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AHOTANIA

Iyoap T. B. Merononoriuni 3acaayd €KOJOTI4HOT Oe3MeKu TEpUTopin 3
TEXHOT'C€HHO-MIACUICHUMH JKEpeIaMu MPUPOAHOTO noxokeHHs. — KBamidikamiiina
HAyKOBa Ipallsd Ha MpaBaxX PYKOIIUCY.

Hucepraiiiss Ha 3700yTTS HAyKOBOTO CTYMNEHsS JOKTOpa TEXHIYHUX HayK 3a
coemianpHIicTIO 21.06.01. «Exkonoriuna Oe3mexkay». HamoHanpHH aBilamliHUNA
yHiBepcureT. Kuis, 2020.

Hucepraiiitna poboTa MNpUCBAYEHA BHUPIIIEHHIO  HAYKOBO-IPUKIAJIHOI
npo0JieMH 3HIKEHHSI HETaTUBHUX HACIIJIKIB BIUIUBY PaJOHOHEOE3IIEUHUX MTPOSIBIB Ha
eKOJIOTIYHY OOCTAaHOBKY HABKOJIO YpPAaHOBHIOOYBHUX Ta NPUJIETIUX TEPUTOPIN
IUISIXOM CTBOPEHHS METOJOJIOTIYHUX OCHOB OIIIHKKM 1 OOIpYyHTYBaHHS MOJENl
KOHTPOJIIO €KOJIOTIYHOTO CTaHy TEPUTOPIN 3 TEXHOTCHHO-MIJACUICHUMH JKEpeIaMu
IPUPOTHOTO MOXOJIKEHHS.

HaykoBo 00rpyHTOBaHO 1 BH3HAY€HO TEpUTOPIi BUIOOYBaHHA Ta
nepepoOJIeHHs] YpaHOBOI CUPOBUHHU y (opMaTi ypaHOBOI CHAIIIMHU ‘‘post-uranium
legacy sites” sk paJiloaKTUBHO 3a0PYJIHEH1 BHACIIJOK aHTPOTOTEHHOI JISJIBHOCTI B
MuHynomy — “affected by past practices”, Nne piBeHb PaJlOaKTHUBHOCTI IOMITHO
nepeBunrye (OHOBUHN, a KOMIIOHEHTH JOBKUUIS XapaKTePU3YIOTHCS IMiIBUIIICHUM
BMICTOM ypaHy, IPOJIYKTIB HOTr0 po3Majay Ta CYIMyTHIX €JIEMEHTIB.

Bunineno Tta y3aranpHeHo 13 ¢akTopiB pagoHOBOi HeOesneku (MPUPOJIHI
MOKJIaJAX ypaHy; BMICT ypaHy B TIpChKMX MOpOJAAX, KOpl BHUBITPIOBAHHS, IPYHTax,
BOJII; TOTY>KHICTh Ta TaMMa-aKTHUBHICTh MOpPIJl OCAJ0BOr0 4YOXJa; MPOCTOPOBa
IIUTHHICTH PO3JIOMIB JIOCTOBIPHMX 1 HEIOCTOBIPHUX Ta JiHeameHTiB 3,4 Ta 5,0,7
MOPSAKIB; BIJICTAaHb BIJl CaHITAPHO-3aXUCHOI 30HU BUIOOYBHOTO IIIMPUEMCTRBA;
MOTYXKHICTh JI03W Ha BUCOTI 1 M) mnsa imeHTudikaiii pagoHOHEOE3NMeYHUX 30H B
MeXaxX TEPUTOPI CyO’ €KTIB TOCIOAAPIOBAHHS HA JIOKATHHOMY PIBHI.

Po3pobaeno meron imeHTudiKalii pajoHOHEOE3NEYHUX 30H, KU BKIHOYAE
kinacuikaiio piBHIB TMOTEHINIHHOI paJlOHOHEOE3NEKH, BPaxoBye MPUPOIHY

PaJI0AKTUBHICTh KOMIIOHEHTIB JOBKULIA, MPOCTOPOBY UIUIBHICTH PO3JIOMIB Ta
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JiHeaMeHTiB, Ta ao3Boyiie 'y 97,50 % =+ 0,94 % BipHO KiacudikyBaTH piBEHb
MOTEHITIITHOT paIOHOBOI HEOE3MEKH TEPUTOPIi.

OOGrpyHTOBaHO JOIIBHICTh 1 MEPCIEKTUBHICTh BUKOPHUCTAHHS YACOBUX CEpiid
JAHUX pajgapHoi 1HTepdepoMeTpii 3eMHOI MOBEPXHI Ta YaCOBUX Cepid JaHMUX
JUCTAHLIMHOT TEpMOMETpli 3eMHOI TOBEpPXHI fAK 1HAMKATOPIB  €KOJOTIYHOI
He0e3MeyHOCTlI TepuTopii Ha 00’€KTOoBOMY piBHI. B Mexax MNpOMHUCIOBUX
MalaHYUKIB JIIFOUMX [IAXT BUILJICHO TECTOBI JIOKAIII1, a 382 1X MeXaMH — KOHTPOJIbHI
(bonoB1). YV Mexax o0OpaHMX JIOKalliii MPOBEICHO CTAaTUCTUYHI BUMIPIOBAHHS
napaMeTpiB YaCOBUX CEpill pajapHOi iHTEpPepoMeTpii, AUCTAHIIINHOT TEpMOMETPIi Ta
1HAEKCY TUCTKOBOI moBepxHi LAI. Po3paxoBaHO 3HaYEHHS CTATUCTUYHOTO KPUTEPIIO
Kpamepa—VYenua, sgkuil 3acTOCOBYETbCS [JIsl MIATBEPIXKEHHS YU CIPOCTYBaHHS
riNoTe3u MPO HANEKHICTh CTATUCTUYHUX BUOIPOK OJAHIM TeHEpanbHIN CYKYIHOCTI.
Jlisa TepuTopiii BCIX TpbOX IIAXT 3HaueHHs kpurtepito Kpamepa—Yemua cyTTeBo
NEPEeBUIIYIOTh IOPOroBi, TOOTO 3a pe3yibTaTaMd BHUMIPIOBAHb  BHSBJIEHO
CTaTHUCTUYHO JOCTOBIPHI BIIMIHM MIX TE€CTOBOIO Ta KOHTPOJBHOIO BHOIpKaMu IJist
napaMeTpiB YaCOBUX CEPill pajapHOi iHTEpPepoMeTpii, AUCTAHIINHOT TEPMOMETPIi Ta
1HJIEKCY JTUCTKOBO1 TOBepxH1 LAI.

3a pesynpraTaMu OOpOOKM 0araToCreKTpadbHUX KOCMIYHUX 3HIMKIB Ta
reONpPOCTOPOBOTO MOJIEIIOBAHHS CTBOPEHO CEPil0 TEeMaTUYHMX KapT Jerpajarii
I'PYHTOBO-POCIMHHOTO TOKPUBY B MEXax JIOKaliid OO0’€KTIB TepUTOpli ypaHOBOI
CHaIMHA YKpaiHu. B ymMoBax 3Ha4yHO1 aHTPOIOTEHHOI EPETBOPEHOCTI MPUPOTHUX
TEXHOT€HHUX KOMIUICKCIB, 30Kpe€Ma TOTaJbHOI PO30PaHOCTI TEPUTOPIi HABKOJU
BUJIOOYBHHMX MIAMPUEMCTB, JUCTAHIINHI JOCHIHDKEHHS JAerpajarlii IPyHTOBO-
POCIIMHHOTO MOKPUBY € pallioHAIbHUM, Maj0 BUTPATHUM METOJIOM JOCIIJIKEHHS JIJIs
BU3HAYCHHS, 30KpeMa, TEPUTOPIH 3 BUCOKUM CTYIEHEM Jerpajailii 3eMeab B SKOCTI
1HIUKAaTOpa eKoJioTiuHo1 HeOe3neku Teputopii. Lle peanbHO CiiyryBaTuMe BasKJIMBUM
BOXUJIEM TpU  OOIPYHTOBAHOMY  VIPABIIHHI TEXHOT€HHO  HAaBAHTAXKEHUMHU
TEPUTOPISIMH.

Bu3HaueHO OCHOBHI WIISAXU JJIsi TPOTHO3YBaHHS NOTEHIINHOI HeOe3neKu

3alUJICHOCT] TIOBITPS, JO3W ONPOMIHEHHS 1 paaialliiHOrO PHU3HMKY BIJl IHUJIOBOTO
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HAJXO/DKCHHS  PaJiOHYKIIAIB B atMocdepy  BiI  MOPOJHUX  BiJBaJIB
ypaHoBU00yBaHHA. JlOCHIIDKEHO BiJBaJIM ypaHOBUIOOYBaHHA SK JDKepesa
panioaKTUBHOTO  3alWJICHHS  MNPU3EMHHX  MIapiB  aTMOC(HEpPHOro  MOBITPS
npioHOAMCHIEpCHUM TUioM (MeHmie 0.25 MM), SIKUi MICTUTh ypaH, NMPOAYKTH HOTO
posmany Ta cynytHi enementu (Th, V, Ni, Cr, Sr, Be, Sc Tompo). VYpan
HAKOMMYYEThCS y MHIyBaTiil (pakuii, ne #oro Bmict ctaHoButb 0,01-0,06 %.
PospaxyHku mjomii BiBalliB MPOBEACHO 3 BUKOPUCTAHHSAM JaHUX CYMYTHHKA
Sentinel-2 Ta uudposoi mozeni penvedy 3emHoi moBepxHi (SRTM, 2000).

3 ypaxyBaHHSM T€0JI0ro-re0XiMiYHUX XapaKTePUCTHK aTbOITUTOBUX POJOBHIILL
pal0aKTUBHI €JIEMEHTH, BaXKKi METaJIM Ta 1HII €JIEMEHTU-CYNyTHUKH YPaHOBOIO
3pyIEHIHHS ~ BHUHOCSTBHCS 3 BIJBalIB BITpaMH Ta aTMoc(hepHUMHU BoOJaMHU 3
MOJIAJIBINION0 iX MITPAIli€l0 Y CUCTEMY IMiI3EMHHUX BOJ, TIOCTYIIOBUM NMPOHUKHEHHSIM Y
I'PYHTH 1 OioJyioriyHi 00’ €kTH. BeTaHOBIEHO, 1110 HAWOLIBIA 1032 ONMPOMIHEHHS, SKY
MOKE€ OTpPHMATH JIIOJIMHA BiJl HAJXODKCHHS Pal0aKTUBHOTO MUY B arMmocdepy,
nopiBHioe 11 wmkOep/pik. JloBeaeHo, IO MNPWKHUTTEBUN pajialliiHUNA PU3UK BiJl
HAJXOKEHHS PaIiOaKTHBHOTO muiy B aTtmochepy nopiBHioe 107 pix' i e
3HEBAXKJIMBO MajuM. PamiamiiiHuii pu3suk MakcuMaibHUIM MOOJIN3y TPaHUIll BiJBATIB.
301IbIICHHS TIJIOIII BiJBAJIIB MPU3BEAE /10 30UIbIICHHS 103 IJi HaceleHHs. Tomy 31
30UIBIIEHHSAM IUIOIIl BiJIBaJliB PEKOMEHJOBAHO 3aCTOCOBYBaTH 3aXOAM UIOJO
3MEHILICHHS BUKUY TTHITY.

Tema mocmimkeHHS € aKTyaJlbHOIO Ta Ma€ Ba)KJIMBE HAyKOBE Ta IMPaKTUYHE
3HAYCHHS.

HaykoBa HOBU3Ha poOOTH TOJATaE B 3aCTOCYBaHHI HOBHUX METOOJIOTIYHUX
MiXO/IB 0 OIIHKK €KOJIOTIYHOI HEeOe3MeKHu TepUTOopii, e € MOTEHIIHHA 3arpo3a
BIUIMBY Ha JOBKULIS Bil HHU3BKOAKTUBHUX TEXHOTEHHO-IIJCHICHUX JDKEpel
IPUPOTHOTO MOXOKeHHS. [Ipu bomy:

ynepuie

* OOIPYHTOBAHO METOJIOJIOTII0 OILIIHIOBAHHS €KOJIOT1YHOI HeOe3MeKH TepUTOpin
[UIIXOM BUIUICHHS 1 OKPECICHHS JIOKalliil BUA0OyBaHHs Ta nepepoOIeHHs ypaHOBOT

CUPOBMHH Yy (oOpMaTi YpaHOBOI CHAAUIMHU «post-uranium legacy sites» Ha
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perioHabHOMY (260 kM x 125 kM) 1 mokabHOMY (40 KM X 25 KM) pIBHSIX 32 TAKUMHU
KjacaMu (pa3oM JIeB’SITh JIOKALlli — Sifes): — TEPUTOPii BIANPAIILOBAHUX YPAHOBUX
POJIOBUIl IIAXTHUM CIOCOOOM Ta METOJOM MiA3EMHOIO  CBEPJIOBUHHOTO
BUJIYTOBYBaHHS; — TEPUTOPIl AIIOYMX YPaHOBUJOOYBHUX MIANPUEMCTB Ta TEPUTOPIi
nepepoOHMX MmiaAnpueMcTB. lle TepuTopii, paaioaKTUBHO 3a0pyJHEHI BHACIIIOK
aHTPONOTEHHOI JISUIBHOCTI B MUHYJIOMY — «affected by past practices», e piBeHb
paIlOaKTUBHOCTI MOMITHO TiepeBuIye (OHOBUM 1 3HAYEHHS TMOTYXKHOCTI
CKBIBAJICHTHOI J03u JocsraroTb 350 Mk3B/TOo, a KOMIIOHEHTH JOBKLLIS
XapaKTepU3yIOThCS MIABUILEHUM BMICTOM ypaHy (mopoau — a0 40-53 r/t; rpyHTH —
m0 0,5-1,9-10%%; Boma — 5-10-°r/n — 9-10-°r/m), mpoAyKTiB HOro posmamy, Ta
CYITyTHIX €JI€MEHTIB;

* po3po0ieHo Merox imeHTudikamii pagoHOHEOE3NMEUYHUX 30H Yy Mexax
TEpUTOPiN CYO’€KTIB TOCHOAApIOBaHHS Ha JIOKAIBHOMY PIiBHI, SKHH BpaxoBY€
OPUPOJIHY PaAlOAKTUBHICTh KOMIIOHEHTIB JOBKULIS, MPOCTOPOBY HIUIBHICTD
posnomiB (Bim 0,11-0,26 kM mo 0,57-0,71 kM HaA 25 KMz) Ta JiHeaMeHTIB 34
nopsiakiB (Bix 1,53-3,65 kM 10 5,79—7,9 km Ha 1 I(Mz), ta go3Boisie y 97,50 % £ 0,94 %
BUIMAKIB KOPEKTHO KJIacu(iKyBaTH piBEHb MOTEHIIIIHOI paloHOBOT HEOE3MEKH;

= TOBEJICHO MAOLIIBHICTh 1 MEPCHEKTUBHICTh BUKOPUCTAHHS JAaHUX pagapHOI
iHTepdepomMeTpii Il BUSBICHHS JIWHAMIKH TPOLECIB ehOpMyBaHHS 3€MHOI
MOBEPXHI Ta JAHUX AUCTAHIIHHOI TEPMOMETPIi JJIsl BUSBJICHHS JOBTOTPUBAINX 3MIH
TeMIepaTypy 3eMHOI MTOBEPXHI SIK 1HIUKATOPIB €KOJOTIYHOI HEOE3MEeYHOCTI B MEXKax
BKKOJIOCTYITHUX TEPUTOPIN HA 00’ €KTOBOMY PiBHI;

VOOCKOHAIEHO !

" MOJICJIb BU3HAYEHHS PIBHSA PaJOHOHEOE3NEKH HAa OCHOBI METOAY JIHIMHMX
JTUCKPUMIHAHTHUX (PYHKIIIH, sIKa BpaxOBY€ MPHUPOJIHY PaJTI0aKTUBHICTD, MTOB’A3aHY 3
BMICTOM YpaHy B KOMIIOHEHTaX JOBKIJUIL B YMOBaX YTBOPEHHSI 30H TPIILIMHYBATOCTI;

= MOJIENIb BUBHAYEHHS PIBHSI MOTEHIIIIHOI 3arp0o3u 3aMuIeHOCTI MOBITPs Ha 6a3i
METOJy JIHIMHHUX TUCKPUMIHAHTHUX (YHKI[IH, SIKa BpaXOBY€ OCHOBHI KJIIMaTH4HI Ta

TEXHOT'€HHO-aHTPOIIOT€HHI (DAKTOPH B MEKaX TEPUTOPIi, 110 aHATI3Y€ETHCS;
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- GOopMyBaHHS oOmnepaTUBHOI 0a3W, W0 € MIATPYHTSIM Uil TPUAHSTTS
YOPaBIIHCHKUX PIIICHB MO0 MEPIIOYeProBOCTI PaIOHOBOIO 3HIMAHHS TEPUTOPIi 3
METOI0 PO3POOKH MPUPOIOOXOPOHHUX 3aXO/1B;

HAOYI0 NOOANBLULO20 PO3BUMKY:

= METO/IMKA TUCTAHIIIITHOTO KapTyBaHHs JIerpajaliii 3eMejlb Ha OCHOBI 00pOOKHU
0araToCrneKkTpalbHUX KOCMIYHMX 3HIMKIB Ta F€ONpPOCTOPOBOTO MOJETIOBAHHS IS
TEPUTOPIN HABKOJIO TMOTEHIIIHHO HEOE3MEeUYHUX 00’ €KTIB;

= METOJIOJIOTISI  OIIHKK  BIUIMBY TMOPOJHUX  BiJBaJliB  ypaHOJ00YBHOIO
BUPOOHUIITBA Ha BEJIMYMHY JO30BUX HABAHTAKEHb HA JIIOJAMHY Bl 3a0pyIHEHHS
aTMOC(EPHOTO MOBITPAI.

[IpakTuHe 3HAaYeHHS OTPUMAHMX pPE3YyJbTAaTiB MIATBEPPKEHI aKTaMu
BIIPOBA/KEHHsSI Ha mianpueMcTBax. Pesynbratn 3a Temamu «Teputopii, 3anmuiieHi
BHACJIIIOK BUJ00YBaHHS Ta IepepoOJICHHs ypaHy: aHajli3 CHUTyarlii B YKpaiHi»,
«Ilactopt pomoBumy ypany 3a BuMoraMmu MATD'ATE», «YkpaiHCbKO-aHTIIHCHKUMA
CIOBHHK 3 TeoJioTii ypaHy» Ta «EneMeHTH-CYyIyTHUKH ypaHy y pOJOBHINAX
anp0iTHTOBOT  (popmartii  YKpaiHCHKOTO IIUTa» BOPOBAHKEHO B  JISIIBHICTH
nepxaBHoro mignpueMctBa «Kiposreosnoriss»y Tta TOB «ATOMHI eHepreTuyHi
cuctemMu Ykpainn». Metonuka iaeHTU(IKaIil pagoHOHEOE3NEeKH TEPUTOPIA Ta
QITOPUTM 3aCTOCYBAHHS METOAY padapHOi 1HTephepoMeTpii BUKOPUCTAHO MpU
BUKOHAHHI HayKoBO-AocHiaHOT pobdotu (2015-2019 pp. Ne JIP 0115U002048) —
IHAK/I3 I'H HAH (miarBepkeHO BIAMOBIIHUMH aKTaMHU BIIPOBAHKCHHS ).

Pesynbrati poOOTH TakoXk BOPOBAIKEHO y HaBUAIbHUU Tpouec Kadenpu
ekoiorii HAY s BUKIagaHHS HAaBUAJIbHUX JUCIUIUIIH (YKpaiHChKOIO Ta
aHTIMchKOI0 MOoBaMM) «Pamioexosnorisy, « MOHITOPUHT JOBKIUIS» TOIIO CTYJIEHTaM
cnenianbHocTl 101 «Exomnorisy.

Martepianu aucepTarliiiHoi poOoTH OyJI0 BUKOPUCTAHO Il HaJdaHHS 1H(popMallii
o Ykpaidi 10 €Bponeiicbkoro atiacy npupoanoi pamiaiii (Joint Research Center of
the EU, 2019) ta y noganpimomMy MOXXyTh OyTH KOPUCHUMH MPU PO3POOIEHH] HAIIO-
HanbHO1 [IporpaMu [iii 100 3HMXKEHHS paflallifHUX PU3UKIB Bifl paJOHY IUIIXOM
BUKOPHUCTaHHS 1H(OpMalLiiHO-aHATITUYHOI 0a3u sIK OCHOBHU JJIsl PUMHATTS yIpaBIIiH-
CBKHUX PINIEHB 11010 3HIKCHHST HETAaTHBHUX HACIIIKIB BILUTUBY PaIOHOBOT HEOE3MEKH Ha
3arajbHy €KOJIOTIYHY OOCTAaHOBKY HaBKOJIO YPAaHOBHIOOYBHHUX Ta MPHJICTIINX

TepI/ITOpiﬁ 3 TGXHOFCHHO-HiIICI/IJIeHI/IMI/I IDKCpCIIaMu ITPUPOAHOIO ITOXOIKCHHA.
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ANNOTATION

Dudar T. V. Methodological principles of environmental safety for
territories with technogenically enhanced sources of natural origin. — Qualifying
scientific work as a manuscript.

The thesis for the degree of doctor of technical sciences, specialty 21.06.01 —
ecological safety. — National Aviation University. Kyiv, 2020.

The thesis is dedicated to solving the scientific and applied problem of
reducing the negative effects of radon hazards on the ecological situation around
uranium mining and adjacent areas by improving methodological approach to
assessing and justifying the model of environmental hazard control for territories with
technogenically enhanced sources of natural origin.

The areas of uranium ore mining and processing from the point of “post-
uranium legacy sites” are identified and outlined as “affected by past practices” and
radioactively contaminated, where the level of radioactivity significantly exceeds the
background, and environmental components are characterized by high content of
uranium, its decay products and associated elements. It is proposed to use remote
sensing methods for geospatial modeling of radon-prone areas, first at regional and
then at local levels.

As a whole 13 radon hazard factors (natural uranium mineralization; uranium
content in rocks, weathering crust, soils, water; thickness and gamma dose rate of
sedimentary rocks cover; spatial density of reliable and unreliable faults and
lineaments of the 3, 4 and 5, 6, 7 orders; distance from the mine’s sanitary protection
zone; dose rate at a height of 1 m) are defined and generalized within the territories of
economic entities at the local level to identify radon-hazardous areas.

Thus, the method for identifying radon-prone areas within the territories of
economic entities is developed. It includes classification of potential radon hazard
levels, takes into account the natural radioactivity of environmental components,
spatial density of faults and lineaments, and allows classifying correctly the level of

potential radon hazard with 97,50 % + 0,94 % probability.
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It is substantiated that time series of radar interferometry and remote
thermometry data of the earth’s surface are worth considering as indicators of
environmental hazard for mining territories (detail level). Within the industrial sites
of operating mines, test and control (background) locations are identified. Within the
selected locations, statistical measurements of time series parameters of radar
interferometry, remote thermometry and leaf surface index (LAI) were performed.
The value of the Kramer-Welch statistical criterion, which is used to confirm or
refute the hypothesis that statistical samples belong to one general population, is
calculated. For the territories of all three mines, the values of the Cramer-Welch
criterion significantly exceed the threshold, ie the measurements revealed statistically
significant differences between test and control samples for the parameters of time
series of radar interferometry, remote thermometry and LA/

The analysis of time series of remote sensing data of the study area for long-
term trends and periodic components mapping was carried out. The linear trends of
the time series of remote sensing data were described by average values for the entire
analysis period and average growths for a certain period. Based on the results of
processing multispectral space images and geospatial modeling, a series of thematic
maps of soil-vegetation cover degradation within the locations of uranium legacy
sites in Ukraine were created. At that the methods of remote mapping of land
degradation based on the processing of multispectral space images and geospatial
modeling for areas around potentially hazardous radiation facilities were further
developed.

Under conditions of significant anthropogenic transformation of natural man-
made complexes, in particular the total plowing of the territory around uranium
mining enterprises, remote sensing of soil and vegetation degradation is a rational,
low-cost research method to identify areas with high land degradation as an indicator
of environmental hazard. This will really serve as an important factor in the sound
management of man-made areas.

The main ways to predict the potential hazard from air dust, radiation doses

and radiation risk from radionuclides intake into the atmosphere from uranium
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mining dumps are identified. Uranium mining dumps as sources of radioactive
contamination of atmospheric air by fine dust (less than 0,25 mm) containing
uranium, its decay products and associated elements (Th, V, Ni, Cr, Sr, Be, Sc, etc.)
are considered. Uranium is accumulated in the dusty fraction, where its content is
0,01-0,06 %. Calculations of mine dumps area were performed using Sentinel-2
satellite data and a digital landform model (SRTM, 2000).

Taking into account the geological and geochemical characteristics of albitite
deposits, radioactive elements, heavy metals and other associated elements of
uranium ore mineralization are removed from dumps by winds and atmospheric
waters with their subsequent migration into the groundwater system, gradual
penetration into soils and biological objects. It is established that the highest radiation
dose that a person can get from radioactive dust is 11 pber/year. It is proved that the
lifetime radiation risk from radioactive dust entry into the atmosphere equals to 10~
years ', and it is negligibly low. The radiation risk is maximum near the boundary of
the dumps. Increasing the area of rock dumps will increase the dose to the population.

The research topic is of important scientific and practical significance. The
scientific novelty of the work deals with application of new methodological
approaches to the assessment of ecological hazard of the territory, where there is a
potential threat to the environment from low-activity technogenically enhanced
sources natural origin. Herewith:

for the first time

= scientifically substantiated territories of uranium mining and processing as
“post-uranium legacy sites” at regional (260 km x 125 km) and local (40 km x 25 km)
levels according to the following classes (a total of nine locations — sites): territories
of depleted uranium deposits developed through mining method and method of
underground in-situ leaching; territories of operating uranium mines; and territories
of processing enterprises. These are areas radioactively contaminated due to
anthropogenic activity in the past — “affected by past practices”, where the level of
radioactivity significantly exceeds the background and the equivalent dose rate

reaches 350 uSv/h, and environmental components are characterized by high uranium
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content (rocks — up to 40-53 g/t, soils — up to 0,5-1,9 ‘104 %, water —
5 - 10-6g/1-9 - 10-2g/1), its decay products, and associated elements;

= the method of radon-hazardous areas identification within the territories of
economic entities at a local level is developed, which takes into account the natural
radioactivity of environmental components, the spatial density of faults (from
0.11-0.26 km to 0.57-0.71 km per 25 km®) and lineaments of 3—4 orders (from
1.53-3.65 km to 5.79—7.9 km per 1 km?), and allows in 97,50 % + 0.94 % of cases to
classify correctly the level of potential radon hazard;

= the radar interferometry data used to detect the dynamics of the earth surface
deformation and the remote thermometry data used to to detect long-term changes in
the earth’s surface temperature are proved worth using as indicators of environmental
hazards within hard-to-reach areas at detail level;

improved.

» the model of radon hazard level identification based on method of linear
discriminant functions, that takes into account natural radioactivity associated with
uranium content in the environment components under conditions of rock-fracted
zones creation;

= the model of air dustiness potential threat based on method of linear
discriminant functions, that takes into account the main climatic and technogenic-
anthropogenic factors within the territory being analyzed;

= creation of the informative database which can be used as a base for decision
making on prioritization of radon survey for the purpose of nature protection
measures;

further developed:

= the method of land degradation remote mapping on the basis of multispectral
space images processing and geospatial modeling for territories around potentially
hazardous facilities;

= methodology for assessing the uranium rock dumps impact on the dose rate

per person due to atmospheric air contamination.
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The obtained results practical importance is confirmed by the relevant acts of
results implementation at the enterprises. Results on “Areas abandoned due to
uranium mining and processing: analysis of the situation in Ukraine”, “Passport of
uranium deposits according to IAEA requirements”, “Ukrainian-English dictionary of
uranium geology” and “Uranium pathfinder elements in deposits of albitite formation
of the Ukrainian Shield” introduced into the activities of the state enterprise
“Kirovgeologiya” and LLC “Atomic Energy Systems of Ukraine”. The method of
radon hazard area identification and algorithm of application of the radar
interferometry was used in the research work (2015-2019 Ne DR 0115U002048) —
Carse IGN NAS of Ukraine.

The results are also introduced into the academic process of the Department of
Environmental Studies of NAU for delivering disciplines (Ukrainian and English)
“Radioecology”, “Environmental Monitoring”, “Geology and Fundamentals of
Mineralogy” for students majoring in 101 “Ecology”.

The materials of the dissertation were used to provide information on Ukraine
to the European Atlas of Natural Radiation (Joint Research Center of the EU, 2019)
and in the future can be useful in developing a National Action Program to reduce
radiation risks from radon by using developed information and analytical base for
management decisions to reduce the negative effects of radon hazards on the overall
environmental situation around uranium mining and adjacent areas having
technogenically enhanced sources of natural origin

Keywords: environmental safety, technogenically enhanced sources of natural
radiation, radon hazard, radiation hazard, uranium legacy sites, remote sensing of the

Earth, multispectral space images.
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