for the use of groundwater and surface water by the local population (drinking water supply, garden
irrigation, etc.). This conceptual model became the basis for further development of mathematical modeling
predictions of the negative impacts of the tailings on the environment and population under current and long-
term conditions. As a result of development of a set of dose models for assessing impacts from contaminated water
using the NORMALYSA software, under current conditions, using of groundwater and surface water (Konoplyanka
River, Dnipro River) in the zone of influence of the PChP site (outside the industrial site) does not pose
unacceptable radiological risks to the population. According to conservative toxicological assessments drinking
water consumption from wells is potentially dangerous due to uranium contamination, and consumption of fish
from the Konoplyanka River is potentially dangerous due to manganese contamination. Groundwater monitoring
data were used to develop and calibrate the groundwater flow model (based on Visual Modflow software) and
transport model (based on Ecolego / NORMALYSA softwate) of «Zahidne» uranium mill tailing. Modeling results
shows that the main front (>100 Bq /1) of uranium-contaminated groundwater will migrate outside the PChP
industrial site in 420 (+100) years, and reaches the Konoplyanka River in 580 (+120) years. The modeling results
indicate the need for long-term restrictions on the use of groundwater downstream of the uranium mill tailings
within the PChP industrial site, and in the longer term - beyond the PChP site. As a result of modelling of several
remediation scenarios the retrieval of wastes from the uranium mill tailing and their re-disposal to another facility
will not be an efficient measure from the point of view of groundwater protection due to the contamination source
in the alluvial aquifer formed during the operation period of uranium mill tailing. According to flow calculations,
reconstruction of water supply networks at the PChP site to reduce the technigenic component of infiltration
recharge can provide to a significant reduction in flow velocity rates and contribute to better protection of
groundwater and surface water from radioactive contamination. The developed and approbated monitoring and
modeling techniques can be applied to similar uranium production legacy sites.
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