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BMICT IIPUPOAHUX PAAIOHYKJIIAIB Y TEXHOJOTI'TYHUX
BIJIXOOAX BUAOBYBHOI TA IEPEPOBHOI ITIPOMUCJIOBOCTI
VKPAIHU

Merta: ouiHuTy BMicT npupogHux pagionyknigis (MPH) y npomucnosux Bigxonax i BU3HAUMTK, AKi rany3i HalioHanb-
HOT NPOMMCNOBOCTI NiANaAaloTb Nif PerynaTOpHUA KOHTPOb.
06’ekT i meToau. Binbip 3paskiB Ta ix aHani3 npoBefeHo 3a €AMHUMU NpoToKoNamMu. Beboro gocnigkeHo 250 3pas-
KiB. [lna BUMiploBaHb BMicTy npupofHux pagioHyknigis (MPH) BukopucToByBanu raMma-cneKTpoOMETPUYHY CUCTEMY
ORTEC (CLUA) 3 HaniBNpOBifHWKOBMUM LETEKTOPOM 3 BUCOKOUMCTOro repMaHito (HPGe). Po3paxyHkoBa MiHiManbHa fe-
TEKTOBaHa aKTUBHiCTb A yacy BuMiptoBaHHsA 3600 c cknana 0,5 bk/kr ans °Ra i #2Th 1a 1,5 bk/kr gnsa “K.
Pesynbratu. 06cTexeHo 32 nignpuemctsa (250 3pa3kiB) pi3HuX ranyseit BUAOOYTKY Ta NepepobKM KOPUCHKX Kona-
NvH. BcTaHoBNEeHO pafioHYKNigHWA CKnap BiAXOAiB 3aMi30pyAHMX NiLNPUEMCTB, NiLNPUMEMCTB KOJNLOPOBOT MeTa-
nyprii Ta HadbToraszoBoi iHAycTpii. BctaHoBneHo, wWo cepeaHiit Bmict MNMPH y Bigxomax 3anizopygHux nignpuemcTs
Bapitoe ana “°Pb Big 70 go 96 bk/kr, ?°Ra — Big 14 no 45 bk/kr, “K — Big 21 go 350 bk/kr, 2?Th — Big 5 po 26 bk/kr
128U - Big 19 fo 48 bk/Kr. BusHaueHo, Wwo B meTanypriiHin npommcnosocTi BMicT [PH y Bigxoaax HUMX4e piBHA 3Bifb-
HEHHSA Bif perynaTopHoro KoHTponto. CepeaHi KOHUEHTpaLii OKpeMux pafioHykNifiB He nepeBuuyoTb 10-20 Bk/Kr.
MakcumanbHi akTuBHocTi MPH 3adikcoBaHi y HadTOBMA00YBHiN NpoMucnoBocTi. BcTaHoBNEHO, L0 cepeaHi KoHLe-
HTpauii MPH y 3pa3kax wnamiB MoxyTb BigpisHaTUCS B Tpu pa3un. CepeaHi akTusHocTi MPH cknanu 8440 bk/kr ans
?26Ra, 28 600 bk/Kkr — ans #?Th, 11 000 bk/kr — ans ?°Ph. BctaHoBneHo, wo BMicT MPH y BigknageHHsAx Tpy6 nexuTb
B gianasoHi gns #°Pb Big 3 no 11 kbk/kr, ?*°Ra — Big 2,9 po 8,4 kbk/kr, ?*Th - Big 0,8 o 2,8 kbk/kr, ?*®U - Big 0,18
1o 6,9 kKbk/kr.
BucHoBKu. [locnigxKeHHs KOHLEeHTpaLii NpUpPoAHMX PaAioHYKNIAiB Y BiAX0oAax BUSBUAM HEOOXiAHICTb 3anpoBafiXKeH-
HS PerynsTopHOro KOHTposio i HachTonepepo6HOT NPOMUCNOBOCTEN.
KniouoBi cnoBa: npuvpopHi pagioHyknigu, Bigxoau, wnamu, BigknageHHs Tpyo, piBHi 3BiNbHEHHS.
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THE CONTENT OF NATURAL RADIONUCLIDES IN
TECHNOLOGICAL RESIDUES OF UKRAINIAN INDUSTRIES

Objective: to assess the naturally occurring radioactive materials (NORM) content in industrial waste in Ukraine and
assess which industries should be a subject for the reqgulatory oversight.

Methods. Sampling and analysis followed the same procedure in all cases. 250 samples were taken in total. High-
resolution gamma spectrometry system ORTEK (US) with the high-purity germanium semiconductor detector (HPGe)
were used for sample measurements. AMERSHAM (Germany) standard source was used for calibration of the gamma
spectrometer. The estimated minimum detected activity for the measurement time of 3600 s was 0.5 Bqg/kg for
Thorium-232, and Radium-226 and 1.5 Bq/kg for Potassium-40.

Results. Industries with the potential NORM content in their waste were approached in this research. 32 enterpris-
es were the subject for investigation. It has been established average content of NORM in waste iron ore enterpris-
es varies from 210 to 100 Bg/kg, ?°Ra - from 14 to 45 Bq/kg, “°K — from 21 to 350 Bq/kg, #*Th — from 5 to 26 Bq/kg
and #8U - from 19 to 48 Bq/kg. It was determined the content of NORM in waste is lower than the exemption lev-
els. The average concentration of individual radionuclides does not exceed 10-20 Bq/kg. The assessment of the
NORM average activity concentration in sludge and waste samples from different spots of the industrial site esti-
mated that values may differ as much as 3 times, with average activity of 8,440 Bq/kg for **Ra, 28,600 Bqg/kg for
232Th, 11,000 Bg/kg for 2*°Pb. The NORM level in pipe sediments and silts of oil exceed the established exemption lev-
els and range as follows: #°Pb 3-11 kBq/kg, *Ra 2.9-8.4 kBq/kg, #**Th 0.8-2.8 kBq/kg, **U 0.18-6.9 kBq/kg.
Conclusion. Monitoring of the NORM levels in wastes has identified the need to establish regulatory control and

oversight of the oil industry in the country.

Key words: natural radioactivity, waste, sludge, pipe sediments, exemption level.
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BCTVYII

BunoOyrok i mepepoOka KOpMCHMX KOMaJIWMH, a TaKOXK
Ha(pTU Ta razy MOXYTb TeHepyBaTH BEIUKi oOCATH 3a-
JIVIIIKIB 3 TABUIIIEHUM BMiCTOM MPUPOIHUX PaTiOHYKIi-
niB (ITPH) (ycTaneHa Ha3Ba aHIIIICHKOIO MOBOIO — Natu-
rally Occurring Radioactive Material (NORM)). Taxi Bin-
Xoau (pPyOHiI XBOCTU, TUTABWJIBHI IIJIAKW Ta IIJIAMM), SIKi
CIoyaTKy Oy/JIM YaCTMHOIO TEXHOJIOTIUHOI PyIu, MOXYTh
MICTUTH 3HAYHi aKTUBHOCTI ypany-238 (**U), Topito-232
(3*Th), pamiro-226 (**Ra) Ta mmpomyKTiB ix posmnany [1—8].

VY motomy 2015 poky KabineT MiHicTpiB Ykpainu 3at-
BepAUB TJIaH BUKOHaHHsI  JupexktuBum  Pamm
2013/59/€Bpoatom [9—10]. PerymoBaHHS IIPOMUCIIO-
BUX BigxoniB, 1o Mmictats ITPH, € ogHiero 3 Bumor du-
pPeKTUBH, sIKa Oyzie BBeJeHa B YKpaiHi.

IMonan 45 % tepuropii YKkpainu po3raiioBaHO Ha YK-
palHCbKOMY KPUCTaJiYHOMY IIWTi, TipChbKMUM MOpOIaM
sIKOro nputamaHHuit nigsBuiieHuii smict ITPH ypano-
Boro pany (puc. 1) [1]. Tomy maiixe Bci ripHnyo-30ara-
YyBaJIbHI MiAMPUEMCTBA YKpaiHH, a caMe MiANpUEMCTBA

P« Tetiana O. Pavlenko, e-mail: tpavienko@ukr.net

INTRODUCTION

The mining and processing of metal ore mine-
rals and oil may generate large volumes of
NORM (Naturally Occurring Radioactive
Material) wastes. These wastes include ore tail-
ings, smelter slag and sludge, some of which
contain elevated concentrations of uranium
(**U), thorium (*?Th), radium (**Ra) and their
decay products that were originally part of the
process feed ore [1-8].

In February 2015 the Cabinet of Ministers of Uk-
raine approved the implementation plan of the Coun-
cil Directive 2013/59/Euratom [9—10]. Regulation of
industrial waste containing NORM is one of the
Directive requirements to be introduced in Ukraine.

It should be noted that more than 45 % of the
Ukrainian territory is situated on the Crystalline
Shield with high level of natural radioactivity (Fig. 1)
[1]. Almost all Ukrainian mining and processing
industries are located in the crystalline shield, name-
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KoHueHTpauii pagoHy B nig3em-
HUX Bofax noHag 37 000 bk/n
The radon concentrations in
groundwater are more than
37,000 Bg/L

AHomanii Topito B KpUCTaNiyHUX
P nopogax

Fixed an abnormal content of

torium in rocks

Fixed anomalous uranium in rocks
AHomanii ypaHy B KpUCTanivHMx nopoaax

YKpaiHCbKuUM
KPUCTaNiuyHUIA WUT
Ukrainian
Crystalline Shield

PucyHoK 1. leonoriyHa ctpykrypa Ykpainm [1]
Figure 1. Geological structure of Ukraine [1]

3 BUZOOYTKY i mepepoOoKn Ha(pTH Ta ra3y, KOJIbLOPOBUX i
piaKicHO3eMeIbHUX MEeTaliB, 3ali3HOI pyau MOTparuisi-
IOTh Y TPYIy pu3uKy moao BMicty ITPH.

META JOCIII2KEHHSA

OwiHka BMiCTy IPUPOIHUX PAdiOHYKIIiAiB B IPOMMCIIO-
BUX BiIXoJax i BA3HAUYECHHS rajly3eil HallioHaJIbHOI MPO-
MUCJIOBOCTI, $IKi MiANaAaloTh il PEryJasiTOpHUN KOHT-
pOJIb.

OB’€EKTU 1 METOAU JOCIII2KEHHSA

VYV nocnigkeHHs1 OyJaMd BKIIIOYEHiI MiAMNPUEMCTBA BUIO-
OyBHOI i MepepoOHOT IIPOMUCIIOBOCTI, TEXHOJIOTIYHI 3a-
JIMIIKU KX MOXKYTh TTOTEHLITHO MiCTUTU BUCOKi KOH-
nentpatii ITPH. Bcboro 6yno obcrexxeHo 32 mimampu-
eMcTBa i BinidopaHo 6au3bko 250 3paskiB. Binbip 3pas3kiB
i Bu3HaueHHs BMmicty ITPH npoBoauiu 3a omHaKOBOIO
MPOILIEAYPOIO Y BCiX BUMaAKaX.

Bin6ip 3paskiB mpoBoauaM MpeacTaBHUKU IMiANPH-
€MCTB ITiJ HaTJIsIIOM iHCcIeKTopiB JlepkaBHOI iHCIEK-
il sgaepHOro peryjaroBaHHS YKpaiHu. s KOoXXHOro
3pas3Ka 3alloBHIOBAJIM TIPOTOKOJI, IKUI MicTUB iHdOP-
Mallito Ipo NiANPpUEMCTBO, OTO aapecy, AaTy Bindopy
3pa3Ka i Moro TUIl, KOOpJAMHATU Bigdopy 3pa3ka. 3pas-
KU BigOMWpaiu BUIIaAKOBUM UYMHOM Ha TEPUTOPIl XBOC-

ly: oil and gas extraction, oil and gas processing,
mining of non-ferrous metals, non-ferrous metal
extraction industry, iron ore extraction industry.

OBJECTIVE

This research work had a purpose to assess the
NORM content in industrial waste in Ukraine and
assess which industries should be a subject for the
regulatory oversight.

METHODS

Industries with the potential NORM content in
their waste were approached in this research.
The 32 industrial enterprises were the subject
for investigation and about 250 samples were
taken in total. Sampling and assay of the
NORM content followed the same procedure in
all cases.

Sampling was done by the industry representa-
tives under supervision of inspectors of the State
Nuclear Regulatory Inspectorate. The inspectors
filled in sampling protocols. The protocol con-
tains information on the enterprise, its contact
information, type of sample, date, and sampling
coordinates. The waste samples were randomly
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TOCXOBHIII ab0 B cemapartopax IIJaMiB Ha TepUTODPii
MPOMUCIOBUX MinnprueMcTB. KoxXeH 3pa3ok SBISIB CO-
0010 00’emHAHUI 3pa30K 3 5 TOYKOBUX 3pa3KiB, Bimi-
OpaHUX METOJIOM «KOHBEpTa» IO KyTaxX i B LIEHTPi BU-
OpaHoI1 AiSTHKM.

MeTton BUMiproBaHHS
s BUMiproBaHHS 3pa3KiB BUKOPHUCTOBYBAJIM TamMMa-
CIIEKTPOMETPUYHY CHCTeMa BMCOKOI pPO3IiIbHOI 3/1aT-
HocTi ORTEK (CIITA) 3 HaniBOpOBiTHUKOBUM JETEKTO-
poM 3 BUcokouncroro repmaniio (HPGe), BctanoBie-
HUM Yy CTaJIbHOMY 3aXMCTi TOBIIMHO 20 cM, i OaraToka-
HaJIbHMM aHaJIi3aTOPOM 3 eMYJISITOPOM ITPOTPaMHOTO 3a-
OearneueHHs. Jliama3oH BUMipIOBaHHSI €Hepriil ramMmma-
BUTIPOMiHIOBaHHS cTaHOBUTH Big 50 keB mo 3000 xeB.

KaniopoBky ramMmma-creKTpoMeTpa MpoBOAUIIM 3a J10-
TMOMOTOI0 PadiOHYKJIiZHOTO JXepesia clelialbHOTO
npusHadyeHHs Tuny AMERSHAM Ne BE 261 (Himeu-
YMHA) 3 IEBHUM HAOOPOM PamdiOHYKITiIiB BiZOMOi aKTHB-
HOCTi, SIK€ 3HAaXOOUTHCS Y CTAaHAAPTHOMY KOHTeHepi
TiIy MapiHe/uTi, aKTUBHUM 00’eMoM 1 11 i TyCTUHOIO
1 r/cm®. Po3pminbHa eHepreTMyHa 3AaTHICTh CKJagaia
2,5 keB g ramma-ninii “Co 1,33 MeB.

Po3paxyHkoBa MiHiMallbHa JeTeKTOBaHAa aKTUBHICTb
Ut yacy BuMiproBanHs 3600 ¢ ckimagana 0,5 Bx/kr mig
26Ra i *’Th ta 1,5 bx/kr — g “K.

PE3VIJIBTATU JOCIIIZKEHHA

TA IX OBTOBOPEHHS4

3amizopyasi mianpuemcTa

B pobGoti O0yau gochiaxkeHi Bigxoau ABOX KOMOiHATIB,
110 BUAOOYBAIOTh 3aJli3HY PYyAy, I'€OJIOTOPO3BidyBabHi
MaiIaHYUKKU Ta 6 TPUIENIUX IIaXT.

BcranoBeHo, 110 Ha TIEPLIOMY ITIAIIPUEMCTBI BHECOK
210Pb cknamae Ginbine 40 % Bim 3arajabHOI KOHIEHTpALIIT
PaJiOHYKIIIAIB 3 MAaKCUMAaJIbHOIO aKTUBHICTIO 96 BK/KT.
Bwmictu **Ra, “K i U maiixXe He BiIpi3HAIOThCH i cTa-
HoBiaTh 14 bk/kr, 21 bx/kr i 19 Bbk/Kr, BigmosimgHo.
MaxkcuMaibHa KoHueHTpatist *Th ckiana 5 bk/kr, U —
1 bk/kr.

BusHaueHo, 1110 aKTUBHICTh BiIXOMdiB APYroro 3aaizo-
PYIHOIO MiANPUEMCTBA (4 1IaXTW) BU3HAYAETHCS B OC-
HoBHOMY “K — 68 % (MakcuMmajibHa KOHIEHTpaLlist 499
bx/kr) Ta ?Pb — 17 % (108 Bk/kr). BHecok iHIIuX
pamionykiigis ckias: 0,2 % — **U, 6,4 % — 226Ra 3
MaKCHUMaJIbHUMM aKTUBHOCTSIMU **Ra 45 Bk/Kr (1axrta
Ne 3), 26 bk/kr — **Th (uraxta Ne 6), **U — 43 Bk/kr
(mmaxta Ne 4) i 25U — 1,5 bx/kr (mraxra Ne 6).

BcraHoBeHO TaKOX, 1110 KOHIIEHTPALlisl paaiOHyKJIiTiB
Y BiIX0JaX BiIpi3HSIEThCS 3aJIEXKHO BiJ pOKY BUPOOHULIT-
Ba. [Ipote Bmict ITPH B XXoaHiit 3 BUOIpOK He MepPEBUILLY-

taken in tailing sites or sludge separators on indus-
try enterprises. Each sample was a combined
sample from 5 spot samples selected by the
method of «envelope» at the corners and the cen-
ter of the study site.

Measurements

High-resolution gamma spectrometry system
ORTEK (US) with a high-purity germanium
semiconductor detector (HPGe) and multi-chan-
nel analyzer with software emulator were used for
sample measurements. The thickness of the steel
protection system was 20 cm. The range of gamma
radiation energy measurements ranged from 50 keV
to 3000 keV.

The gamma spectrometer calibration was carried
out using the radionuclide source of AMERSHAM
No. IE 261 (Germany) with a certain set of known
radionuclides activity in the standard Marinelli con-
tainer of 1 1 capacity and the density of 1 g/cm?3. The
range of gamma radiation energy measurements
ranged from 50 keV to 3000 keV. Resolving power
was 2.5 keV for the gamma line “Co 1.33 MeV.

The estimated minimum detected activity for the
measurement time of 3600 s was 0.5 Bg/kg for
22Th, and **Ra and 1.5 Bq/kg for “K.

RESULTS

AND DISCUSSION

The iron ore extraction industry

Wastes of two iron ore extraction combines,
including prospecting sites and 6 adhering mines
were investigated.

It was established that *°Pb makes over 40 % of the
total activity concentration in all samples from the
first combine, with maximum activity 96 Bq/kg. Acti-
vity concentration of ?*Ra, “K and **U do not differ
much among samples making 14 Bq/kg, 21 Bq/kg,
and 19 Bg/kg, correspondingly. Maximum **Th con-
centration was 5 Bg/kg, and for U — 1 Bg/kg.

It was established that the waste activity of the se-
cond iron ore enterprise (4 mines) was mainly as fol-
lows: 68 % — “K (max activity concentration
499 Bg/kg); 17 % — *'°Pb (108 Bq/kg). Contribution
of the other radionuclides was 0.2 % of *°U, and 6.4 %
of 226Ra with max activity of **Ra 45 Bq/kg (mine
Ne 3), and 26 Bqg/kg of **Th (mine Ne 6), **U —
43 Bq/kg (mine Ne 4) and **U — 1.5 Bq/kg (mine Ne 6).

It was also established that radionuclide concen-
tration in waste differs depending on the produc-
tion year. Nevertheless, none of the sample
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Figure 2. Average NORM activity concentration in residues of mines N2 3 — N2 6 from enterprise N2 2 in Ukraine

BaB BcTaHoBJIeHNX dnpexktusoo Pagu 2013/59/€spaTom
PiBHiB 3BiJIbHEHHS BiJl peryJsiTOpPHOIO KOHTPOoJIo [9].

IIpoBeneHO MNOPIBHSJIBHUM aHaji3 BMICTy pafio-
HYKJIiJiB y ripHnuux BigBamax (puc. 2). BcraHoBieHo,
o KoHieHTpailis “’K Bapitoe y mm1poKoMy Iiana3oHi y
BCiX TMapTisix 3pa3kKiB i Moxe Bigpi3HaTuCcs Big 6 mo 13
pasiB mjis pi3HMX 1IaxT. IHIII KOHLEHTpalil pamio-
HYKJIiIiB 3MiHIOIOTbCS B 2—3 pa3u 3a BUHATKOM *’Th,
KOHIIEHTpallis SKoro Moxe Binpizusatucs B 10 pasis. Lle,
MMOBiIpHO, MOXHA ITOSICHUTH TCOJIOTIYHMMHU XapaKTe-
pUCTUKAMU MpHUYUX OJIOKIB.

Ha puc. 3 npeacraBieHa cepelHsl KOHLIEHTpallisl aK-
tuBHOCTI Bcix IIPH y Bigxomax o00x AgocCaigkKeHMX
KOMOiHaTiB.

Takum yMHOM, Ha MIATPYHTI pe3yJIbTaTiB JOCTiIKEHb i X
aHayi3zy OyJ0 BCTaHOBJIEHO, IO BiAXOOU 3aJi30pyTHUX
MiIITPUEMCTB He ITiANANal0Th il peTyISITOPHUI KOHTPOJIb
BiIMOBIIHO O BUMOT Mi>XKHAPOAHMX CTAaHAAPTIB paiaLliii-
Hoi 6e3neku Ta Aupextusu 2013/59/€EppaTtom |2, 9].

BigmoBigHO 10 BCTAaHOBJIEHUX PiBHIB 3BiIbHEHHS, aK-
tuBHicTh [TPH moBuHHa Oytu meHme 1 kbk/kr mms
npoaykriB posnany **U Ta **Th i menme 10 kbk/kr —
st YK [9].

s mepiioro miampueEMCTBa cyMapHa MaKCcUMalibHa
BUMipsTHa KOHIIEHTpallisl paJioOHYKJIiAiB JaHIlora po3-
naay ypaHy B 10 paziB Huxk4e piBHS 3BiJIbHEHH: i B 500
pasiB BoHa MeHma 1 “K. JIisg npyroro miamprueMcTBa
MaKCUMalbHiI KOHIEHTpalil pamioHyKTiAiB JIaHIIora
po3nany ypaHy oynu y 10 pa3iB MeHIi 3a piBEHb 3Bib-
HeHHs 1y 20 pasiB — misa K.

exceeded the established exemption levels of the
Council Directive 2013/59/Euratom [9].

Comparative analysis of the radionuclide content
in mining tails was performed (Fig. 2) in the frames
of this work. “K concentration varies most in all
samples, and could differ as much as 6 to 13 times
in the samples from different mines. Other nuclide
concentrations vary 2—3 times between samples,
except for #?Th which concentration could differ as
much as 10 times. This could probably be explained
by geological characteristics of the mining blocks.

Figure 3 represents average activity concentra-
tion of all NORM nuclides on wastes for both
investigated enterprise combines.

Based on the sample measurements and analysis
it was established that the waste of these enterpri-
ses are not subjects for the regulatory control
according the BSS definition (Council Directive
2013/59/Euratom and IAEA GSR Part 3) [2, 9].

According to the established exemption levels
the NORM activity should be less then 1 kBg/kg
for 28U and **2Th decay chain products, and less
than 10 kBg/kg for “K correspondingly [9].

For the first enterprise combine the maximum
measured activity concentration of uranium decay
chain was 10 times lower the exemption level, and
500 times lower for the “K exemption level. For
the second enterprise combine the maximum
activity concentration of the uranium decay chain
nuclides were 10 times lower the exemption level
and 20 times lower the exemption level for “K.
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Figure 3. Average NORM activity concentration in waste of iron ore mining enterprise combine N2 1 and N2 2

in Ukraine

MpupopHi papioHyknian y Bigxoaax metanypriiHux
KOoMOiHaTiB
YV MeTanypriiiHiil TpoOMUCIOBOCTI YKpaiHUM BUKOPUCTO-
BYIOThCS SIK MiCLEBi 3a/li3Hi pyau, TaK i MeTaJo0pyXT.
o BiAMOBITHMX MHPOMHUCIOBUX KOMILIEKCIB MOXYTh
BXOJMTU IIIaXTH, Kap’€pu, 3aBOAM 3 TEPEepOOKM 3a-
nizHoi pyau touo. Konuenrtpauis [TPH y Binxomax ya-
BYHOJIMBAPHOI MPOMUCIOBOCTI 3aJI€3KUTh BiJl 3aCTOCO-
BYBAaHMX TEXHOJIOTIM i MpoLEeciB, OCKiJIbKM KOHIEHT-
pauis [TPH y cupoBuHi € nocriiiHoto. BmicTt ITPH B yk-
palHCBhKUX 3aJli3HUX PYIHUX MiHepajaX JOCUTb HU3b-
KMii, ajie B mpolieci nepepoOKU BiH KOHLIEHTPYETHCS Y
Bigxomax.

Cepennit Bmict IIPH y Bimxomax metamypriiiHoi
MMPOMUCIOBOCTI YKpaiHM MpeacTaBlieHUil Ha puc. 4.

NORM level in waste of the metallurgical
industry
The iron cast industry of Ukraine uses both local
iron ore minerals as well as metal scrap in produc-
tion processes. The industrial complexes may
include mines, quarries, iron ore processing facili-
ties. The NORM concentration in the waste of the
iron cast industry depends on the applied techno-
logy and processes, as NORM concentration in raw
materials is constant and does not vary much along
the area. The NORM content in the Ukrainian iron
ore minerals is rather low, but in the cause of pro-
cessing it would concentrate in wastes.

Average concentration of the NORM through-
out the iron cast industry of Ukraine is presented

Pb-210

Ra-226

110
wof B I [ovennuit wnak i3 3sanuuy / Blast-furnance slag from dumps -
I pavynbosanuii gomennuii wnak / Granulated blast furnance slag
Dol Il CranennasunbHuit whak / Steelmaking slag L
m
N
b
X
>
a

Th-232

K-40 U-238

PucyHoK 4. Cepepniit Bmict MMPH y 3pa3kax BigxoaiB metanypriitHoi npomucnoBocTti YKpainu

Figure 4. Average NORM activity concentration in waste samples of the metallurgical industry in Ukraine
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Bcbhoro Oyiao pochaigkeHO 4YOTUPU TMiANPUEMCTBA.
OueBuaHO, WO BCi BUMipsgHi KoHueHTpauii ITPH
MeHIII 3a piBHi 3BinbHeHHs Jupektus 2013/59/€Bpa-
ToM [9].

MpupopaHi pagioHykniam y Bigxopax nignpueMcTs
KONbOPOBUX MeTaniB

B po6oTi 0yno gociigkeHo 7 MiAIPUEMCTB KOJIbOPOBOI
MPOMMCIIOBOCTI, cepell HUX INIMHO3eMHUI 3aBO, 3aBO/I
3 BUPOOHUIITBA TUTAHY, (pepocriaBHUIA KOMOiHAT, a Ta-
KOX MOiAMPUEMCTBA, 10 BUPOOISIOTH MiHepabHi 400-
puBa. YcepenHeHi aktuBHocTi IIPH y Bigxomax nmx
MiATPUEMCTB MpeACTaBIeHI Ha puC. 3.

OTpuMaHi pe3yabTaTu I03BOJISIIOTH 3POOUTU BUCHO-
BOK, 110 JaHi HiAMPUEMCTBA HE IiAIanaTh Mif perys-
TOPHUI KOHTPOJIb, OCKIJIbKM aKTUBHICTh BCiX 3pa3KiB
3HAYHO HMXKYE PiBHIB 3BUIBHEHHS.

in Fig. 4. In total four enterprises were investiga-
ted. Obviously, all measured activity concentra-
tions are lower than the exemption levels of the
Council Directive 2013/59/Euratom [9].

NORM activity in waste of non-ferrous metal
industry
Seven non-ferrous industry enterprises were investi-
gated in this research programme. These include alu-
mina refinery, titan production facility, ferroalloy
combine, as well as mineral fertilize production com-
bines. The averaged NORM activities in the wastes
generated in these combines are presented in Fig. 5.
The results obtained allow to conclude that the
investigated industry does not fall under the regu-
latory control requirement as all the samples were
measured significantly below the exemption levels.

45
oL - I Bvpo6HuuTeO TUTaHY / Titanium industry H
35 I Bva06yTok Konboposux MeTanis / Mining of non-ferrous metals ||
Lo/ W8
3
@ 05[]
co| -
E 5 PucyHoK 5. Cepepniin Bmict MPH y
0 Bigxonax KONbOpoBOi MeTtanyprii
YKpaiHu
5
Figure 5. Average NORM activity

Th-232

Pb-210 Ra-226 K-40

U-238

concentration in waste of non-fer-

iBeHb NPUPOAHNX PafiOHYKIIAIB Y TPYOHUX Bigkna-
AEeHHSX i wnamax HapToBuA06YBHOI MPOMUCIIOBOCTI
V pamkax gociimkeHHs Oyau o0cTexXeHi 6 HabTOBUIO-
OyBHMX i HaTOIMEPepPOOHUX MiATIPUEMCTB, OAHE 3 IKNX
OyJ10 0OpaHoO AJIS AeTAIbHOTO NOCIIiIXKEHHS, BKITIOYalOUUn
ramMma-kaprorpadyBaHHsI MIPOMMCIOBOIO MailaHYMKa,
JTOCITIIKEHHS TUISIM PO3JIMBY Ha(pTHU Ta poOOYMX MiCIlb 3
MOTEeHIIIHO TiABMIIEHOI Hebe3nekoro. Benuki piBHI
raMma-BUIIPOMIHIOBaHHS OyJM BUSIBJIEHI Ha pO3JMBax
HadTHU, HABKOJI0 00YOK, Ha CXOBMIIAX TPYO Ta iHBEHTap-
HUX MaiigaHuukax. Kiibka 3pa3kiB I'pyHTY Ha po3JMBax
HadTU, TpyOHUX BiIKJIaNEHb i IIIaMiB Oy AOCTiIXKeHi
Oinbin meranapHo [11]. s pemrtu S mianpueMcTB Oyau
B3SITi JIM1IE 3pa3KU BiIXOMdiB Ta BiaKJIaneHb TpyO. Pe3yib-
TaTH L€l poOOTH TpeAcTaBiIeHi Ha puc. 6.

3a MOPiBHSUILHOIO OLIIHKOIO CepelHiX KOHILIEHTpaliit
ITPH 3a MacuBOM JaHMX IIOAO LIJaMiB i BiAXomdiB 3
Pi3HUX MiCllb MPOMUCIIOBOrO MaiijaHyMKa BM3HAYEHO,
IO 3HAYECHHS MOXYTh BiIpi3HATHCS B 3 pasu, IIpHU ce-

rous metal industry of Ukraine

NORM level in pipe sediments and silts of oil
extraction industry

Six oil mining and refinery enterprises were inves-
tigated in frames of this research. While one
enterprise was chosen for detailed investigation
including gamma mapping of the industrial site.
Oil spill spots and work places with elevated ha-
zards were identified. High levels of gamma radi-
ation were identified at oil spills, around barrels,
at pipe storage and inventory sites. Several soil
samples were taken at oil spills, pipe sediments
and silts of oil [11]. For the remaining 5 enterpris-
es only samples of waste and pipe sediments were
taken. The results of this work are presented in
Figure 6.

The assessment of the NORM average activity
concentration in sludge and waste samples from
different spots of the industrial site estimated that
values may differ as much as 3 times, with average
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Figure 6. Average NORM activity concentration in the oil extraction industry waste in Ukraine

penHiit aktuBHOCTI 8440 bk/kr mist **Ra, 28 600 bx/kr —
st **Th, 11 000 bx/xr — mist *'°Pb.

MpupopHi papioHyknigm y Biaxozax nepepooku
HadTM

HadronepepobHa MpoMUCIOBICTh YKpaiHU CKJIAJAETh-
¢S 3 JIeKiIbKOX BEJIMKWUX KOMITIaHill i OJIM3bKO COTHI He-
BEJIMKUX. 3a MPOrpaMoro J0CTiIKeHb 0yJ10 00CTeKEeHO
KiJIbKa BEJIUKUX ITIPOMUCIOBAX O0'€KTIB Ta B34Ti 3pa3Ku
3i IJIaMOBUX CTaBKiB. BapTo 3ayBaxkuTi, 1110 11i TiMSTHKN
eKCILTyaTyloThCsl BXe Oiibiie 50 pokiB, BHACTIZOK YOro
HaKOMMWYEHO 3HA4YHy KiJIbKicTh BigxoaiB. Ha puc. 7
npeacTaBieHa cepeaHs KoHueHTpauis ITPH y Bigxomax
HadTOnepepoOHOI TPOMHUCIOBOCTI YKpaiHu.

AHati3 pe3yabTaTiB BUMiprOBaHb IM0Ka3aB, 110 YCepe-
HeHi koHueHTpauii ITPH 3a BigiOpaHuMu 3pazkamu
ckinanaoth s 2'°Pb 6737 bk/kr, **Ra — 5444 Bk/xr,
22Th — 1742 Bbk/kr ta **U — 4620 bx/Kkr.

AHaJi3 TaHuX NiATBEPAUB, 1110 BCi HAPTOBUIOOYBHI Ta
HadTOonepepoOHi MPOMHUCIOBI 00’€KTU YKpaiHu Mmiamna-
JalTh Mif PeryJsiTOpHUIl KOHTPOJb, a KOHLEHTpallil
ITPH 3HayHO nepeBUIYIOTh PiBHI 3BiTbHEHHS.

BUCHOBKU

1. HocnimxeHnHs: koHueHTpauin [TPH y Binxomax mig-
TBEPAWIN HEOOXiTHICTh 3aIpOBaIXKEHHS PEryISITOPHOTO
KOHTPOJII0 HAahTOBUAOOYBHOI Ta HahTONEPEPOOHOI MPO-
muciioBocTi. BcranosneHo, mo BMicT ITPH y BinkianeH-
HSIX TPYO i IIUTaMax 3HaXOAUTHCS B Aiara3oHi st >''Pb Bixg
3 mo 11 kbk/xr, **Ra — Bin 2,9 no 8,4 kbk/kr, **Th — Bin
0,8 mo 2,8 kbk/xr, **U — Bin 0,18 10 6,9 Kbk/KT.

2. HopMaTuBHi JOKYMEHTHU MalOTh CTOCYBAaTUCS Oe3Iey-
HOTIO TMOBOIXEHHS 3 TEXHOJIOTIYHMM OOJIaqHAHHSM, 3a-

activity of 8,440 Bq/kg for 2*Ra, 28,600 Bq/kg —
for 2*Th, 11,000 Bg/kg — for 2°Pb.

NORM in waste of the Oil

processing

Oil refinery industry of Ukraine consists of several
major combines and about 100 minor ones. In the
cause of the research programme several major indus-
trial sites were investigated and samples taken from
the tail ponds. It is worth mentioning that the sites
have been in operation for over 50 years and signifi-
cant amounts of wastes have accumulated as a result.
Figure 7 presents average NORM activity concentra-
tion in the waste of oil processing industry of Ukraine.

The analysis of the sample measurements resulted
in the following average activities throughout the
industry: ?'°Pb 6,737 Bg/kg, **Ra — 5,444 Bg/kg,
22Th — 1,742 Bq/kg and **U — 4,620 Bqg/kg.

It is thus established that all oil extraction and pro-
cessing industrial sites of Ukraine fall under the re-
gulatory control requirements established by the EC
in terms of the radioactive waste containing NORM.

CONCLUSIONS

1. Monitoring of the NORM Ilevels in wastes has
identified the need to establish regulatory control
and oversight of the oil industry in the country. The
NORM level in pipe sediments and silts of oil exceed
the established exemption levels and range as fol-
lows: 2°Pb 3—11 kBqg/kg, **Ra 2.9-8,4 kBg/kg,
»2Th 0.8—2.8 kBq/kg, **U 0.18—6.9 kBq/kg.

2. For the regulatory control purposes a package
of regulatory documents must be developed for
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Figure 7. Average NORM activity concentration in waste of oil processing industry

OpyIHEHUM paJioHYKJiZaMM MPUPOTHOTO MOXOIKEHHS,
1jgaMaMHu TOLIO.

3. JlouinbHO MPOJOBXKUTHU HociimkeHHs Bmicty [TPH y
Bigxomax Ha(TOBUIOOYBHOI Ta HadTONepepoOHOI Tpo-
MUCJIOBOCTI.
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