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The aim of our work was to develop and evaluate a homogenised material for the new IONEX resin reference
material for NORM industries. The IONEX resin is a material from water purification filters. This work is a part of
the European Research Project MetroNORM ““Metrology for Processing Materials with High Natural Radioactivity”,
contract identifier JRP IND57. The current research resulted from the necessity of installing the technology for
removing uranium from water in some areas in Europe [1, 2]. The European project JRP IND57 MetroNORM is
perfectly suited for an accurate and precise determination of hazardous NORM materials. Proper evaluation of
NORM materials is highly needed for the protection of health and minimization of economic and ecological burdens.
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Introduction

Naturally occurring radionuclides are present at varying
concentrations in many natural resources. Industrial
activities that exploit these resources may increase the
concentrations of radioactive materials and thus increasing
the danger of exposure to Naturally Occurring Radioactive
Materials (NORM) in products, by products, residues and
wastes. Industry sectors focus on the measurement of
ionizing radiation originating from artificial radionuclides.
Naturally occurring radionuclides are often taken as a part of
the natural background, regardless of their concentrations.
NORM industries, however, produce large amounts of
waste, therefore higher concentrations may significantly
add to a range of hazards. When such materials are being
handled or processed, it is clearly necessary to determine
as accurately as possible the nuclides present and their
activity concentrations. This creates the need to develop
reference materials enabling accurate measurements of
natural radionuclides. The project MetroNORM offers novel
reference materials for lots of candidate materials including
residue/waste from Ta/Nb ore processing, residue/waste
from phosphogypsum processing, coal ash of the type
used in building, tuff of the type used in building, residue/
waste from TiO, production, building aggregates, IONEX
resin from water industry, FeO(OH)/MnO, sludge from
water industry and oil wastes. All this will help to increase
the production effectiveness and improve and optimize
production technology in NORM and TENORM industries.
The IONEX technology (Fig. 1) is beneficial because it is
highly selective for uranium, does not change the taste
or properties of drinking water and is easy to operate.
IONEX is a material from water purification filters used
for removing uranium from water and can be regenerated.
The obtained uranium can be used in another industry

Figure 1. The process of water purification in waterworks

sector. Regarding water composition, there are two types
of IONEX: weakly basic annex and strongly basic annex.
The sample in Fig. 2 is a strongly basic annex. It is a
styren-divinylbenzene copolymer with trialkyl-amin-groups.
The insoluble matrix in the form of small beads provides
a high surface area. Mean bead size is 0.64 mm.

Experimental part

Radioactivity measurements were performed by gamma-
ray spectrometry employing a high-purity germanium
coaxial detector (model GC4018, crystal length 63 mm
and diameter 60.5 mm) with a cryostat (model 7500SL),
preamplifier (model 2002CLS), and digital signal analyser
Lynx of 8192 channels manufactured by CANBERRA. The
relative efficiency is 40 %, the resolution is 1.8 keV (FWHM)
for the 1.33 MeV gamma-ray and 0.75 keV (FWHM) for the
122 keV gamma-ray of ©Co. A shield containing lead bricks
of 10 cm thickness, a Cd material of 0.1 cm thickness and
a brass material of 0.1 cm thickness were used to reduce
gamma-ray background. The sample of IONEX contained a
large amount of carbonates (sediments from water, approx.
250 g per 1 kg of IONEX), which caused inhomogeneity
of the sample and had to be removed from the sample
before y-spectrometry measurement. The sample immersed
in distilled water was placed into the ultrasonic bath. Then,
the sample was washed with distilled water on a sieve
(0.3 mm). Most of carbonates were removed. No significant
amount of uranium was detected in the waste water nor
in the removed carbonates. The activity was measured
with the liquid scintillation counter. The sediments were
homogenously distributed in the scintillation cocktail (Ready
Gel) and waste water was measured as scintillation cocktail
(Ultima Gold). A sample of the treated IONEX was finally
air dried and mixed up.

Figure 2. I0NEX before (right side) and after (left side)
regeneration
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Discussion of the results

The same amount of the reference material IONEX
resin (94.58 (19) g) was filled in seven identical containers
to check radiation homogeneity (Fig. 3). Each of these
containers was measured for 50,000 seconds. Then the
spectra were analysed and net peak counts of the most
intense peaks were compared. The coefficient of variation
was up to 1 %. The evaluation data of homogeneity for the
reference material IONEX resin from gamma-spectrometry
measurement are given in Table 1.

Using the MCNP code, total efficiencies and peak
efficiencies were calculated with a suitable accuracy. The
obtained efficiency curves were used for the calculation
of the coincidence summing correction factors and the
appropriate activities of the samples (Fig. 4). The source
was placed at the distance of 3 cm from the detector.
To obtain the efficiency calibration curve for the 3 cm
geometry, calculated efficiencies covering the energy range
46.54-1.764 keV were used (Table 2). The reliability of the
Monte Carlo code in calculating summing corrections was
tested by comparing the results computed for the mixture
of radionuclides with the known activities (radionuclides
contained in the sample with silicone rubber: 2'Am, '°Cd,
239Ce, 57C0, 6000, 137CS, 11ssn, SSSr’ 203Hg and ssy)_

For measuring geometry 3 ¢cm and the detector
GC4018, correction factors were calculated for 2°U. They

Figure 3. The reference material IONEX resin filled in seven
identical containers

were calculated for predominant y-emissions significantly
affected by coincidence-summing effects. In order to obtain
reliable activity values for some natural radionuclides
coincidence summing cannot be neglected in environmental
measurements at small source-detector distances. The
sample of IONEX resin was kept in an 85-ml metal container
of 6 cm diameter, 3-cm height and 1-mm thickness of the
bottom (Fig. 5). The chemical composition of the container
is given in Table 3. Bulk density of the active IONEX
sample was 0.79 g cm3. The content of water in IONEX
resin sample was determined as 10 %. The samples were

Table 1
Evaluation data from the measurement of the homogeneity
Peak area
Radionuclide Th-234, Th-234, U-235 | U-235 | U-235 | U-235 |Pa-234m |Pa-234m
Pa-234 U-235
Energy, keV 63.3, 92.38, 92.8, (143.767|163.356 | 185.72 | 205.316 | 766.361 |1001.026
62.7 93.351
1 433768 805194 88602 | 41075 | 424673 | 34351 | 17562 | 38444
2 433224 815118 88954 | 41085 | 426467 | 34046 | 17734 | 38540
3 432327 806705 89403 | 40195 | 423955 | 34071 | 17763 | 38725
Sample 4 434702 811453 89754 | 40775 | 427172 | 34355 | 17874 | 38635
5 435186 809963 89264 | 40323 | 426861 | 34131 | 17537 | 38851
6 437325 812135 89514 | 40447 | 427504 | 34559 | 17577 | 38908
7 437749 813453 88022 | 40192 | 427184 | 33775 | 17928 | 38907
Average 434897 810574 89073 | 40584 | 426259 | 34184 | 17711 38716
Standard Deviation 1883 3304 553 363 1280 239 145 170
Coefficient of Variation, % 0.43 0.41 0.62 0.89 0.3 0.7 0.82 0.44
m ................ (Cramgapmhbie ofpasuey N4, 2015
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Figure 4. Peak efficiency and total efficiency curves calculated in MCNP code
Table 2 Table 3
Thirty-three energies used for MCNP efficiency Elemental composition of the IONEX resin and metal
calculations container
E, keV IONEX resin Metal container
4654 | 8421 | 143.8 | 202.1 | 351.9 | 766.4 | 1120 Element | A% | Element | ADUM | gioment| ADUN-
dance, % dance, % dance, %
53.2 | 92.38 | 163.4 | 205.3 | 391.7 | 798.1 | 1461 C 59.7 Si 11 7n 0.05
59.54 | 92.8 | 1659 | 2386 | 514 | 911.2 | 1764 N 115 Fe 0.24 Ti 0.02
63.3 | 112.8 | 185.7 | 295.2 | 609.3 | 969 | - 0 122 Cu 0.03 Pb 0.01
7392 | 120.9 | 1862 | 338.3 | 661.7 | 1001 | - H | 14 | Mn | 058 | Al | 9751
S 4.6 Mg 0.61 Cr 0.02
U 0.5
Table 4

Calculated coincidence summing corrections factors

for the sample in 3-cm geometry

Radionuclide E, keV Cs
U-235 143.77 1.0035
U-235 163.35 1.0014
U-235 185.72 1.0035

dried in a desiccator with P,05. The elemental composition
of the IONEX analysed by Elementar vario EL Ill is also
given in Table 3.

The summing correction factors were calculated for
the main y-emissions of 25U (Table 4). 28U does not yield
any significant y-lines, and its activity can be estimated by

means of its progeny ?*"Pa.
N2g, 2015 wwweeeeeeeeses E

Figure 5. Sample with reference material IONEX resin
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The air-dried sample was measured for 50,000 seconds.
The activity of each radionuclide for a peak at energy £
was computed according to the following formula [3]:

— N .
gty °

C =1/(K. Ky

Ps(1)-P(E1,)-P(E2,)
P(EO0)
P(E2,) )

K (EO)=1+

K¢ (E0)=1-Pe(LX)-T (LX)~
Pe(IX, ) T (KX, )~ e (KX, ) T(K¥,) -
~Pe(E1)-T (L)~ Pe(EL)-T(EL)...
where N is the number of counts in a given peak area
corrected for background peaks of a peak at energy £, ¢
is the peak efficiency at energy £, t is the counting live

time, Y is a number of gammas per disintegration of the
nuclide for a transition at energy E, C; = K;- Ks — true
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Table 5
Activity of U,y (25U, 28U) in the air-dried sample
Radionuclide Mass activity, kBq/kg
U-235 6.5 (1) (k =1)
U-238 145 (4) (k = 1)

summing coincidence correction factor for summing in K
and summing out K, effects, Ps(/) denotes the summing
coefficients, P(E14), P(E2,), P(E1,), P(E2,) and P(EQ) denote
peak efficiencies for photons with energy E14, E24, E1,,
E2, and EO, EO = E14 + E24 = 1, + E2, = ..., Pc denotes
the summing coefficients of the £0 with LX, KX,, KX,
E14, E1,. The results of calculated activities are given in
Table 5. The spectrum of the sample, gathered for a long
time period of 50,000 s, contains many gamma energy
lines (Table 6) and is shown in Fig. 6.

Conclusion

Homogenised material for the new reference material
for water industry was evaluated. This candidate refer-

IONEX resin
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g
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Figure 6. Characteristic net gamma spectra of the source with IONEX containing natural radionuclides
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Table 6

Natural radionuclides with energies (£) and gamma emission probabilities (Y) derived

from the spectra [4]

RN E, keV Y, % RN E, keV Y, %
Th-234 63.3 (2) 3.75 (8) U-235 163.356 (3) 5.08 (3)
Th-234 73.92 (2) 0.0133 (14) U-235 185.72 (4) 57 (3)

Th-231 84.214 (13) 6.7 (7) U-235 202.12 (1) 1.08 (2)
Th-234 92.38 (1) 2.18 (19) U-235 205.316 (4) 5.02 (5)
Th-234 92.8 (2) 2.15 (19) Pa-234m 766.361 (20) 0.323 (4)
Th-234 112.81 (5) 0.215 (22) Pa-234m 1001.026 (18) 0.847 (8)
U-235 143.767 (3) 10.94 (6)

ence material was prepared from a real NORM material.
IONEX material is usually contained in the filters for water
purification where it removes uranium from drinking water.
The radioactive homogeneity of the reference material was
validated from the measurements of seven identical samples.
Evaluation results show that the samples with IONEX refer-
ence material are radioactive homogenised up to 1 %. For
the activity measurement of the 2*U and U, the HPGe
detector was used, and the MCNP model was applied for
the calculation of the correction factors. The MCNP code

M- REFERENCES:
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vol. 279, No.2 (2009), pp. 385-394.

was tested by comparing the results computed for a mixture
of radionuclides, contained in the sample as silicon rubber,
with the known activities of the radionuclides. The activity
of the 25U is in units of kBq kg™ and the activity of the
28| is in hundreds of kBq kg™'.
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PASPABOTKA CTAHAAPTHOrO OBPA3UA
ANG BOAHOMO XO3AWCTBA

Masanosa M., 3abixoBa B., Opsiak M., bnynosckuin P.

Jannaa paboma 6vina nposedeHna c yeivio CO30aHUA U OYEHUBAHUA OOHOPOOHOCMU Mamepuana 01 HO8020
cmanoapmuozo odopaszya cmoavt IONEX, npeonasHavyenHo2o 0isi KOHMPOJA npu Npou38o0cmee paouoaKmueHbuIxX
Mamepuanos npupoonoeo npoucxoxcoenus. Cmona IONEX — smo mamepuan u3 Quibmpos 015 OYUCHKU BOObL.
Jannas paboma siensiemes uacmoio Eeponetickoco uccnedosamenvcrkozo npoekma MetroNORM « Memponozcus ons
00pabomku paouoaKmMuEHbIX MAMepuaios NPUPoOHO20 Npoucxodxcoenusy, koumpakm JRP IND57. Hacmoswee
uccnedosanue 06yCio6ieno HeobX00UMOCIbIO 8 MEXHON02UAX OJisl OYUCIKU 800bl OM YPAHA 8 HEKOMOPLIX PATIOHAX
Eeponut [1, 2]. Esponetickuii npoexm JPR IND557 MetroNORM nonnocmusio nooxooum 0iist npaguibHO20 U MOYHO20
onpedenenus NOMEHYUAIbHO ONACHBIX MAMePUuanog ¢ NpupooHoll paouoakmuenocmoio. Jfocmosepnas oyeHka
PAOUOAKMUBHBIX MAMEPUALO8 NPUPOOHO2O0 NPOUCXONCOCHUST HeoOX00UMa OJist OXPAHBL 300P0GbsL U MUHUMUZAYUU
IKOHOMUYECKUX U IKOIO2UYECKUX 3ampan.

Knio4eBble ¢0Ba: NpOM3BOACTBO PAANO0AKTUBHbIX MaTepuasioB NPUPOLHOr0 NPOUCXOXAEHMs, CTaHAapTHbIA 06pasel,
cmona IONEX, npupofHblin ypax.

Ccbinka npu yuTMpoBaHMu: PaspaboTka CTaHAapTHOro o6pasua [n1s BOAHOro xosaictea / M. MasaHosa [u ap.], nep.
¢ aHrn. // GraHpapTHble o6pasubl. 2015. Ne 4. C. 22-33.
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BeBepeHue

PaauoHyknuapl, BCTpeyatoLLecs B Npupoae, npucyTeT-
BYIOT B PA3/INYHbIX KOHLEHTPALMAX BO MHOTMX NPUPOAHBIX
pecypcax. [1pu ncnonib3oBaHWM JaHHbIX PECYpCOB B Npo-
M3BOLCTBE KOHLEHTpauMsa pPaanoaKTUBHbLIX MaTepuanos
MOXXET BO3PacTu, 1 Takum 06pa3omM BO3PACTET OMACHOCTb
BO3[ECTBNA PaaMOaKTUBHbIX MaTepWUanoB NpUpPOAHOro
npoucxoxgenus (PMMIM) B npogykTax, no604HbIX NPOAYK-
Tax, 0CTaTkax M 0TX0Aax Npou3BoAcTBa. [POMbILLNEHHbIE
CEKTOPbl OPUEHTUPYIOTCS HA U3MEePeHNs PanoakTUBHOMO
N3MyHeHNs, NPOUCXOAALLEr0 U3 UCKYCCTBEHHbIX PaanOHy-

m ---------------- «CranpapTHble o6pasupl»  N24, 2015

KNnooB. ECTECTBEHHbIE pafMOHYKNUABI YaCTO BOCMPUHUMA-
tOTCS KaK eCTECTBEHHO-NPUPOAHBIA (DOH HE3ABUCUMO OT UX
KoHueHTpauuu. VHgyctpus PMIM, ogHako, BbipabaTbiBaet
OrpOMHOE KONMYECTBO OTXOA0B, CNef0BaTeNbHO, MOBbI-
LLIEHHbIE KOHLIEHTPALWKX MOTYT 3HAYUTENbHO YBENMYMBATH
pucku. lMpu 06paboTKe TakMx matepuanoB HE06X0AMMO
ONpefeNuTb Kak MOXXHO TOYHEE NPUCYTCTBYHOLLME HYKNUADI
W UX aKTUBHYK KOHLEHTpaumto. Bce 3to o6ycnaenuBaet
Heo6X0ANMOCTb CO3JjaHns CTaHAapTHOro 0bpasLia, obecne-
41BAIOLLIEr0 TOYHbIE U3MEPEHUS PALMOHYKITM0B ECTECTBEH-
Horo npowucxoxaenus. Mpoekt MetroNORM npeacrasnset
HOBbIE CTaHAAPTHbIE 06PA3LbI A5 MHOTUX NEPCreKTUBHbIX
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Puc. 1. YcTaHOBKA AN O4YUCTKU BOAbI B CUCTEME BOAOCHAOXEHMS

MaTepuasnos, BKITKOYas 0CTATKW/OTX0b! NepepaboTKu pyabl
Ta/Nb, oTxoabl hocchornncoBoi nepepaboTkn, KaMeHHO
30/1bl M BYNIKAHWYECKOrO Tya, NCnomnb3yemblx npu CTpou-
TeNbCTBE, 0TXO/b! MPON3BOACTBA AMOKCMA TUTAHA U1 KAMEH-
HbIX maTepuanos, cmonbl IONEX oT BOAHOrO X035MCTBA,
FeO(OH)/Mn02 wnam OT BOLHOrO X03ANCTBA M OTXOfbI
HepT. Bce 3TO MOMOXET YBENUYUTb IPPEKTUBHOCTD
NPOM3BOACTBA W YNYYLUUTL U ONTUMU3MPOBATL TEXHONOT UK
npoussogctea PMIMI u o60raleHHbIX pafnoakTUBHbIX
matepuanos. TexHonorus IONEX (puc. 1) uenecoobpasHa,
NOTOMY YTO SIBMISIETCA BbICOKOM3OMPATENbHOM N0 ypaHy,
He W3MeHSieT BKYC W CBOWCTBA MUTLEBOM BOAbI U NpOCTa
B o6cnyxunBanun. IONEX — ato matepuan u3 hunbTpos,
OYULLAIOLLMX BOJY OT ypaHa, C BO3MOXHOCTbIO pereHepa-
uumn. MonyyeHHbIA ypaH MOXHO MCMONb30BaTh B ApYrux
NPOMBbILJIEHHBIX CEKTOpax. YTO Kacaetcs cocTaBa BOAb,
cywecTtsyeT asa tuna matepuanoB IONEX: cna6oocHoB-
Has 1 CMNbHOOCHOBHAs YCTaHOBKA. Ha puc. 2 nokasaHo
CWIbHOOCHOBHAS YCTaHOBKA. 3TO CTUPON-AMBUHINGEH30MA
COMONMMEPbI C rpynnamu Tpuankun-amMmuHa. Hepactsopumas
marpuua B popme He6ONbLUNX LIAPUKOB 06YCnaBnuBaeT
60bLUYI0 NoLWasb NoBepxHoCcTU. CpefHnii pasmep Luapu-
KoB paseH 0,64 mwm.

3KCI19pVIM9HTaJ1bHa$I YacTb

PannoakTiBHble U3MepeHns MPoBeaeHbI METOOM raMmma-
CMEKTPOMETPUN C BbICOKOYYBCTBUTEMbHBIM FepMaHNEBbIM
KoakcuanbHbIM fieTekTopom (Mogens GC4018, anuua kpu-
craina 63 mm 1 guametp 60,5 MM) ¢ Kproctatom (MOAESb
7500SL), npeggaputenbHbiM yeunutenem (mogens 2002CLS),
aHanM3aTopom UMpoBbIX curHanoB Lynx 8192 kaHanos
nponssoactea CANBERRA. OTHocuTenbHas 3peKTUBHOCTb
coctasnser 40 %, paspeweHne 1,8 k3B (FWHM) ang

l.‘-“‘ .r i vl -..—\-n«u--ilub-..i..

Puc. 2. Matepuan IONEX go (cnpasa) u nocne (cnesa)
peresepauuu

1,33 MaB ramma-ny4eii n 0,75 k3B (FWHM) gna 122 k3B
ramma-nyyeit 60Co. Ons CHWXeHus oHa ramma-nyyen
NPUMEHANN 3KPaH, COAePXKaLLMii KyOUKM CBUHLA, TONLLMHON
10 cm, matepuan Cd TonwmHoi 0,1 cm 1 MeaHbIA MaTepuan
TonwuHoi 0,1 cm. O6pasel IONEX cogepxxan 6onbLioe
KOJIM4EeCTBO KapOOHATOB (OCAAKM U3 BOAbI, NpUMepHo 250 ©
Ha 1 kr IONEX), 4T0 cnpoBOLMPOBAN0 HEOZHOPOAHOCTbL
o6pasua. Kap6oHatbl 6bIM yaaneHbl U3 ob6pasua nepeg
n3MepeHneM Metofom y-crnektpometpun. O6pasel 6bin
MOrpy>XeH B AMCTUANUPOBAHHYKO BOAY B YNbTPA3BYKOBOM
BaHHe. 3aTeM 006paseL, Obll BbIMbIT AUCTUNIMPOBAHHON
Bofon Ha cute (0,3 Mm). bonbluas YacTb kKapoboHaToB Bbinia
yaaneHa. HuKakux 3Ha4nuTenbHbIX CUrHanoB ypaHa He 6biio
BbISIBIEHO HW B OCTaTKax BOJbl, HU B YAANEHHbIX Kapbo-
HaTax. AKTWBHOCTb M3MepPSNU NP NMOMOLLM XXUAKOCTHOrO
CUMHTUANALMOHHOIO cHeTymKka. Ocafku 6biin 0JHOPOAHO
pacripefeneHbl B CLUUHTUIMIALMOHHYIO CMECh (TOTOBBIN Tefb),
1 OCTaTKM BOJbI USMEPANTUCH KK CLMHTUNALMOHHAA CMECh
(Ultima Gold). O6pasey, o6pa6oTaHHoro martepuana IONEX
Obl1 OKOHYATENbHO BbICYLLIEH HA BO3JYXe U pa3MeLlaH.

O6paboTKa pe3ynbTaToB

OAnHaKoBOE KONMWYECTBO maTtepuana CTaHgapTHOro
o6pasua cmonbl IONEX (94,58 (19) r) 6bi10 ynakoBaHo
B CEMb OIMHAKOBbLIX KOHTENHEPOB AN MPOBEPKU pagma-
LMOHHOA OHOPOAHOCTY (puc. 3). ViamepeHus no Kaxaomy
KOHTeiiHepy npoBoaunu B TedeHne 50 000 cekyHa. 3aTem
NpOaHanM3npoBanit CNeKTPbl U CPABHUIM HYUCIO YUCTbIX
MUKOB Haub0Nee MHTEHCUBHbIX MUKOB. BapnaunoHHbINi
KoadppuumeHT B npegenax 1 %. B 1abn. 1 npencrasneHsl
OUEHOYHbIE [laHHbIe MO OJHOPOAHOCTM CTAHLAPTHOrO
o6pasua cmonbl IONEX, nomny4eHHble npu nomoLyy name-
PEHMI METOAOM y-CNEKTPOMETPUMN.
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. Vlccnepoaruve mMatepmnanos, paapa6OTr<a N MPOon3BOACTBO CTaHAAPTHbBIX O6pa3LlOB

Ta6bnuuya 1
OLIEHO‘-IHbIe NaHHble, MoJly4eHHble PN N3MepeHnn 0AHOPOAHOCTHU
PafMOHYKNMA Th-234, | Th-234, | U-235 | U-235 | U-235 | U-235 |Pa-234m |Pa-234m
Pa-234 | U-235
3Heprus, kaB 633; |9238; 92,8;|143,767 163,356 | 185,72 |205,316| 766,361 |1001,026
62,7 93,351
1 433 768 | 805194 |88 602 | 41 075 | 424 673 | 34 351 | 17 562 | 38 444
2 433 224 | 815118 |88 954 | 41 085 | 426 467 | 34 046 | 17 734 | 38 540
3 432 327 | 806 705 |89 403 | 40 195 | 423 955| 34 071 | 17 763 | 38 725
O6pasey 4 434 702 | 811 453 |89 754 | 40 775 | 427 172| 34 355 | 17 874 | 38 635
5 435186 | 809 963 |89 264 | 40 323 | 426 861| 34 131 | 17 537 | 38 851
6 437 325 | 812 135 |89 514 | 40 447 | 427 504 | 34 559 | 17 577 | 38 908
7 437 749 | 813 453 |88 022 | 40 192 | 427 184 |33 775 | 17 928 | 38 907
CpefiHee cTaHAapTHoE 434 897 | 810574 |89 073 | 40 584 | 426 259 | 34 184 | 17 711 | 38 716
OTKNOHEHME 1883 3304 553 | 363 | 1280 | 239 145 170
BapuaumonHbIit KoaththuumenT, % | 43 0,41 062 | 0,89 0,3 0,7 0,82 0,44

MonHas n mMakcumanbHas 3 MEKTUBHOCTb ObINK
paccyutaHbl npu nomouyy MCNP-koga ¢ COOTBETCTBYHO-
e TOYHOCTbI0. [lony4eHHble KpuBble 30D(DEKTUBHOCTM
ObIIM UCMONB30BaHbl AN pacyeTa KO3 duumneHTa cym-
MUPYIOLLE KOPPEKLUN COBMAAEHWUA U COOTBETCTBYHOLLNX
aKTUBHOCTE 06pa3uos (puc. 4). IcTouHnK Haxoamnca Ha
pacctosHum 3 cM OT feTekTopa. PacyeTHble 3dhdheKTUBHO-
CTW, MOKpPbIBAKOLLME AnMana3oH dHeprum 46,54-1,764 KaB,
NCNONb30BANUCH [N NOAJEPXKAHWUS KPUBOW KanubpoBKK
aphexTnBHOCTM And reomeTpun 3 cm (Tabn. 2). Hagex-
HOCTb kofia MoHTe-Kapno B pacyeTe CyMMUPYHOLLNX KOPPeK-
Liid Bblna NpoBepeHa NoCPEACTBOM CPABHEHUS PE3YNLTATOB,

Puc. 3. CtaHpapTHblii 06pasel, cmonbl IONEX, ynakoBaHHbIi
B CEMb OJWNHAKOBbIX KOHTENHEPOB

m ---------------- «CraHpapTHble 06pasLibl»

Ne4, 2015

NOLCYUTAHHBIX NS CMECW PafNOHYKIUAOB C U3BECTHLIMU
AKTUBHOCTAMU (PAAMOHYKNUbI, COAepxallnecs B 06pasLie
C CUNMKOHOBbLIM Kayvykom: 241Am, 109Cd, 239Ce, 57Co,
60Co, 137Cs, 113Sn, 85Sr, 203Hg and 88Y).

[ns usmeperns reometpumn 3 cm u getektopa GC4018
GbINN paccHMTaHbl NONPaBOYHbIE KO3PULMEHTbI ans 235U.
OHu 6bIAK paccyuTaHbl ANs NPeo61afaroLLEero y-u3nyyeHns,
Ha KOTOPOE B 3HAYNUTESNTbHON CTEMEHN BNNSET CYMMUPOBAHNE
a(pdhexToB coBnageHmin. 4To6bl NOAAEPXKMNBATL HALEXHbIE
3HAYEHN AKTUBHOCTU AN HEKOTOPbLIX €CTECTBEHHbIX
PaANOHYKNIMLOB, HENb3s NpeHebperatb CoBNageHnem
CYMMUPOBAHNA B U3MEPEHNAX OKPYXXaKoLLein cpesbl npu

Tabnuuya 2
3Ha4eHNs 3Heprum, UCnoNb3yeMble As PacyeToB
acppekTnHocT MCNP

E, keV
46,54 | 84,21 | 143,8 | 202,1 | 351,9 | 766,4 | 1120
53,2 | 92,38 | 163,4 | 205,3 | 391,7 | 798,1 | 1461
59,54 | 92,8 | 1659 | 238,6 | 514 | 911,2 | 1764
63,3 | 112,8 | 185,7 | 295,2 | 609,3 | 969 -
73,92 |1 120,9 | 186,2 | 338,3 | 661,7 | 1001 -




VccnenosaHue Matepmnanos, pa3pa6on<a M NPOK3BOACTBO CTaHAAPTHbIX O6pa3LlOB .

Kpusast nikoBoit 3(h(eKTHBHOCTH Kpusas o6meii sdpexrnBHOCTH
0.04 4> 186 keV a0z = 4> 186 keV
g'g; 1 ®< 186 keV g‘gg ' @ <186 keV
N m A -
0.02 - 004 - i S,
& 0.02 \L%L 0.03 ;
0[}1 3 | M 0.02 =
0.01 - i Y 0.01 -
0.00 + T T T 1 0.00 T T T |
0 500 1000 1500 2000 0 500 1000 1500 2000
E, Kev E, keV
Puc. 4. Kpusble NKoBOM M 06LLen 3(DEKTUBHOCTH, paccyuTaHHble npu nomowyy MCNP-koaa
ManbIX paccToAHUAX MeXAY WCTOYHUKOM W NMPUEMHUKOM. BbICyLLEHHbIA Ha BO3Myxe 06pasel, U3Mepsanu B Teye-

06pasey, cmonbl IONEX 6bi1 NOMELLEH B MeTannyecKuii Hue 50 000 cekyHA. AKTMBHOCTb Kaoro paanoHyknmmia
KOHTeliHep o6bemom 85 mn, 6 ¢cM B AnameTpe, BbICOTOM ANS NnUKa npu aHeprumn E paccyntbiBanach no creayroLLei
3 cMm, TonwmHa gHa 1 MM (puc. 5). Xumudeckui coctas  copmyne [3]:

KOHTeliHepa ykasaH B Tabn. 3. O6bEMHbIA BEC aKTUBHOMO
obpasua IONEX coctasun 0,79 r/cm®. CogepxaHue BOAb

B 06pasue cmosnbl IONEX onpegeneHo kak 10 %. 06pasubl Ta6nuuya 3

ObINM BbICYLLEHbI B CYLLWMLHON neyu ¢ npucytcTenem P205. AnemMeHTHbIA cocTaB cmonbl [ONEX

9InemMeHTHbI cocTa maTepuana IONEX npoaHanusupoBaH 1 METaNIM4eckoro KOHTenHepa

npu nomouyu npubopa Elementar vario EL Ill n npuseaeH

B Tabn. 3. cmona IONEX MeTannuyeckuit KOHTEAHEp
Cymmupytolme nonpaBoYHble KOIMMULNEHTbI Gbin ane- | Kowuew- | 3me- | Kowuew- | 3me- | Kowuen-

paccyuTaHbl Ans OCHOBHOrO y-u3ny4yeHus 235U (tabn. 4). MeHT |Tpauus, % | MeHT |Tpaums, % | MeHT |Tpaums, %
Mpucytctne 238U He NPUBHOCUT KaKUX-NNOO 3HAYUTESTb-
HbIX Y-TIMHWIA, W €r0 aKTUBHOCTb MOXXHO OLIEHUTb, UCMOMb3YA
NpoayKT ero pacnaga 234mpPa.

C 59,7 Si 1,1 Zn 0,05
N 11,5 Fe 0,24 Ti 0,02
0 12,2 Cu 0,03 Pb 0,01
H 11,4 Mn 0,53 Al 97,51
S
U

4,6 Mg 0,61 Cr 0,02
0,5

Tabnuua 4
PaccunTaHHble KOIMULNEHTbI CYyMMUPYIOLLEN
KOppekuun coBnageHnii ansa obpasua B 3 cm

reomMeTpum
Radionuclide E, keV Cs
U-235 143,77 1,0035
U-235 163,35 1,0014
Puc. 5. 06pasew; co cTaHAApPTHbIM 06pa3Lom cmonbl [ONEX U-235 185,72 10035
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. Vlccnepoaruve mMatepmnanos, pa3pa6OTr<a 1 MPon3BOACTBO CTaHAAPTHbDIX O6pa3LlOB

A= .C

gty °

" Ps(1)-P(EL,)-P(E2)) s
P(E0)

Ps(2)-P(EL,)-P(E2,)

P(EO) '

K (EO) =

+

K. (EO0)=1-Pc(LX)-T(LX)-
~Pe(KX,)-T(KX,)=Pe-(KX, )T (KX, )~
—Pc(EL)-T(EL)-Pc(EL,)-T(EL)...

roe N — 4ucno OoTCYeTOB B 3aJaHHON MNOLWA[W nuka,
CKOPPEKTUPOBaHHOE AN (POHOBbIX MUKOB NKa MpuW 3Hep-
rmn E;

€ — 3(PEKTUBHOCTb NMUKa Npu 3Heprum E;

t — OTCYeT XWUBOro BpemeHu;

Y — 4ucno ramm B pacnafe Hyknupa ans nepexoja
npu sHeprum E;

Cs = Kp- Kg — NCTUHHBIN KOI(MDULMEHT KOPpeKLmn
CYMMUPYIOLWINX COBMafeHWA ans cymmupoBanus B KS
1 ucknyeHus acpekToB KC;

Ps(i) — cymmupytoLime KoapmuLmeHTsl;

10000000 -
1000000 - i
100000 {  9° =23

143.767 keV (1

163.356keV(5.08%
05.36keV1 (5.02%) U-235

10000 -

,
2572 keV{0.1%)Pa-234

N /50000 s

1000 -

B4.214KkeV(6.7%) Th-231

100 4

112,80 keV(0.215%) Th234

keV(1.08 %) U-235

=
20212

Ta6nuua 5
AktueHoCTb U,,(2*U, 238U) B 06pasLie, BbICYLIEHHOM
Ha BO3AyXe

PapnoHyknua MaccoBas akTuBHOCTb, kBq/kg
U-235 6,5 (1) (k=1)
U-238 145 (4) (k=1)

P(E14), P(E2), P(E1,), P(E2,) n P(EQ) — 3chdheKTMBHOCTH
NUKOB N OOTOHOB C 3Hepruen E1y, £24, E1,y, E2, 1 EQ,
E0 = F1, + E2, = E1, + E2, = ...,

Pc - cymmupytowe koapduumentol E0 ¢ LX, KX,
KX;, E14, E1,.

PesynbTaTbl pacCYMTaHHbIX aKTUBHOCTE MpPUBEAEHbI
B Tabn. 5. CnekTp o6pasua, cobupaemblil B Te4eHne Ann-
TeNbHOro BpemeHu — 50 000 cekyHA, COAEPXXUT MHOXKECTBO
NNHUIA ramma-usnyyenus (Taon. 6, puc. 6).

3aknovyeHue

MpoBefeHbl UcCefoBaHUA TOMOTeHU3UPOBAHHOMO
mMartepuana ns HoBOro CTaH4apTHOro 06pasua ans BOAHOM0

IONEX resin

3m

34
z

T66.361 keV (0323 %) Pa-234m

786.595 keV(l.

,,
22 %) Pa-234
10071026 (0847 %) Pa-

34

T42.813 keV(0.094%) Pa-234m;
3

T43.084 keV(2.09%) Pa-

5691 keV(4.2%) Pa234
661.66keV{8499%) Cs-137
380.92 keV(6.3%) Pa-234
946.39keV(13.6 30) Pa-234

25.4 keV (8 %) Pa-

0 200 400

600 800 1000
E, keV

Puc. 6. XapakTepHble YNCTbIE raMma-CnekTpbl UCTOYHUKA ¢ maTepuanom IONEX, comepXalmm ecTeCTBEHHbIE PaAMOHYKNNbI
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VccnenosaHue Matepmnanos, pa3pa6OT|<a 1 MPon3BOACTBO CTaHAAPTHbIX O6paBLLOB .

Ta6bnuua 6

EcTecTBeHHble pagnoHYKNuAbl ¢ 3Hepruamn (E) 1 BEPOATHOCTAMW ramMmma-usnyveHnin (Y),

nosiydeHHbIMU 13 cnekTpa [4]

RN E, keV Y, % RN E, keV Y, %
Th-234 63,3 (2) 3,75 (8) U-235 163,356 (3) 5,08 (3)
Th-234 73,92 (2) 0,0133 (14) U-235 185,72 (4) 57 (3)
Th-231 84,214 (13) 6,7 (7) U-235 202,12 (1) 1,08 (2)
Th-234 92,38 (1) 2,18 (19) U-235 205,316 (4) 5,02 (5)
Th-234 92,8 (2) 2,15 (19) Pa-234m 766,361 (20) 0,323 (4)
Th-234 112,81 (5) 0,215 (22) Pa-234m 1001,026 (18) 0,847 (8)
U-235 143,767 (3) 10,94 (6)

X03A1icTBa. [laHHbIil NepcneKkTUBHbIA CTAHAAPTHbIA 06pa-
3el Obl1 U3roToBneH U3 Hacroswero PMMM matepuana.
Matepnan IONEX 06bl4HO cofiepXuUTCs B (ounibTpax ans
04UCTKN BOAbI (AN19 yAaneHWs ypaHa U3 NUTbEBON BOAbI).
PaanoakTmeHass OfHOPOAHOCTb CTaHAApTHOro 06pasua
NOATBEPXK/AEHA U3MEPEHUSAMI CEMU MIAEHTUYHbIX 06PA3LIOB.
Pesyrnbrathl OLieHMBAHNSA NOKa3bIBAKOT, 4TO MaTepUasbl CTaH-
aapTHoro o6pasua IONEX ogHOpofHbI N0 paanoakTUBHOCTY
B npegenax 1 %. [ina namepenus aktusHoctu 235U n 238U
npumeHsnn HPGe-aeTexTop, Ans pacyeTa KoauLNeHToB
Koppekuun npumensnn MCNP-mogens. MCNP-koa 6bin
MPOBEPEH CPaBHEHMEM PEe3yNbTaToB, BbIYUCNEHHBIX A
CMeCW paanoHyKNUAOB, cofepxalunxcs B obpasLe cunin-
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KOHOBOI0 Kay4yka, C W3BECTHbIMI aKTUBHOCTAMW papuo-
HYKNUAoB. AKTMBHOCTb 235U npefcTaBneHa B efMHMLAX
kBq kg-1 n aktmsHoctb 238U B coTHsax kBq kg-1.

BnaropapHocTu

OpraHusaums EMRP cOBMeCTHO (PuHaHCMpyeTCH
cTpaHammu-y4actHukamu EMRP B pamkax EBponeiickoil
accounaLmn HaunoHanbHbIX METPOSIOTMYECKUX UHCTUTYTOB
1 EBponeiickoro cotsa.

Ilepesoo J].B. Cmoposickosoil,
QI'VIl « YHHHM»
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