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Abstract:

According to the program it was bilateral supplementary comparison between NSC "Institute of
metrology"”, Ukraine and <VNIIFTRIfl, Russa. In March 2005 the bilateral supplementary comparison
took place.

In April 2005 on 5™-meeting of COOMET in Braunschweig there are representative of these
institutes exchanged date which show the National standards of Ukraine and Russiain the check points.

During the dissuasion of the procedure some participants deci ded to join the comparison program.

<BelGIMfl (Belarus), <VNIIFTRIfl (Russia), <PTBfl (Germany), <VNIIMfl (Russia) and Latvian
National Metrology Centre took part in the comparisons.

Comparison of National standards of volume activity radon -222 using standard radon radiometer

(transfer standard) calibrated on own National standards of comparison participants.

1. Introduction

The aim of the comparisons is confirmation the uncertainties of measurements, which were claimed
by the participants, and confirmation of the claimed line of CMC (calibration and measurement
capabilities). Comparisons of the National standards of 2Rn volume activity was conducted on the base
of NSC «Institute of Metrologyfl (Kharkiv, Ukraine) by means of the transfer standard, which were
calibrated against the own national standards of the participants of the comparisons. The value of **’Rn
volume activity, which was realized by radon generator and determined by reference standard of NSC

<Ingtitute of Metrologyfl, was taken as the reference value.
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2. Pilot laboratory and Participants
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Table 2.1. Pilot |aboratory

Pilot laboratory
(UKRAINE)

National Scientific Centre <Ingtitute of Metrology fl (NSC <IMfl)

Volodymyr Skliarov, NSC <IMfl
Address; 61002, Kharkiv, Mironosicka, 42

Contact person

e-mail: svwv@metrology.kharkov.ua

Phone: +38 067 970 21 31 Fax: +38 057 700 34 47

Table 2.2. Participants

- NMI Address for sending the Acronym Transfer-standard Contact person
sample
1 All-Russian Scientific Research Moscow Region, Sergey Korostin
Institute of Physical, Technical Mendeleyevo VNIIFTRI Alpha GUARD santro@amplituda.ru,
and Radio Measurements 141570, PQ 2000 EF 0340 ir@vniiftri.ru
RUSSIA Phone: +7 495 535 08 13
Fax:. +7 495 535 93 05
2 Belarusian State Institute of 93, Starovilensky trakt Valery Milevsky
Metrology 220053, Minsk, BelGIM AlphaGUARD ion@belgim.bel pak.minsk.by
BELARUS PQ 2000 EF 1481 Phone: +375 17 233 65 04
Fax: +375 17 283 09 38
3 Latvian National Metrology 31 Mierastr., Salaspils, Antons Lapenas
Centre Ltd. Radiation Metrology | LV-2169 LATVIA RMTC <Atmos 12Dfl alap@latnet.lv, and
and Testing Centre ATM 200 juris.maurans@l|nmec.gov.lv
Phone: +371 790 12 10
Fax: +3717901210
4 D.l. Mendeleyev Institute of 10 Moskovsky av, 190005, Igor Kharitonov
metrology Saint-Petersburg, RUSSIA VNIIM Alpha GUARD khia@vniim.ru
PQ 2000 EF 0418 Phone: +7 812 323 96 11
Fax: + 781232396 17
5 Physikalisch-Technische Fachbereich 6.13 Annette Roettger
Bundesanstalt Bundesallee 100 PTB Alpha GUARD annette.roettger @ptb.de.
38116 Braunschweig PQ 2000 EF 1145 Phone: +49 531 592 61 20
GERMANY Fax: +49 531 592 61 09
6 National Scientific Centre 42, Myronosytska str. Volodymyr Skliarov
<Institute of Metrologyfl* 61002 Kharkiv, NSC 'IM” Alpha GUARD svv@metrology.kharkov.ua
UKRAINE PQ 2000 EF 0240 Phone: +38 067 970 21 31
Fax: +38 057 700 34 47

! Pilot-laboratory



svv@metrology.kharkov.ua
santro@amplituda.ru
ir@vniiftri.ru
ion@belgim.belpak.minsk.by
alap@latnet.lv
maurans@lnmc.gov.lv
khia@vniim.ru
roettger@ptb.de
svv@metrology.kharkov.ua

3. General description

3.1. Brief infor mation about national standards
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Table 3.1. Standards

Metrological characteristics
Standards Range of measurements, Expanded Transfer standard
Bg' m* uncertainty, %

State primary standard of Transfer standard
Ukraine from 30 to 3x10* b TS 12-01-97
Russian primary standard of
measurements of radioactive from 30 to 10* 1o Alpha GUARD
aerosol volume activity
Standard plant of VNIIM from 50 to 10" (1o Alpha GUARD
National standard of Belarus from 50 to 10" 10 Alpha GUARD
German radon reference
chamber from 10 to 10° 2,5 Alpha GUARD
Standard plant of Latvian
Radiation Metrology and from 10 to 10° [10 Atmos 12D
Testing Centre

3.2 Generators of “?Rn and SCDV

At realization of solid generators of % Rn the direction was chosen, which is connected with
the standard samples of the uranium ores that were developed in Ukraine. The methods of research
and realization of the mass parts of uranium and radium in the samples of the standard samples of
uraniumore”, -768" .

The methods of the investigations were based on the comparison of the mass parts of uranium
and radium in the specimens of the standard samples of usual keeping in the nuclear -physical
laboratory and the control standard samples, which were kept at the special storehouse of Scientific
& Production Association <Kirovgeologiyafl under the conditions, which provided the stability of
characteristics. Nine from twelve selected for investigations packages of standard sample “, -768"
were subjected to the experimental investigations for determination of the coefficient of emanation.
One weight sample of 1 g was taken from every package. All the nine samples were investigated by
spectrometric system <Kvantulus -1220fl. The preparation of nine samples and measurements were
conducted according to the exploitation documentation for spectrometric system «Kvantulus -1220fl.

The result of the measurements of the determined emanation of *’Rn is presented as

Emanation = (5.2 00.1) Bq® g, P= 0.99.

Estimation of the standard sample mass shows that it is necessary to use not more than 2 kg
standard sample . -768" for getting volume activity of 10 kBg” m™ in the measurement chamber
of volume of the order of 1 m>. Hence, the volume of the capsule and the biological protection of

%22Rn generator were computed. The uncertainty of 2’Rn specific emanation from the standard
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sample is less than 1.2%, the uncertainty of standard sample mass is less than 0.04%, the
uncertainty caused by 2*?Rn decay correction is less than 0.3%.
The document on standard sample “, 768" is given in Appendix 1. The uncertainty of the
reference value (SCDV -Supplementary Comparison Defined Value) or Comparison reference value
(CRV) is uncertainty of ?Rn output from the standard sample of uranium ore.
3.3 The double-chamber standard plant

The double-chamber standard plant is created for assurance of realization and keeping the size
of the unit of radon atmosphere volume and for transfer of the size of the unit of radon atmosphere
volume to the model and working measurement means. At measurements conducting all the transfer
standard were placed inside the double-chamber standard plant. Radon atmosphere was created i n
the volume of double-chamber plant the values of the realized and measured radon atmosphere were
written in the protocols.
3.4 Stability

At preparation of the national primary standard of Ukraine to the international comparisons
the investigations of the stability of the indications of realization and transfer of the volume activity
of ?Rn generators and the transfer standard were conducted. The set of the statistical data on
realization of radon atmosphere since the moment of exploitation since 1997 to the beginning of
conducting the international comparisons in 2004 allows concluding that instability of the national

primary standard of Ukraine does not exceed [0.096 % per year.
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Fig. 3.1. Stability of the national primary standard before comparison.



3.5 M easurement conditions
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The experiments were carried out at the passport values of the standard exploitation:
20 05;

Environment air temperature, >

Atmospheric pressure, mm. Hg.
Air relative humidity, %

At comparisons conducting the necessity of the repeating realization of the radon atmosphere
with the given activities arose. Instability of radon atmosphere did not exceed 0.15 % per year at
comparisons conducting. The value of the instability is negligibly small. Thisfact allows not taking

account the radon atmosphere instability in the course of comparisons. The values are given in

Fig. 3.2
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Fig. 3.2. Stability of the national primary standard during comparison.

Now the research of instability is continuing. The values are givenin Fig. 3.3.
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Fig. 3.3. Stability of the national primary standard after com parison.

4. Procedure of the comparison

4.1. Preparation DETU 12-01-97. (is conducted by taking side before participant comparison).
4.1.1 Accumulation by generator GRS-001, GRS-002 and GRS-003 radon.

4.1.2 Connection generator to vacuum system.

4.1.3 Technical regulations of the vacuum system.

4.1.4 Metrological certification of the system of measurement thermodynamic surrounds
parameters.

4.2. Preparing the standard facilities of volume activity 2?Rn.

4.2.1 Charging battery.

4.2.2 Clear the surface from contamination.

4.3. The accommodation of the facilities of the measurement of volume activity radon -222 in
volume of the Standard Measuring Camber (SMC).

4.4. Capsulation SMC.

4.5. Rollout air from SMC (not below 550 mm. Hg.).

4.6. The opening of the input valves generator.

4.7. Filling SMC radon by atmosphere.

4.8. The indirect measurements of the volume SMC after accommodation of the facilities of the
measurements participating in comparison.

4.9. The registration of the evidences of the master facilities o f the measurement volume activity
radon-222 in checkpoints.

4.10. Data processing and writing the protocol and report on comparisons.
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5. Reports of results
The data were reported in accordance with the form [1-6]. The input data for calculating the

comparison results are the measurement results of each X, institute and related declared standard

uncertaintiesreferredtoas u x, , wherei  1,....,N are participating institutes.

The calculation agorithm of the results for ever participant is following:

Defining of the average value of the result by ] measurement;

Calculating of the measurement result taking into account the calibration factor, background
value and period of “?Rn decay;

Calculating of standard uncertainty type A;

Calculating of standard uncertainty type B;

Calculating of summary standard uncertainty ;

Defining of effective freedom number;

Calculating of expanded uncertainty.

The summary is given in the table [0.1 in Appendix 3. From the measured twenty points, ten
were received by registration during the decay of **Rn volume activity from higher volume
activity. Ten points were received from solid-state generators of radon by means of their different
mutual commutation and by using residual activity of ever generator at definite moment of the

experiment.

6. Dataevaluation

The main idea of the data evaluation is determination of the deviation of the participantsC]
results from the well -defined value of the Supplementary Comparison Defined Vaue (SCDV). As
the reference level we take the value, which is realized by generator. None of the institutes has the
direct traceability by Rn. The deviation of the values of every participant from the reference oneis
the degree of equivalence.

The next criteria should be done for the each participant in the case of confirming declared

uncertainties:

‘x X, o

1 Q)

E,
2\/|u2 X U® X4 200V X, X4 |
Where x, [ specific activity measured by the i-th participant, u x, [ standard uncertainty of the

mesasured activity by the i-th participant, u X, - standard uncertainty of the CRV.
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For all participants of the comparisons, except the pilot laboratory, the covariation are equal to
zero. Since the calibration of the transfer standard was performed by the own generator, that

COV X, X  U° X 2)
For all participants of the comparisons the following condition should be checked

|X Xref

‘ 1 ©)
2\/ u® X U X4
For pilot laboratory rigid conditions are used
X X
| i ref | l (4)

2\/|u2 X U Xy |
Thelist of the Ei values are given in the table 2 in Appendix 3. Results of the comparison is given

inthe Fig.6.1.
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Fig.6.1. Results of the comparison
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7. Summary and conclusion

As aresult of the conducted supplementary comparisons the claimed metrological characteristics
of the national primary standard of the unit of Rn volumetric activity are confirmed.

The results are ready to be published in Appendix B of the MRA under the identifier COOMET
RI (1) OS1.Rn-222 (169/UA/98).

On the basis of the results of the international comparisons of the national standards of the
countries-participants one can draw the conclusion about confirmation by Ukraine the line of
CMC 2.4.2.1. that is the information on calibration and measurement capabilities, which are
necessary for inclusion into the Appendix on the mutual reco gnition of the certificates of the

national metrological institutes.
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3 Appendix 1
Certificate of theuranium ore P

MHHHCTEPCTBO FEONOrHH CCCP

CBUIOETENbCTBO

HA CTAHOAPTHHIA ©@EPASEL YP 788C YPAH‘OEOR NOPOWKOBOMN PYIALI CHIHKATHOTO COCTABA M 483-74

II'lO FOC)’ﬂAPCTBEHHGM)’ PEECTPY MEP H H3MEPHUTEMNBHBIX NPHEOPOB CCCP
(paagen "CranlapTHHE oGpaaun’) :
1. ATTECTOBAHHAA XAPAKTEPHCTHKA, cpeaneo codepxaine sassenton, %
Ypan - 0,768 4
Pannfl b sxsusasente ypasa - 0,782

ATTECTODBAHHOE COAEPHAHHE ABNAETCA OBAIATENBHEIM NMPH NPHMEHEHHHA OBPA3LA.
NMpnmesanne: a) A BTTOCT 1%

yET ¢ narp THIO, T, HE NP A (€ noseprrensHod BopoRT-
nocTeie P=0,05) no aScomoTHOA BEARYNKE ONF BLIWEYKOIARHLT cosepmanf:
¥pan = 0.011

Paoufi b SKDUBANEHTe ypaua - 0.015
O6pa3ey aTTeCTORAH B NaGOPATODURX OeEATH opranuaamni M CCCP.

2, HASHAYEHHWE: faknuf ofpajen Apeinadnsten b KAavecTDE wmephl OAR FPAlYMpOBRN, NOLEPER CREACTE MaMepentd {naGopaTopusix
p!:lo“l?p“eﬁlﬂ(x AHANUB3BTOPOB BCEX ‘l’lﬂlﬂb} A AN EOHTpONR H]J!B!ﬂhitol’.“ﬂ'l aKanu3a ypaua R’ palun B NOPOWED-
pux Npofsx FOpHEX Nopol ® pYH METOdaMm padloMeTpileckoro: AHanN3a no AeTa-ranMo-iNanyieRsn.

5. DOKYMEHTEL ONPELENAOUKE NOPAIOK NMPHMEHEHHA CTAHOAPTIIONG OEPA3UA:

s} Huctpyruun - "Onpefefienne pPaAfUOBKTERHALX snementos (ypan, paanf, TopaR
aromeTpuMeckEM Metosom. M. 1873 r.
(peKDMﬂHBDBBHB HGY‘IHHM CopeToM N0 AHANMTATECKHM METonAM K OpUMEHEHHID QAR axank3n recximn-
MEgecknx npof - ¥1 FaTeropHm M 4AR aMANN3A PRAOHLIT npof - il xaTeropus.
fiporoken Ne 17 oT B71Y-70 r.)

6) HWiucTpyruus - “PaanoMeTpu¥ecknfl mMeTol onpelenemis ypana B ¥p # pa LX YpAaH: P npofaz
[0 GeTa-N HETErPAALHOMY raMMa-uanyiesuo’. M. 1967 r. (Pexosmenaosana Haywssid Copetom no

ANBAUTHIECKRM MOTOLlaM X NPHMeNeRAID O0R EHAAHIA PRICEME npot Ul xaTercprk.
Mpotoxon M 8 or 13/¥1-88 r.).

. Kanif) B ropumx NOponax CHNeXTpOpa=

») TMpaktuteckos pyxomolcTeo - “PagdsoMeTpryeckne MeTooN ec

TEET P rHBHME Fnementos”, M. 10GE .
Antopsi:’ E.H. Meaeanosa, H.1. Wimunun, B.A. 0%a,

r) *Metoam aWami3a ecTeCTBEHHMX PALNOARTHDYEIR aneMonTos”. M, 1881 r. Asvop B.J1. lawxuu.

el P (TauHK MO T v cranaspTinx ofpajuchk TeNa ¥YP.
4, 10NONHNTENBHEE XAPAKTEPHCTHKM:

a) panKonOrEYECKAN:

Topuh - 0,0022

Kanud - 0,35
|| Kozgd T Is WA - 4,2% OTHOCHTeMLUBX.
G) xmmEyecxan:
: . | o . cox
Oxncnw | Si0y| A1O: | Fo,05 | FeQ | TiO| MnO | PpOs Ca0 | MgD | K0 | NaO | o2 | UGy | nunn. 5 | HyO Expt
Cpeanes N H
coaepw.| 58,16 16,08 2,53 | 1,42 0,38 0,05 | D.14 4,20 | 2,08 | 0,38 8,36 0,21 0.81 4,08 £9.80 | 0,12| 3,34
%

PeaynsTaTh QHAAMIOB, YKaJsHKue B CBUAETENLCTBE, asum B paciére wa MaTepian, BRICYWEsHEA NpR IIGQC.
B) MERepanoruimcran: i i ; g
AnubHTHTM © DEPANNEHHEIM OPY . Ypauonas o coctaBa, npecGnanaKT BACTYPER, ypa-
HOBME WEpNE, HEHAAKeBHT, XoppuuAT, YP dou, GF 1., Pasmap 1% X nos 0,05 = 0,2mm.
ConyTCTBYRIIHE MEREPANL -TEMHOUBETHER (10-15%) - xAopaT, INWNCT, UHPEM, POAYIAT, XEMLONT. Pyamua (0,1-1%)

~rEMOTHT, MeAe3LaR emoaEa, MAMIETET, PRI POORACALD Kﬁﬂha!, MEPHET - B pEOKEX SODK“-AKHGCCDFQ"‘.:“B"?. MAaNaKOH.
5. NPOMIE XAPARTERHCTHIH: '
a) H

: ;
Th P p TRAHBX ton B maTepeane obpasua 20 r, cocTasnseT 3,4% OpR Aome-
puTenwnof sepoaTwocTe 0,85 1

§) Cerperauis PaaNcAKTABNMY JAGMENTOB B MaTepKane obpa3ua He YCTAEODBAZEA.
8) Crenenn mamensicras = 0,18 wu. .

5. TPREEOBAHUA K YCNOBHAM XPAHEHMA W TPAHCNOPTHPOBAHHA
O6palen MOCTABNRGTCA B HaBecka 600 r. s crekasxuol Gangn c npxTeprod np
x;:amrrs B 7cnun\mx. NCXA0AMCIEE BodIoACTRRR AHMETECKHX BEWMSCTH.
fipm TpanenopToponaiiy olpaden Th B @ wnu oep R muoHx,
xol, e - B

7. CPOK AENCTBHA CTAHIAPTHOIC OBPA3UA: MATHAAUATD NET.

8, fara sunycra: aBryct 1870 r.

oHEoA, NoOMeWeKHoR B RapTOHMIN ROpOSaY.

NPOCTPAHCTBO SANDAHETE METXOA CTPYm=—

PYKOBOAHTENL OPFFAHH3ALHH (B.H. HH3OBCKHR) |
OAHHBA CTAHIAPTHbLIA OBPA3EL MITOTOBINEH B COOTBETCTBHI C FOCT 14283-688 H BHECEH B MOCYOAPCTBEHHHA
PEECTP MEP I H3IMEPHTENRHEX NPHBOPCB ccep (pasnen "Cransapriue oGpasnm”) ’
P:‘noamumni Deeconatoro NEyTHO-RCCTENOBATEALCROrD HERTRA
rocyaspeToemiofl cnyxGu CTAN10pTHKE ofpa3uos,
ASETOP IUMBIRCEAK HOYE

[AF.MAEBHY)
Kaen=103, a/a 16U, 3a2x. 5727, wp. 4 =100,
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Uncertainties budgets of the participants

Latvian National Metrology Centre Ltd.
7 Radiation Metrology and Testing Centre
31 Miera Str., Salaspils, LV-2169
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Appendix 2

Certificate,,
of calibration of measurement equipment

A. Company name and address_LNMC Ltd., Radiation Metrology and Testing Centre,

122/06

Ph.: +371-7901210; GSM: +371-9564084; Fax: +371-7901210

31 Miera Str., Salaspils,

LV-2169, Ph.+371-7901210

radon monitor

B. M easurement equipment
Name:__Atmos 12 DPX Nr. ATM 200

Usage: measurement of radon gas concentration in rooms

C. Calibration
Date: April 26 OMay 18, 2006
Protocol =~ A30/06K
Place of calibration: LNMC Ltd. RMTC

Method: Parallel measurement of radon gas concentration in the controlled conditions of radon stand by the reference

instrument and calibrated device

D. Uncertainty Declared uncertainty U is an expanded uncertainty U = k * U . with a coverage factor of k = 2, ensuring 95%
level of confidence (doc. EA-4/02). The combined uncertainty U is the root of the sum of all squared uncertainties, which can
be evaluated by statistical means (uncertainty type A, U ), and al other squared uncertainties (uncertainty type B, Ug ),

whereby U2 = U2 + Ug?

E. Traceability _Radon gas monitor ATMOS 12DPX s/n ATM 239, SSI Certificate N0.2005/3253 -421, 18.11.2005,

traceability to NIST; Barometric-thermo-humidity meter HMP143 s/n Y 3310005, Certificate No.H17 -05390110.

Conditions of measurements; air temperature T = 19.5-20.6 °C, pressure p = 1013-1026 hPa, relative humidity w = 22 %

F. Calibration methodic Cadlibration of radon measuring instruments and detectors. Methodical quidance RMTC 05 -04

(FS.Prc.10.01.05.01.04).
Calibration results

Mean radon gas activity during the M easured radon gas _ _
calibration, Bglh 3 activity, Bqlh 3 Calibration factor®

186 18 181 U6 1.083011.7%

268 08 262 05 1.023 010.8%

33708 33808 0.997 J10.6 %
612 012 643 012 0.952 J10.4 %
1214020 1285 120 0.945 J10.3%
2012 026 2167 028 0.928 J10.2%
3011 030 3245132 0.928 J10.1%
4031 036 4344 140 0.933010.1%
9072 062 9754 068 0.930 010.1 %
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