AHOTANIA

Bopo6iioB O. M. EKOJIOI'TYHA BE3IIEKA BOJHOI'O I'OCIIOJAPCTBA
CHEIJAJI3OBAHUX NIJIIPUEMCTB 3 OPTAHI3AIIII NOBO/JKEHHS 3
PAJIOAKTUBHUMMH BIAXOJAMM — KpanidikaiiitHa HayKoBa mpalis Ha ipaBax
PYKOTIHCY.

Jucepmayis na 3000ymms Haykogo2o cmyneHsi 0okmopa @inocogii 3a
cneyianonicmio 183 — Texnonozii  3axucmy HABKOAUWHBO20 CepeOosUd. —
Xapxiscokuii HayioHanbHuul yYHigepcumem Micokoco 2ocnodapcmea imeni O. M.

bexemosa, m. Xapxis, 20235.

[IpobGiemu 3abe3reueHHs €KOJOTTYHOI O€3MeKu y cepi BOJHOTO rocroaapcTBa
MIJNPUEMCTB, 110 3IIMCHIOIOTh AISUTBHICTH 3  OpraHizaili IOBOJKEHHS 3
PaJlOaKTUBHUMH BIJXOJaMH, HaOyBalOTh OCOOJMBOI aKTyallbHOCTI B YMOBax
3pOCTaHHs TEXHOTEHHOT0 HAaBAaHTAXKEHHS Ta HEOOX1AHOCT1 JOTPUMAHHS MI>KHAPOTHUX
CTaHJAPTIB SJIEPHOI Ta pamiaiiHol 6e3neku. 3HaYHUM 0OCAT PIAKUX PaJTi0aKTHBHUX
BIJIXO/IIB, 1110 YTBOPIOIOTHCA Y MPOIIECt eKCIuTyaTallii 00’ €KTIB sIAEPHOI EHEPTETUKU Ta
HAyKOBO-JIOCTITHUX YCTAaHOB, CTBOPIOE PHU3UKHA 3a0pyAHCHHS TIOBEPXHEBHX 1
MIJ36MHUX BOJHUX PECYpCIB, IO BHUMAara€ po3poOJieHHS Ta BIPOBAKECHHS
e(heKTUBHUX TEXHOJIOT1H iX 00pOOIEHHS, 3HEITKOKEHHS Ta 13071111, JloCiKeHHs y
[bOMY HampsMi CHOPsIMOBaHI Ha YJOCKOHAJIEHHS CHUCTEM YIIPABIiHHS BOJHUMU
pecypcaMu CHeIliaidi30BaHuX MMiANPUEMCTB, OOIPYHTOBAHO MOXJIMBOCTI OCAQIKCHHS
PaZI0AKTUBHUX CIOJYK 13 BUPOOHMYMX CTIYHHMX BOJ MIJMPUEMCTB MpPH iX CKHUJI B
MICBKY KaHali3alliiiHy MEpexy.

VY nepmioMy po3aiiai PO3MJISSHYTO OCOOJMBOCTI TOBOKEHHS 3 PIAKUMHU
pamioakTuBHUMH Bigxogamu (PPB) y mporieci opranizaiiii BOJHOTO rocrnojapcTBa
CTEIiaTi30BaHUX MIANPUEMCTB 3 Oprafizaiii MOBOPKEHHS 3 PaJli0aKTHBHUMU
Bimxonamu. [IpoaHasnizoBaHO Cy4YaCcHUM CTaH BOJHOTO TOCIOAAPCTBA MPOMHUCIOBUX

MIIPUEMCTB Ta 3aXOJM 13 3aXUCTy MOBEPXHEBHUX BOAOWM Bin 3a0pyaHeHHs PPB,



JOCITIPKEHO YWHHE HOPMATHBHO-IIPABOBE 3a0€3MEUCHHS Ta MIKHAPOIHUN IOCBIA y
cdhepi TOBOKEHHS 3 TAKUMHM Bijgxoaamu. Ha mijicTaBi KpUTHYHOTO aHAII3y HayKOBO-
TEXHIYHOI JITepaTypu Ta TMPAKTUYHUX MPUKIAAIB CHOPMYIHOBAHO HAMPSIMU
JOCITIJKEHHS, 1110 TTepe10avaroTh:

. BHUBUYEHHS OCOOJIMBOCTEN opraHizailii, KOHTPOJIIO Ta YIPaBIiHHSA BOJHUM
TOCIIOIaPCTBOM CIIEIIaTi30BaHUX MIANPUEMCTB, aHalll3 MOro HOPMaTHUBHO-TPABOBOL
0a3u Ta MPaKTUIHOTO JOCBIY;

. OIIIHKY €KOJIOT1YHO1 OE3MEeKH MPOIECIB JIOKATBHOT OUUCTKH, BiJABEICHHS
Ta TPAHCIOPTYBAHHS CTIYHUX BOJ CTaHLIi Je3aKTUBAllli BUPOOIB, 3a0pyJHEHUX
13otoramu Topiro-232, Paniro-226, Kaniro-40, [{e3iro-137 ta ﬁony-13 I;

. BHU3HAYEHHS PIBHS €KOJIOTIYHOI O€3MEeKH BOJHOIO TOCMOAAPCTBA IYHKTY
3aXOpPOHEHHS paJl0aKTUBHUX BIOXOJIB IUIAXOM MOHITOPUHTY 3a0pyJIHEHHS
MIJI3EMHUX BOJ TPHUTIEM;

. MIPOBEICHHS E€KCIIEPUMEHTATBLHUX JOCIIHDKCHb 3 METOI BCTAHOBIICHHS
ONTUMAJIbHUX YTPABIISAIOYHX T Ta TApaMeTPiB TEXHOJIOT1T €KOJIOTTYHO Oe3MeuHOoro i
€KOHOMIYHO JIOIIJIbHOTO BUIAJICHHS PAJIII0 3 PIIKUX BIXOJIIB IIIIXOM OCaJ[KEHHS,

. pPO3pOOKY YIOCKOHAJIGHUX PIIIEHb IS KOHTEHHEPHOIro 30epiraHHs
TBEPIUX PATI0AKTUBHUX BIAXOIB K 3aBEPIIATHLHOTO €TaIly TEXHOJIOT1i MOBOIXKEHHS 3
PIIKUMU paJiiiBMICHUMHU B1JXOJJaMH.

VY npyromy po3maiii qucepTariii po3riasHyTO 0COOJMBOCTI B3a€EMO/II1 BUPOOHUYNX
CTIYHMX BOJ|, IO MICTITh NPUPOAHI Ta IITY4YHI PATIOHYKIIAH, 3 MICBKUMHU
KaHaTI3alliiHUMH CTOKaMH, a TaKOX MOXJIMBI HACHIIKH TaKuX TMPOIECIB IS
exosoriyHoi O6e3nexu. [IpoananizoBaHO PU3UKU YTBOPEHHS €KOJIOTIYHO HEOE3MEUHUX
CIOJIYK, 30KpeMa OcCaiB PaJi0aKTUBHUX PEUOBMH, HA CTIHKAX TPyOONpOBOAIB Ta
YTBOPEHHsI ra30noAi0HuX 1 po3unHHUX (opm 3a0pynHioBayiB. HaBeneHo pesynbTaTu
PO3paxXyHKIB CEIUMEHTAIIMHUX BIIACTUBOCTEH CIIONYK, II0 MOXYTh BUHUKATH TIPH
KOHTAKTI BUPOOHUYHUX 1 MICBKHX CTOKIB, 13 3aCTOCYBaHHSIM MPOTrPaMHOI0 MOJYJISI Ha

MoBi Java. JIOCHIIKEHO TEXHOJOTIYHI MPOILECH JOKAThHOI OYMCTKU CTIYHUX BOJ Y



CHellali30BaHOMY  BIAJIICHHI  J€3aKTHBAIlli,  BKJIIOYAIOYM  BUKOPUCTAHHS
CIPUYaHOKHCIIOTO 3aj1i3a K KOAryJsHTY Ta OIIHKY €()eKTUBHOCTI BUITYUEHHSI OCHOBHHUX
pamionykmiaie  (Th-232, Ra-226, K-40, Cs-137, 1-131). IlpoBemeno anami3
pPamIoNOTIYHOTO MOHITOPHHTY Ta BH3HAYEHO, IO KOHIEHTpAIil paaiOaKTUBHUX
3a0pyHIOBAYiB y BUPOOHUYHX CTOKAX 1 MiJI3EMHUX BOJAaX HE MEPEBUILYIOTh IPAHUYHO
JIOTyCTUMHX PIBHIB, @ YTBOPEHHS Pa/llOaKTUBHUX OCA/IIB Y MICBKMX KaHai3allliHUX
KOJIEKTOPAX 33 CYYaCHUX YMOB €KCIUTyaTallii € MaJOMMOBIPHHUM.

Y TpeTboMy pO3AUTI JTOCHII)KEHO BHKOPUCTAHHS TPUTIIO SK 1HIMKATOpa
HAJXO/DKEHHS Ta TIOMIUPEHHSA PAaIlOaKTUBHOI BOJAM B IMIJ3€MHUX BOJOHOCHHX
TOPU30HTAX Yy 30HI BIUIMBY IyHKTY 3aXOpOHEHHsS paaioakTuBHUX BiaxoiiB ([I3PB)
XapkiBcbkoi MikoosacHol ¢uiii JCII «O0’ennanns «Pamon». OxapakTepru3oBaHO
(13MKO-XIMIYHI BJIACTUBOCTI TPUTIIO, WOrO poJib y (OPMYBaHHI PalOEKOJIOTTYHOI
HeOe3NeKn Ta LUISIXM Mirpaiii y OpUpoJHUX eKkocucTemax. HaBeneHo pesynbratu
0araTopiuyHOr0 MOHITOPUHTY BMICTY TPHUTIIO Yy BOAl 3 24 HarJIAJI0BUX CBEPAJIOBHUH,
KOJIOZS31B Ta MOBEPXHEBUX BOAOMMHUII y MeXaX CAHITAPHO-3aXMCHOI 30HU Ta 30HU
crioctepekeHHs. [IpoanaiizoBaHo NpUYMHM Ta HACTIKHY JIOKAJIBHOT pajialiiftHoi aBapii
1997 poky, 10 mpu3Bela OO0 MIABUIICHHS KOHLEHTpAUld TPUTIIO B OKPEMHX
MOHITOPUHTY Ta JIOAATKOBOTO OYpIHHS CHOCTEPEKHUX CBEPVIOBUH. BeTaHoBIEHO, O
32 OCTaHHI JeCATUPIYYs B1IOYBAETHCS CTAOUIBHE 3HMKEHHS KOHIICHTpAIl TPUTIIO y
MiJ3eMHUX Bojax, 1 ctaHoMm Ha 2023 pik y 88 % cBep/ioBUH HOTO BMICT JOCST
HOPMATHUBHO JOMYCTUMHUX PIBHIB; 32 MEKaMH CaHITAPHO-3aXMCHOI 30HU MEPEBUIICHD
HOPMATHBIB HE 3a()iKCOBAHO.

VY yerBepTOMY PO3/1I1 PO3IIITHYTO MPOLIECH EPEPOOKH PIAKUX PATIOaKTUBHUX
BixoiB (PAB) 3 MeTO0 3MeHIIIeHHS iX 00’ €My Ta BUIAJICHHS PalOHYKJI1/IB, 30KpeMa
pamito-226, NUIIXOM TEPEeBEACHHS WOro y BOJMOHEpo3unHHMM cTaH. OO0’ ekTamu
JnociiKeHHs: Oynu sk peanibHi piaki PAB 13 xouTelinepiB nuwiamy IlontaBcbkoro

HI'JIY, Tak 1 MomenbHI cepeloBUIa, XapaKTEepHI JJII CXOBUII KOPOTKOICHYIOUYHX



HU3BKO- Ta CEPEAHBOAKTUBHUX BIAXOMIB. EKcmepuMeHTH NPOBOAUIHUCT Y
Creliaii30BaHii akpeaUTOBaH1N 1abopaTopii 3 BUKOPHUCTAHHAM TEXHOJIOT11 COJIOBOTO
oM’ sikimeHHs. [loka3zaHo, 1Mo ocaKeHHs KAJIBINI0 Y BUTIISIII KapOOHATy 3a0e3mneuye
OJTHOYACHE OCa/DKEHHS pajiio, a e()EeKTHBHICTh MPOIECY 3aJEKUTh BiJ XIMIYHOTO
CKJIaJy BHXIJIHOT PIAMHM, 30KpeMa BMICTY MarHito. 30UIbLIEHHS 03U KapOoHATy
HaTpio B 1,5 pasza BiJg po3paxyHKOBOI MiABUINYBalI0 eeKTUBHICTh BUIyueHHsS Ra-226
10 99,4 % y monenbHux 3pazkax i 1o 100 % y aeskux peanbHux npodax. Busiieno
MO3UTHBHY KOPEJAIII0 MK BHAAICHHSAM Kajbllifo Ta Ra-226. 3ampomnoHoBaHO
BIIPOBAXKEHHSI IPYTOi CTYyNEH1 OUYMIIEHHS (IOBTOPHE COJIOBE MOM’ SIKIIEHHS, COPOIIIs,
XIMIYHI Y1 MeMOpaHHI METOJIM) JJIsl JOCSITHEHHS 3aJIMIIKOBOT akTUBHOCTI Ra-226 Ha
piBH1 1 bx/n. PanioakTuBH1 ocaan, 110 YTBOPIOIOTHCS MICHsI OCAHKEHHS, IPUIATHI JUJIs
Oe3meyHoro 30epiraiHs y cxoBuiax teepaux PAB.

VY m’aromy po3nuli MPEeACTaBICHO Pe3yJbTaTH JOCIITHO-KOHCTPYKTOPCHKHUX
poOIT 31 CTBOpEHHA Ta cepTU(iKalii naKyBaibHOro kommiekry tumy [P-2 KTT3-HC-
1-02.00.00, mpu3HayeHOTO 1Sl TPAHCTIOPTYBAHHS Ta TAMYACOBOTO 30€piraHHs HU3bKO-
1 CEepeIHbOAKTHUBHUX TBEPJUX PAJI0AKTUBHUX BIAXOIiB. P0o3pobiieHa KOHCTpYKIUis
3abe3reuye HEOOX1JHUN piBEHb TEPMETUYHOCTI, MIITHOCTI Ta CTIMKOCTI 0 30BHIIIHIX
BIUIMBIB BIJIMOB1THO J0 HAIlIOHAJBHUX Ta MDKHAPOIHUX BUMOT Oe3reku. [lakyBanbHU
KOMIUIEKT OOJIaIHAHO YIIIJIBHIOIOUUMH  €JIE€MEHTaMH, 3pyYHUMHU CTPOMOBUMU
OPUCTPOSIMUA [Tl 3aBAHTAKCHHS/PO3BAHTAXKEHHS Ta 3aXHCHUM TOKPUTTSIM Bij
aTMOC(EepHHX BIUIMBIB. BH3Ha4€HO MOr0 OCHOBHI TEXHIYHI XapaKTEPUCTHKU Ta
MPOBEJICHO EKCIIEPUMEHTaIbHI BUMPOOYBaHHS, SIKI MIATBEPAUSIM BIAMOBIIHICTh
BUMOTaM €KCIUTyaTaIlliiHO1 HaIIHHOCTI Ta TePMETUYHOCTI. BUKOpUCTaHHS KOMIUIEKTY
JT03BOJISIE MIJBUILIMTH €(PEKTUBHICTh MPOIIECiB 30UpaHHs, 30epiraHHs Ta NEePEeBE3CHHS
tBepaux PAB, 30kpema y HagTOBHI00YBHIN Ta ra30BUIO0YBHINA ramy3sx, a TaKOXK
BUpIIITYE MpoOJieMy OE3MEeYHOTO TOBOKEHHS 3 HAKOMUYCHUMH IUIAMOBUMH

BIIXO/laMH. 3ampoIllOHOBAaHE TEXHIYHE PIMIEHHS CHOpUSE MIABUIICHHIO PIBHA
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eKOJIOTiYHOI Oe3rmekr Ta Ma€ TOTEHIal s ajanTtamii B 1HmmMX cdepax
MIPOMUCJIOBOCTI.

OTpuMaHi pe3yibTaTd MAalOTh 3HAYHUI HAYKOBHM 1 MPAaKTUYHUN MOTEHIIIA,
OCKIJTbKM ~ €KCIIEpUMEHTAJILHO BHW3HAYCHO BIUIMB KOHIIGHTpAIlii MarHir0o Ha
e(eKTUBHICTh BUJAJICHHS paJil0 TpH COJAOBOMY IOM SKIIEHHI CEpEIOBHIIA.
Y 10CKOHAJIEHO METOANKY BU3HAYEHHS Maco00’ €MHUX KOHIICHTPAIM paTiOHyKIIIIB y
BOAHUX cepenoBuinax. [loganbioro po3BUTKy HaOyJIM METOIU YNPABIIHHSA PIAKAMU
paIloaKTUBHUMH BIIXOJAaMH IIJISAXOM OCA/UKEHHS PpaJllOaKTUBHUX €JIEMEHTIB 1
30epiraHHsl YTBOPEHUX OCaJIB Ta BIPOBAKEHHS CYYaCHHX METOJIIB IEpPEBEICHHS
PIIKUX palOaKTUBHUX BIIXOMIB y Oe3nmeuyHy TBepay ¢dazy Ta iX MOAANIbIIOrO
KOHTEHHEpPYBaHHS 3 METOIO MiHIMI3allil HETATUBHOIO BIIMBY HA JOBKULIA Ta 3/I0POB S
HaCEJICHHSI.

KurouoBi ciaoBa: cranuii po3BUTOK, €KOJIOTIYHA Oe3meka, pajaioakTHUBHI
BIJIXOI, BOJIHE TOCIOAApCTBO, MIPOMUCIIOBI CTI4YHI BOJH, MapaMmeTpH SKOCTI BOJIH,
PaJIOHYKIIIIM, OYHUCHI CHOPYAH, OYHCTKA CTIYHUX BOJ, MYHKT 3aXOpPOHEHHS
pPaJl0aKTUBHUX BIJXOJIIB, pajiallifHUN CTaH, MOHITOPUHT, OCa/PKEHHS, pajdiil, COJ0BE
NOM’ SIKIIEHHS, €()EeKT BUAAJIEHHS, MarHii, KOHTEHpyBaHHS,

ABSTRACT

Vorobyov O. M. ENVIRONMENTAL SAFETY OF WATER
MANAGEMENT AT SPECIALIZED ENTERPRISES FOR RADIOACTIVE
WASTE MANAGEMENT - Qualification scientific work (manuscript).
Dissertation for obtaining the degree of Doctor of Philosophy in specialty 183 —
Environmental Protection Technologies. — O. M. Beketov National University of Urban

Economy in Kharkiv, Kharkiv, 2025.

The issues of ensuring environmental safety in the field of water management at

enterprises engaged in radioactive waste management are becoming increasingly
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relevant under the conditions of growing technogenic pressure and the need to comply
with international nuclear and radiation safety standards. A significant amount of liquid
radioactive waste generated during the operation of nuclear energy facilities and
research institutions poses risks of contamination of surface and groundwater resources,
which necessitates the development and implementation of effective technologies for
their treatment, decontamination, and isolation. Research in this direction is aimed at
improving the water management systems of specialized enterprises; the possibilities
of precipitating radioactive compounds from industrial wastewater during their
discharge into urban sewage networks have been substantiated.

The first chapter examines the features of handling liquid radioactive waste
(LRW) in the process of organizing water management at specialized radioactive waste
management enterprises. The current state of industrial water management and
measures for protecting surface water bodies from LRW contamination are analyzed.
The regulatory framework and international experience in this field are reviewed. Based
on a critical analysis of scientific and technical literature and practical cases, the
research directions were defined, including:
* studying the organization, control, and management of water systems at specialized
enterprises, analysis of legal and practical aspects;
« assessing the environmental safety of local treatment, discharge, and transportation
processes of wastewater from decontamination stations contaminated with isotopes of
Thorium-232, Radium-226, Potassium-40, Cesium-137, and lodine-131;

* determining the environmental safety level of water management at a
radioactive waste disposal site through monitoring tritium contamination of
groundwater;

* conducting experimental research to establish optimal control actions and
parameters for environmentally safe and economically feasible radium removal from

liquid waste via precipitation;
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* developing improved solutions for containerized storage of solid radioactive
waste as the final stage of processing radium-containing liquid waste.

The second chapter explores the interactions between industrial effluents
containing natural and artificial radionuclides and urban sewage, as well as the potential
consequences for environmental safety. The risks of forming environmentally
hazardous compounds — particularly radioactive precipitates on pipeline surfaces and
the generation of gaseous or soluble pollutants — are analyzed. The results of
sedimentation property calculations for compounds that may form during wastewater
interactions are presented using a Java-based software module. The technological
processes of local wastewater treatment at the decontamination department are studied,
including the use of ferric sulfate as a coagulant and evaluation of removal efficiency
for key radionuclides (Th-232, Ra-226, K-40, Cs-137, I-131). Radiological monitoring
analysis showed that concentrations of radioactive pollutants in industrial wastewater
and groundwater do not exceed permissible limits, and the formation of radioactive
sediments in urban sewer systems under current conditions is unlikely.

The third chapter investigates the use of tritium as an indicator of the movement
and distribution of radioactive water in groundwater horizons within the impact zone
of the radioactive waste disposal site (RWDS) of the Kharkiv Interregional Branch of
the “Radon” State Corporation. The physicochemical properties of tritium, its role in
radiological hazard formation, and migration pathways in natural ecosystems are
characterized. The results of long-term monitoring of tritium concentrations in water
from 24 observation wells, wells, and surface reservoirs within the sanitary protection
and observation zones are presented. The causes and consequences of a local radiation
accident in 1997, which led to increased trittum concentrations in certain wells, as well
as mitigation and monitoring network reconstruction measures, are analyzed. It was
found that trittum concentrations in groundwater have been steadily decreasing over
the past decades, and by 2023, 88% of wells reached permissible levels; no exceedances

were recorded outside the sanitary protection zone.
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The fourth chapter discusses liquid radioactive waste (RAW) treatment
processes aimed at volume reduction and radionuclide removal, particularly Radium-
226, by converting it into an insoluble form. The study objects included both real liquid
RAW from sludge containers of the Poltava Oil and Gas Production Department and
model media typical for short-lived low- and intermediate-level waste repositories.
Experiments were carried out in a specialized accredited laboratory using a soda
softening technology. It was shown that calcium precipitation as carbonate ensures
simultaneous radium removal, with efficiency depending on the chemical composition
of the liquid, particularly magnesium content. Increasing sodium carbonate dosage by
1.5 times above the calculated amount increased Ra-226 removal efficiency up to
99.4% in model samples and 100% in some real samples. A positive correlation
between calcium and Ra-226 removal was found. The introduction of a secondary
treatment stage (repeated soda softening, sorption, or membrane methods) was
proposed to achieve residual Ra-226 activity at 1 Bq/L. The resulting radioactive sludge
1s suitable for safe storage in solid RAW repositories.

The fifth chapter presents the results of design and certification work for the IP-
2 KTTZ-NS-1-02.00.00 type packaging set intended for transportation and temporary
storage of low- and intermediate-level solid radioactive waste. The developed design
ensures the required levels of tightness, strength, and resistance to external impacts in
accordance with national and international safety requirements. The packaging set
includes sealing elements, convenient lifting devices for loading/unloading, and
protective coating against weather effects. Its main technical characteristics were
determined, and experimental tests confirmed compliance with operational reliability
and hermeticity requirements. The use of the packaging set improves the efficiency of
collection, storage, and transportation of solid RAW, particularly in the oil and gas
industries, and addresses the issue of safe management of accumulated sludge waste.
The proposed technical solution enhances environmental safety and can be adapted for

other industrial applications.
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The obtained results have significant scientific and practical potential, as the
influence of magnesium concentration on radium removal efficiency during soda
softening was experimentally determined. The methodology for determining mass—
volume concentrations of radionuclides in aqueous environments was improved.
Further development was achieved in methods for managing liquid radioactive waste
through precipitation and safe storage of the resulting sludge, as well as implementation
of modern technologies for converting liquid radioactive waste into a stable solid phase
and containerization to minimize adverse environmental and health impacts.

Keywords: sustainable development, environmental safety, radioactive waste,
water management, industrial wastewater, water quality parameters, radionuclides,
treatment facilities, wastewater treatment, radioactive waste disposal site, radiation
condition, monitoring, precipitation, radium, soda softening, removal efficiency,

magnesium, containerization.
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