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Pedepar:

1. lucepranis NpuUcCBsAYEHa €KCIIEPUMEHTAIBHUM JOCIIIPKEHHAM Ta IPOTHO3HOMY MOJEJIIOBAHHIO HETaTUBHOTO
BIUJIMBY YPAaHOBUX CIIAJKOBMX O0'€KTIiB Ha ifporeosioriyHe cepeioBulIe Ta HacejaeHHs. JloCii>KeHHs1 BUKOHaHi Ha
IIPUKJIaJi ypaHOBOTO XBOCTOCXOBMILA «3axifHe», siIKe € HalOiJbIll CEPHO3HUM [IKEPEJIOM PalioaKTUBHOrO i
XiMi9YHOTO 3a6pyIHEHHS ITiI3eMHUX BOJ, Ha MaiiaHyuKy [IpuHIinpoBCchKOro ximiyHoro 3aBsony, M.KamsHebke. st
00'€KTY [OCJiIPKEHHS] BUKOHAHO KOMILJIEKC MOHITOPUHTOBUX i JOCiTHO-DibTpaliiiHuX pOOiT, SKi J03BOIUIN
BMKOHATH TifipOreosIoriyHy cxemarusatito. Ha 0OCHOBI JaHUX MOHITOPUHTY Ta F€0XiMiYHOTrO MOJIE/II0BaHHS OYJI0
BUMKOHAHO aHaJli3 reoxXiMiuHMX yMOB Mirpatii 3a6pyHioBauiB (pafiioHyK/Ii1, TOKCUYHI MeTau) B MiI3€MHUX BOJAX.

B pesysbTaTi MOHITOPUHTOBUX AocimkeHs (y 2020-2021 pp.) 6ys10 ofieps>kaHO aKTyasbHi JaHi Ipo 3a0pyIHEeHHS



Ii3eMHUX BOJ, B 30Hi BIIJIMBY 00eKTiB [1X3 pagionykiigzamu psay ypaHy-238 i TOKCHYHUMU MeTajlaMU, a TAaKOX PO
reoxiMiyHi yMoBU B nin3eMHUX Bogax. ['010BHUMU 3a0pyIHIOBaYaMu MiI3€MHUX BOJ, € ypaH (238, 234), TOKCUYHI
MeTanu (MapraHelp, HikeJb, CBUHELlb, MUIII'SIK, PTYTh), MAKPOiOHM (30KpeMa, cyibdart). Ha ocHOBI Bojo6asaHCHUX
PO3paxyHKiB 6yJI0 BU3HAYEHO, 110 3a0pyIHEHHS BOJOHOCHOTO TOPU30HTY B aJIIOBia/IbHUX BiJIKJIA[ax, BipOTigHO,
copMyBasocs B eKCIITyaTalliiHU TIEePiof, XBOCTOCXOBHUINA, B PE3YJIbTATi Y4Oro C()OPMYBAIOCS BTOPUHHE IKEPEIIO
PazioakTUBHOTO 3a0pyHEHHS B BOJOHOCHOMY F'OPU30HTI B ajlI0BiaJIbHUX BifKJagax. 3a pe3ysbTaTaMy reoxXiMiuHOTo
MOJ€JIIOBaHHS Mirpallis 3a6pyHIOBaviB i3 XBOCTOCXOBMINA Bifl0yBa€ThCsI IEPEBAKHO B OKMCJIIOBAJIBHUX YMOBAX.
YpaH Mirpye y BajieHTHill GpopMi 6+ y BUIJIsi KapOOHATHUX KOMILIEKCIB ypaHiny (UO22+), B T.4. y BUIJIAA]
HETaTUBHO 3apPSIPKEHUX KOMILIEKCIB, 1110 00YMOBJIIOE 1OTO BUCOKY MOOLIBbHICTD. 1715 iHIIMX pafliOHYKIIIIIB psLy
ypaHy-238 iHTeHCUBHOI Mirpalii He crioctepiraeTtbcs. 17151 pafioHyKIiLiB psaay ypany-238 O6yiu po3paxoBadi in situ
3HaueHHs1 Kd xBocToBoro matepiany (ypano238 — 2,5-12 s /kr, paziin226 — 200- 7500 51 /kr, cBuHenb-210 - 500-
21000), mo € KII0Y0BUM IapaMeTPOM [1JIs1 IPOTHO3yBaHHS IeOMirpaliiiHux rpouecis. Ha OCHOBI y3arajibHeHHs
IAQHUX riIporeosoriyHOro MOHITOPUHTY, IPOBEIEHUX LOCiAHO-PinbTpaLiiHUX POOIT i reoXiMiYHOrO MOZIEIOBaHHS
IJ151 XBOCTOCXOBMILA «3axigHe» O6yJyio N00Y40BaHO KOHLENTYalbHY MOJ€JIb HEraTUBHUX BIJIUBIB LIbOIO €KOJIOTiYHO-
He6e3MeYHOro 00’eKTY Ha JOBKIJLIS i JIIOAMHY, SIKa BPAaXOBYe IUISIXM Mirpalii 3a6pyJHI0BayiB B F€0JIOTIYHOMY
cepenoBulli, 3axucHi pakTopu (copoOLito, JuCIepcito, palioakTUBHUI po3Maf, i iH.), i MOKJIuBI clieHapii
BMKOPHMCTaHHS MiJJ3EMHUX | IOBEPXHEBUX BOJ, MiCLIEBUM HaCeJIEHHSIM (IMTHE [TOCTAa4YaHHsl, 3pOIIEeHHS ropofy i iH.).
LIs1 KOHLIENTyalbHa MOJI€JIb CTajla OCHOBOIO [1JIs1 IOAAJIBLIOL IOOYA0BY IPOTHO3HUX MAaTEMAaTUYHUX MOJEJIEN
HETaTUBHUX BIUIMBiB XBOCTOCXOBHUILA HA JOBKIJIIS i JIIOAMHY y MOTOYHMX Ta IPDOTHO3HUX YMOBaX. 3a Pe3y/IbTaTaMU
PO3POOKM KOMILIIEKCY JO30BUX MOJIEJIei [J1 OLiHKY BIUIMBIB Bifl 3a0pyJHEHUX BOJ], 3 BAKOPUCTAaHHSIM IIPOrpaMu
NORMALYSA, B IOTOYHMX YMOBaX BUKOPUCTAHHS IiJJ3eMHUX i 1I0BepxHeBUX BOg, (p.KoHOMIIsIHKA, p.JIHIIIPO) B 30Hi
BIUIUBY 00'eKTiB [1X3 (32 MeXamy MPOMMaIaHYMKYy) He HeCe HENIPUIUHSATHUX PalioJIOTiYHMX BIIMBIB 117151
HaceJIeHHs1. 3a pe3yJbTaTaMy KOHCEPBATUBHUX TOKCUKOJIOTIYHMX OLIiHOK MTOTEHIIIHO HE6E3IIeUYHNM € CTIOXKUBAHHS
IIMTHOI BOJM i3 CBEPAJIOBUH BHACJIiOK 3a0pyIHEHHS YPaHOM Ta CIIOKUBAHHS pubU 3 p.KOHOMJISIHKA BHACIAOK ii
3a0pyIHEHHS] MaHTaHOM. |3 BUKOPMCTaHHSIM JAHUX TiIpOreosIoriYHOr0 MOHITOPUHTY JJ1s1 XBOCTOCXOBUILA
«3axigHe» 6ys10 n06yI0BaHO i BiikanibpoBaHo reo-QinbrpauiiiHy (Ha ocHoBi Visual Modflow) Ta reo-mirpauiiiny (Ha
ocHOBi Ecolego / NORMALYSA) mozesi. PeaysibTaTy IpOrHO3HOTO MOJIeJ/II0BaHHS [10Ka3aJsy, 110 OpeoJt
3abpynHeHux ypaHoM (>100 Bk /1) nigzeMHUX BOJ, MIrpye 3a MeXi IPOMUCIIOBOrO MaijaHyuKy [1X3 uepes 420
(¥100) pokiB, i gocsrHe p. Kononsinka yepes 580 (+120) pokiB. PeaysnbTaTyt MOZI€/II0BaHHS CBiI4aTh PO
HEOOXiJIHICTh JOBIOCTPOKOBUX OOMEKEeHb Ha BOJOKOPUCTYBAHHS MiI3€MHUMU BOJIAMU HIKYE 32 TIOTOKOM Bif
XBOCTOCXOBHIIA B MEXXax IIPOMUCIIOBOro Maiianuuky [1X3, a B 6isbl1 JOBrOCTPOKOBIl NIEPCIIEKTUBI — i 3a 1oro
MeXaMu. Pe3sysnbrat MoziesIIoBaHHS Psily BapiaHTiB peMeialliiHUX 3aX0/iB [TOKa3ay, 1o CLieHapill BUJIy4YeHHs
XBOCTIB i3 xBocToCxoBMIIA (i iX Iepe3axOpOHeHHs Ha iHmNil yHKT 36epiraHHs) He Oylie e(PEeKTUBHUM 3aXO0[I0M 3
MO3ULIN 3aXMCTy MiJ3€MHUX BOJ, BHACJIIOK 3HAYHOTO BIUIMBY HA TilpOreoJIoriyHe CepenoBUllle BTOPUHHOTO
ocepenKy 3a06pyIHEeHHs], SIKUl cGOpMYBaBCsl I1iJl XBOCTOCXOBUILEM B aJll0BiaJIbHOMY F'OPU30HTI B II€Piof,
eKcIulyaTauii. 3rifHo QinbTpaliHUX PO3PaxyHKiB, PEMOHT BOLOIPOBIIHUX MEPEX HAa MPpOMManaH4Yuky [1X3 3
METOI0 3MEHIIEHHS TEXHOT€HHOI KOMITOHEHTH iH(inbTPaIiiHOTO JXUBJIEHHSI MOKe MTPU3BECTH 0 MOMIiTHOTO
3MEHIIeHHs MBUAKOCTeN GinbTpallii, i Criprsie Kpaliil 3aXueHoCTi Mif3eMHUX i TOBEpXHEBUX BOJI, Bif,
PazioakTUBHOTO 3a0pyHEHHs. 3a3HaueHi pe3yIbTaTh MOXKYTb OYyTU BPaxOBaHi IIPU po3po06li IJIaHIB peMepianii i
pesiTasizatii mpomucioBoro manganuuka I1X3. Po3pobieHi i annpo6oBaHi METOAMKM aHAJI3y reoMirpauiiHux

IIPOLIECiB i MOZIEJIIOBAaHHS MOXYTb OYTU 3aCTOCOBAHi JJ0 aHaJIONYHUX YPAHOBUX O0'EKTIB SIIEPHOTO CIAIKY.

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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BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB
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Cyxopebpuil ApHosbg, OneKciiioBuy

Cromap Harazis IletpiBHa

VKpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



