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XAPAKTEPU3ALIMA I NACMOPTU3ALIAA PAO

RADWASTE CHARACTERISATION AND CERTIFICATION

B.B. BEPBUILIKII
(TYII MocHIIO <Padomn»)

m [lepBoocHOBOII cucTEMbI 6e30nacHoro o6patie-
HUA C paANoaKTUBHbIMU OTXO4aMM, HE3aBUCUMO
OT CYLLEeCTBYIOLUX unn Gyaymux AonrocpouHbIx
nporpamm, 3TanoB UX NPaKTUYeCcKoli peanusauum
1 TEKYLLMX NPUOPUTETOB, ABNAETCA 3HaHUe paau-
ALMOHHDBIX XapaKTePUCTUK U BeLeCTBEHHOIO (Oo-
cTaBa yyeTHbIX egunuy, PAO. VcTouHuKom 3HaHUi ABnAeT-
CA XapaKTepu3aums 0TX040B.

B noxymentax MATATO BcecTopoHHE pasbsCHEH 3TOT
HeoTbeMJIeMblil aTpubyT cucrembr obparienust ¢ PAO. PAO
JIOJIKHBI OBITh OXapaKTePU30BaHbI JIJIsT OPeeTIeHIsT NX (PUsn-
YECKUX, XUMUYECKUX U paJuallMOHHBbIX CBOﬁCTB, 4YTO LaeT BO3-
MOKHOCTh TIPOBECTH KJIaCCH(PUKAIIIO [UIst BbIOOpa Hanbosiee
6€e30MacHOT0 1 9KOHOMIYECKH 3 (PEKTUBHOTO BapraHTa 0Opa-
IIEHUS C OTXO/IAMH.

Xapaxrepusariyst v KJIacCU(UKAIMst TO3BOJISTIOT:

— 00€eCTIeUnTh JIOCTOBEPHBIMU CBEICHUSIMIU CHCTEMY 0Opa-
tennst ¢ PAO nipeAnpusiTist 1 rocyIapcTBEHHYIO CHCTEMY Yue-
tau koutposst PB u PAO;

— pa3AesiMTh OTXO/bI B IEJIAX UX YCJIOBHOTO (OI‘paHI/I‘IeH-
Hast 06J1aCTh TIOBTOPHOTO MICTIOTb30BAHNST) MITH GE3YCIOBHOTO
(HeorpaHuyeHHas 00JIACTb) OCBOOOIKIECHUS OT KOHTPOJIS;

— MUHUMHU3UPOBATH PUCK OIMUOOTHOTO PEIEHIIST TIPU BbI-
6ope crocoba mepepaboTKy, XPaHEHUS 1 TIepeIadl PUeMIe-
MBIX PA/INOAKTUBHBIX OTXO/IOB C OTHON CTA/INN HA IPYTYIO;

— TIPOTHO3UPOBATH M3MEHEHIE XapAKTEPUCTHK U TIOBEJIe-
nue PAO, pa3melrieHHbIX B XpaHWJINITIAX.

METOAbI PASPYLLAIOLLET0 KOHTPONA

MeTo/ibl pa3pymIaioIiero KOHTPOJIst TPEAIoJIaraioT 0Toop
npob n nx ananns. OHY HE3AMEHNMBI [TPY TIPUCYTCTBUM B OT-
XO/IaxX B-M3/Tydaionix PaguoHyKIN/I0B; MOTYT HCIIOJIb30BaTh-
cs1 s xapakrepusaiuu PAO. OHako, 9TOT BApUaHT MOKET
€o3/1aBaTh MPOOJIEMBI, TJIABHBIMU U3 KOTOPBIX SIBJISIIOTCS TIPO-
JIOJLKUATENIbHOE BpeMs OKUIAHUS U HU3Kasl I0CTOBEPHOCTD pe-
3yJIBTaTOB N3MePeHHiL.

[TprauHoit TpyAHOCTEH sIBIIsIETCsT caM 0OBEKT JTabopaTop-
HBIX MCCIIEI0BaHMIT — ToueuyHast ipoba u3 yrakosku PAO, ipo-
HIE/INAsl [TPEIBAPUTENBbHYI0 MHOTOCTA[UIHYIO TOJITOTOBKY.
OT6op TIpeCTaBUTENTBHOI TIPOObI 3aTPYAHEH TIPU HATHYNUH B
OTXOJIAX METAJLUTMYECKUX KOHCTPYKIUI, CTPOUTEIBHOTO MY-
COpa, BEHTUJIAIIMOHHBIX (DUJIBTPOB, CIIETIONEKIbI, OpraHIde-
CKUX OCTaTKOB, TPYHTOB, XUMITYECKIX PEAKTIBOB, 30JIbI 1 T.1I.
CpoKH oIy YeHnsT pe3y ITaTOB U3MEPEHII MOTYT COCTABIATD
HeJIesn, B TO BpeMsI Kak (e/iepasibHble HOPMBI U ITPaBUJIa TPe-
OYIOT IPOBECTH OKOHYATEJIBHYIO ITPUEMKY, BKJIIOYAs COIJIaco-
BaHUe Pe3yIBTaTOB U3MePEHNT C TOCTABIIMKOM, 1 TIOCTAHOBKY
PAO na yuet ne mozzree 10 cyToK rmocsie ux morydeHusl.

ITo pesyasratam ripoBoanmoii B TK «Pocatom» paGoTsl 110
OpraHM3aIluy 1 ITPOBEJIEHUH Ha TIOCTOSTHHON OCHOBE OTpacJie-
BBIX MEKJIa00PATOPHBIX CJMYEHUI METONOB U CPEICTB U3Me-
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V.V. VERBITSKY
(SUE SIA Radon Moscow)

m The backbone of any system for safe manage-
ment of radioactive waste, regardless of any on-
. going or future long-term programmes or their
| stages of practical implementation or current pri-
| orities, is knowledge of the radiation properties
and material composition of the radwaste units
that are managed. The source of this knowledge is charac-
terisation of waste.

IAEA guidelines provide an extensive explanation of
this intrinsic element of any radwaste management system.
Radwaste must be characterised in order to establish its
physical, chemical and radiation properties, enabling clas-
sification and selection of the safest and most economically
efficient method of waste management.

Characterisation and classification allow to:

— Supply reliable information to the site radwaste man-
agement system and the national radioactive substances
and waste accounting system;

— Segregate the waste into conditional (limited re-use
applications) or unconditional (no limitations on re-use)
clearance groups;

— Minimise risk of mistaken choice of processing tech-
nology, method of storage and transfer of acceptable radio-
active waste from one stage of management to another;

— Predict changes in the characteristics and behaviour
of radwaste while in storage.

DESTRUCTIVE EXAMINATION

Destructive examination methods presume collection
and analysis of samples. Such methods are essential when
the waste includes B-emitting radionuclides; they may also
be used for characterization of radwaste. They, however,
have certain drawbacks, the most important of which are
the long time it takes to obtain results and low reliability of
measurements.

These difficulties are attributable to the very nature of
the object of laboratory research — a sample collected from
a single location in a package of radwaste, which has un-
dergone a series of preparations. Collection of a representa-
tive sample may be even more difficult if the waste includes
metallic structures, construction debris, ventilation filters,
clothing, organic residue, soils, chemical reagents, ash, etc.
The duration of time for measurement results to be received
back from the lab may be in the weeks, while the federal
regulations require that the waste be finally accepted (and
that includes agreement with the waste supplier on meas-
urement results) and put into the accounting system within
10 days of receipt.

Resulting from the work that is currently being per-
formed by the Rosatom Corporation to organise and regu-
larly perform industry-wide inter-laboratory benchmark
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PEHMIT OCHOBHBIX [I03000pa3yoIIX PaMOHYKINA0B (MHTEp-
KaOparuit) cemanbl CEAYIONIHE BHIBOABI O TEKYIIEM CO-
CTOSTHUY aHATITHIECKIX Jaboparopuii [ 1]:

— 3HAYMTEIbHAS YacTh 1abOpaTOpuii, BKJIIOYast aTTeCcTo-
BaHHBIE, HE CMOTJIH BBITIOTHUTD aHATM3BI «TEMHBIX ITPOO» €
JIOCTAaTOYHOW TOYHOCTPIO; HAMOOJI€E BEPOSITHBIM MCTOYHM-
KOM OIIHMOOK SIBJISIETCST 9TAIl MPOOOIIOATOTOBKY;

— HEJIOCTOBEPHOCTH (HU3KAsl TOYHOCTD) psA/ia Pe3yibTa-
TOB MOKET ObITh 0ObsSICHEHA MCIIOB30BAHIEM HEOTITUMAJTb-
HBIX METO/UK, MOPAJIbHO YCTAPEBIEro 060pyI0BaHsI U He-
BBICOKOU KBasmduKaimeil mepcoHaa;

— pasBuTHe paboT 10 MHTEPKAIUOPAIIMN HA MOCTOSTH-
HOI OCHOBe TpebyeT cosiaHust OGUOIMOTEKN CTaHAAPTHBIX
06pasiloB B PasIMYHBIX MATPUIAX, OaHKA METOAMYECKIX
MarepuaoB, opraHusanuu ahPeKTUBHOI cucTeMbl 06yUe-
HUST ¥ TIOBBIIEHUS KBATN(DUKAIINN TEPCOHAT;

— WHTEPKAINOPAIUs TTIO3BOJISIET OMPEIETUTD MepedeHb
HEOOXOMMMBIX M JTOCTATOYHBIX TEXHUIECKUX CPEICTB LISt
BBINOJIHEHUN AHAJIM30B, KOHCOJUANPOBATD UX 3aKYIIKY, U
obecrreunTs skonomuio cpeacts I'K «PocaTom».

TakuMm 06pa3oM, Jaske B PaMKax OJHOIO BEIOMCTBA,
CYIIECTBYIOIIETO HECKOMBKO JIECSTKOB JIET, OTCYTCTBY-
er ylpaBJeHKe IIPOIeccoM 00eclieyeHus: eUuHCTBAa U3Me-
pennii. Kaxmass opranusanust obecnednBaer coOCTBEHHbIE
HOTPEOHOCTH B U3MEPEHUSX, OMUPAsICh HA CBOU (DUHAHCO-
BBbI€ U KQJIPOBBIE PECYPCBL.

HEPA3PYLLAIOLLNIA KOHTPOND

Jlna npeanpustrii ¢ 6ombimmmn oobemamu PAO, Haxops-
IIMXCS HAa PA3INYHBIX CTAAUAX OOPANIEHHs], TIPU XapaKTepH-
3aIUN TTPEATIOYTUTENTHHO UCTIONH30BATh 9KCITPECCHBIE, Hepas-
pyIIAIoIrie METO/IbI U3MEPEHNUT. JTO MO3BOJISIET CBECTU K MU-
HUMYMY TIPOOJIEMBI, BO3HUKAIOIIUE [IPK HEOOXOAUMOCTU Bpe-
MEHHOTO XpaHeHwsT GOJIBIIION0 KOJIMYECTBA OTXOIOB B OKM/Ia-
HUM TIPUHSTHS peliienusi. K Takum MeToiaMm OTHOCSITCSI:

— TIACCUBHBIE Y-CIIEKTPOCKOIUYECKUE — IJis OIleH-
KU COJIEP’KAHUSI B OTXOJAX Y-U3JYYarol[uX PaUOHYKIIH-
JIOB, BKJIIOUAST O-U3JTyYalolIe W TPAHCYPAHOBBIC HYKITH/IBI,
oTipeiesIsieMble TT0 IPOYKTaM PacIiajia;

— penHTtreHorpaduveckue, MO3BOISIONINE CYIUTh O CO-
JIEP’KUMOM YIIAaKOBOK C OTXOIAMU.

[TpumeHeHne aTHX METOAOB 0COGEHHO 3(D(HEKTHBHO
TIPY MCCIeZIOBAHNT HEOMOHOIITYEHHBIX OTXO/IOB.

JloTToTHUTENBHYIO TPUBIEKATETbHOCTD Y-CIIEKTPO-
MeTPUYEeCKUM MeTO/laM TIPU/aeT BO3MOKHOCTH COBpe-
MEHHBIX CUCTEM XapaKTepu3allmu MOJIeJNPOBATh (Hopmy
00beKTa, pacipejeenne akTUBHOCTH U MaTepuasa, mo-
[JIOMIAOIIET0 M3JIyYeHne, ¢ MOMOIIbI0 HaGOpa TUIIOBBIX
mabJI0HOB.

CoBpemenHoe cocrosinue xapaxkrtepusainuu PAO we-
TOJIAMM HEPA3PYIIAIOIIEr0 KOHTPOJS 3HAYUTEJIBHO XYIKe,
yeM TIpU  TPOBEACHUM JIAOOPATOPHBIX —MCCJAEIOBAHMUIL.
[TpobsieMbl Te ke, HO MHOTOJIETHWI OIBIT PaboT MoBCe-
MectHo otcytctByer. Hu I'K «Pocatom», Hu KoHIEpH
«Pocaneproatom», Hn OTYII «PocPAO» He mMeloT 11po-
TpaMM Pa3BUTHSA XapaKTePU3AIIH.

MPAKTUKATYNN MOCHINO «PALJOH»

Ha I'VII MocHITO «Panon» xapakrtepusarusi PAO Bo3-
JIO’KEHa Ha CIIEINAIM3NPOBAHHOE TIO/IPa3/IeeH e, B KPYT 00si-
3aHHOCTEN KOTOPOTO BXOJISIT:
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measurements to compare and reconcile measurement
methods and instruments for key dose-contributing radio-
nuclides (so-called inter-calibrations), the following con-
clusions have been made regarding the current status of
analytical laboratories [1]:

— Many laboratories, including some that are qualified,
are not able to analyse a sample of unrevealed nature with
sufficient accuracy; the most likely source of error was the
sample preparation stage;

— Uncertainty (low accuracy) of a number of meas-
urement results may be attributed to employment of non-
optimal methods, outdated equipment and poor personnel
qualification;

— Further advancement of regular inter-calibration ac-
tivities requires creation of a library of standard references
enclosed in various matrices, a databank of methodological
materials, and organisation of an effective system for train-
ing and advanced training of personnel;

— Inter-calibration provides an effective tool for iden-
tifying the essential and sufficient list of instrumentation
for analysis, and for consolidation of procurement of that
instrumentation, thus proving cost-saving for the Rosatom
Corporation.

Therefore, even within a single organisation that has
existed for dozens of years, there is no proper management
in place to assure uniformity of measurements. Each divi-
sion caters to its own measurement needs based on its own
financial and human resources available.

NONDESTRUCTIVE EXAMINATION
For companies that have to handle large quantities of
radwaste at different stages of management, characteriza-

Puc. 1. MobunbHbI y-cnekTpomeTp ENV.GMS-08.02 ana nsmepeHui
ynakoBOK 6osiblioro o6bema, umetowwx Gopmy napannenenunesa
Fig. 1. Mobile y-spectrometer ENV.GMS-08.02 for measurements on large
parallelepiped-shaped packages
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Puc. 2. Mo6unbHbIn y-cnekTpomeTp ENV.GMS-08.01m anist usmepeHuit
PAO B 200-n11TpoBbIX MeTannMyecknx 6oukax, obopyaosaH nnatdop-
MOV BpaLleHns

Fig. 2. Mobile y-spectrometer ENV.GMS-08.01m for measurements on
radwaste in 200-litre metallic drums, complete with a turntable

— xapakrepusaiug PAO (1poBezieHMe y4eTHBIX U I10/I-
TBEPSKAAIONTUX U3MEPEHM );

— macrioptusanust PAO (obecrieueHne corpoBOAUTEbHbI-
MM JIOKyMeHTaM¥ yueTHbIX exnauir PAO Ha Beex craausix 06-
parreHus);

— onieparuBHbIi yaeT PB 1 PAO 1 BbIITyCK OTYETHBIX JI0-
KYMEHTOB;

— BeJIcHUe apXUBa COTPOBOIUTEILHBIX, YICTHBIX M OTUCT-
HBIX IOKYMEHTOB.

Hammuue B cucreme obpamenns ¢ PAO npeampusitus ta-
Kux oreparuii epepabotrn TPO, Kak mpeccoBanme U C:KUTa-
Hue, TPeOYET UCTIOIB30BAHUS PEHTTEHOrPaUUECKUX METOJIOB
KOHTPOJIsI JJIs1 BBISIBJICHUE 3AIIPEICHHBIX K [IepepaboTKe Ipe/i-
MeToB. Takske IpUHUMAIOTCS BO BHUMaHUe KOahduImenT 3a-
noJiHeHust yrnakosku (peanbhbiii 00bem PAO) u opreHTHpo-
BOYHAS [JIOTHOCTh MATEPUAJIA B YIIAKOBKE.

ITpu BBIGOPE MOZIE/ TEXHUYECKUX CPEICTB Hepaspylia-
IOIIETO PEHTTEHOBCKOTO KOHTPOJIS CJIELYeT 0OPAaTUTh BHIMA-
HUE HA HAJINYUE POCCHIICKOTO CAHUTAPHO-THUTHEHITYECKOTO
3aKJIIOUCHUS, TPY30IO/bEMHOCTD JIEHTOYHBIX TPAHCIIOPTEPOB,
YCTOHYMBOCTD K OKPY:KAIONTIM BO3ICHCTBUSM (TIOHIDKEHHAS
11 TIOBBITIIEHHAS TeMITepaTypa, 3alblJICHHOCTD, BAASKHOCTD ).

ITporeaypbl y4eTHBIX U3MEPEHMiII IIPOBOJSATCS C IIOMO-
IO COBPEMEHHBIX TEXHUYECKUX CPE/ICTB — CTAIlMOHAPHBIX
U MOOUIIBHBIX cliekTpoMeTpoB Y-usiyuetusi ISOCS (CIITA),
«Canosnmky (Pocensr), ENVINET (Yexm).

[TepBble Ba cHekTpoMeTpa CIIETMATNCTAM — W3BECT-
Hbl. B Hamieil ctpaHe WX TPOAIAHO HECKOJIBKO 9K3EMILISPOB.
[orenmuaabHBIM MOIH30BATEIAM HE3SHAKOMBI CIIEKTPOMETPEI
ENVINET. Komnanus somrpasa B 2007 rozy KOHKYPC Ha TO-
craBKy obGopyaoBaHus Ayist Xapakrepusain PAO st TYII
MocHIIO «Panon» 1o npoekty EBpokomuccun « TACIS».

MeTpoJIornuecKyo OCHOBY YEHICKUX CIIEKTPOMETPOB
cocTaBisgeT IUGPOBOH  MHOTOKAHATBHBIA  CIIEKTPOMETP
DigiDART (roprosast mapka ORTEC, CIIIA). B ero cocras
BXO[IAT TOJTYTPOBOJHUKOBEIIH IETEKTOP, MHOTOKAHAJIBHBII
aHaJmM3aTop ¥ rporpammioe obecriedenre [soPlusB32.

OCHOBHBIM OTJIIYMEM YEIMICKUX CIIEKTPOMETPOB OT W3-
BectHbIXx [ISOCART, aBisercss mocioiiHoe CKaHMpPOBaHWe
VIIAKOBKH TI0 BBICOTE, BCTPOEHHOE JOTIOJHUTENTHRHOE 060pY-
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tion should preferably be based on fast non-destructive
methods. This helps minimise problems that occur as a con-
sequence of the need to store temporarily large amounts of
waste in stand-by mode waiting for a decision to be made.
Such nondestructive methods include:

— passive y-spectrometry — for evaluation of y-emitting
radionuclides content in the waste, including a-emitters
and transuranics, which can be identified through their de-
cay products;

— X-ray examination, which helps identify the physical
contents of waste packages.

These methods are especially effective for examination
of non-monolithic waste.

Another advantage offered by y-spectrometry is that
modern characterization systems can model the shape of
object, distribution of radioactivity and absorbing materi-
als, using a set of standardised gauges.

The current overall status of radwaste characterization
using nondestructive examination methods, however, is far
worse than even that of laboratory research. The problems
are the same, but experience is lacking across the board.
Neither the Rosatom Corporation, nor Rosenergoatom, nor
RosRAO have any programmes to advance their characteri-
zation activities.

PRACTICES AT SUE SIA RADON MOSCOW

On Radon Moscow, characterization of radwaste is per-
formed by a dedicated specialised division, whose responsi-
bilities include:

— radwaste characterization (performance of account-
ing and confirmatory measurements);

— radwaste certification (provision of accompanying
documents for radwaste accounting units at all stages of
management);

— operative accounting of radioactive substances and
radwaste and issue of reports;

— maintaining an archive of accompanying, accounting
and reporting documentation.

The fact that the company’s radwaste management
system features such solid waste processing operations as
compaction and incineration dictates that X-ray exami-
nation methods be applied to detect any objects that are
not allowed to enter those processing stages. Also taken
into account are the package fill factor (actual volume of
radwaste) and approximate density of the material in the
package.

When choosing the type of instrumentation used for
nondestructive X-ray examination, attention should be
paid to factors such as availability of a Russian-issued
sanitary-hygienic conclusion report, lifting capacity of belt
transporters, resistance to ambient impacts (low or high
temperature, dustiness, humidity).

Accounting measurements are taken using state-of-the-
art instrumentation — stationary and mobile y-radiation
spectrometers such as ISOCS (USA), Sadovnik (Russia),
ENVINET (Czech Republic).

The first two spectrometers are well-known to our
specialists. Several of them have been sold in Russia. The
ENVINET spectrometers our potential users were not fa-
miliar with. That Czech vendor won the 2007 contract for
supply of radwaste characterization equipment for SUE
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JoBaHMe (TepecTpanBaeMbIil KOJITMMATOD, BECHI, MIaTdop-
MBI BpAIlleHNs, YIydIleHHass ThIOBast W OOKOBast 3all[iTa
JICTEKTOPOB) W OPUTHUHAIBHBIE TTPOTPAMMHBIE HA/ICTPONKIL
Bce aTo moBBITIaeT Kak KayecTBO W3MEPEHHH, Tak W TTOTpe-
6utennckue cBotictBa. OIEHKY HEOTHOPOIHOCTH pactpesie-
JIEHNST aKTUBHOCTH MOKHO TIPOCMOTPETD Ha dKpaHe MOHUTO-
pa (puc. 4).

Cuexrpomerpsl ENVINET 6buin clipoeKTUpOBaHbl, 13-
TOTOBJIEHBI, UCTIBITAHBI U CMOHTUPOBAHBI YEMICKUMU CIIEITH-
anmcraMy Ha npousBozicTBeHHON 1ontaake I'YII MocHITIO
«Panon» B Mae 2009 roga. O1ibITHAS 9KCITyaTalls B TeUeHUe
rozia mpoxo/uIa 6e3 3aMevyaHuii; BOSHUKAOIIHE BOIPOCHI OTie-
PATUBHO PEIIAIMCh IO «ropstyeii uHun». Tpu yuactka, 060-
PYZIOBaHHBIE YEHICKUMHU CIieKTpoMeTpamu (puc. 1-3) no3souis-
0T TP OJIHOCMEHHOI paboTe 06eCenTh XapaKTepH3aIinio /0
1500 m* PAO B 101,

[l TOBBIIIEHUS KadecTBa U3MEPEeHUll paboTHHMKA-
mMu «Pasona» M3TOTOBIEHBI HECKOIBKO 0OBEMHBIX Mep aK-
TuBHOCTY B Bujzie 200-1UTPOBBIX HOYEK ¢ PA3IUYHON IJIOT-
HOCTBIO HANOMHUTENA. PacmpeseseHue IJIOTHOCTH U aK-
TUBHOCTU — paBHOMepHoe. [l mcciaeoBannii HepaBHO-
MEPHOTO pacipe/iesients noTHocTu 1 akTuBHOCTH PAO ¢
MIOMOIIBIO cllennancToB PagmneBoro nncruryta um. B.I
XJronuHa n3rotosJieH uMuTaTop B Buje 200-1uTpoBoii 604-
KU ¥ Habop 13 25 IBYXHYKJIU/IHBIX HCTOYHUKOB 001IEH aK-
tuBHOCTBIO 10 MBK. Ero KoHCTpYKIIUS TO3BOJISET MPOU3-
BOJIBHO M3MEHSTH PACIOJIOKEHNE aKTUBHOCTH U Pa3JIny-
HBIX HATOJHUTENEH B GOUKe.

PEKOMEHJALWN N0 NOCTPOEHWIO CUCTEM

XAPAKTEPU3ALINK PAO

[TpaxTrka 1oKasbIBaeT, 4To JJ1st IPOBE/IEHUS XapaKTepu3a-
I[IMU B KPYTJIOTOAMYHOM PEKUME HEOOXOMMO HAJINYKE CTIel[H-
AJIU3UPOBAHHOTO 3aHus! (TIOMEIEHNs ), B TIPOTUBHOM CJIyJae
BO3HUKAET HEOOXOMMOCTD B GOJIBIIIOM KOJIYECTBE IPOMEKY -
TOYHBIX PA3rPy304YHO-TIOIPY30UYHBIX OIEPAIUil TI0 OCTABKE
ymakoBok PAO k MecTy nsMepeHHii 1 BO3BPATy UX Ha YIACTKU
nepepaboOTKI UITH TEXHOIOTHYECKOTO XPAHEHHSL.

O deKTUBHOCTh KOHTPOJISE W JIOCTOBEPHOCTH Pe3yJIbTa-
TOB MI3MEPEHUI BO3pacTaeT MpU MPOBECHUN XapaKTepr3a-
1mu Beex niepBUYHBIX (hopM PAO (0TXOI0B, TOCTaB/ISIEMBIX Ha
npeanpusTie U 00pasyouxcst B polecce MPOU3BO/ICTBa). B
9TOM caydae He TpeOyeTcst B IIOJTHOM 0OheMe MTPOBOANTD Xa-
PAKTEPUBAIHIO ITPOMEKYTOUHBIX, IOTyYeHHbIX MOCIE Mepepa-
6otk 1 okonyareabHbix opm PAO. J[ocTatouHo HOoATBEepK-
JIAIONINX M3MEPEHUIl HEKOTOPhIX XaPAaKTEPUCTHUK OTXOJIOB,
OCTaJIbHBIE TTAPAMETPBI HETPY/IHO MOJIYYNTh PACYETHBIM CIIO-
co6om. OIHAKO IPUMEHEHUE TAKOTO MOAX0/a TpeOyeT opratu-
3aIIUH CUCTEMbI MAPDKUPOBKU.

Jlnst peanmsanm TpeboBaHui (heepasbHbIX HOPM M TIpa-
BUJ K JIOCTOBEPHOCTU ¥ OINEPATUBHOCTH TEpPelaull CBejle-
Huit 06 oneparmsix ¢ PB i PAO B CricteMy rocyiapcTBeHHO-
ro yuera u koHTposisi PB u PAO Heobxommma ocobast OTBeT-
CTBEHHOCTD U JUCIUTIIINHA PAOOTHUKOB BCEX MOPA3/IEIEHNI],
Ha KOTOPBIX BO3JIOKEHBI OOSI3AHHOCTH TI0 YUETY U KOHTPOJTIO.
CraTyc OTBETCTBEHHOTO 32 yYeT U KOHTPOJb B OPTaHU3AINN
JIOJZKEH TI03BOJIATh CAMOCTOSATEIbHOE CO3/[AHNe YCITOBUN /7T
HEYKOCHUTETHHOTO MCTIOTHEHNST TPeOOBAHHIT yueTa U KOHTPO-
JIsT, BIIJIOTD /IO TIPUOCTAHOBKHU PabOT 1 OTCTPAHEHMST OT PabOTHI
BUHOBHMKA HapyTeHui. [IprnmMepoM MoskeT cory»KUTb TToJIoxe-
HUE CUCTEMbI KauecTBa KoHiepHa «Pocaneproatoms: obsi3at-
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SIA Radon Moscow under a European Commission and
TACIS-sponsored project.

The metrological core of the Czech spectrometer is the
digital multichannel spectrometer DigiDART (trademark
owned by ORTEC, USA). It includes a semi-conductor de-
tector, multichannel analyser and IsoPlusB32 software.

The main difference of the Czech spectrometers from
the better-known ISOCART instrumentation is that they
perform layer-by-layer height scanning of the package, and
feature built-in additional equipment (tunable collimator,
scales, turntables, improved back and side protection of
detectors) and original add-on software. All that enhances
both the quality of measurement and user-friendliness of
the device. An assessment of non-uniformity of activity
distribution is available to be viewed on a display screen
(fig. 4).

ENVINET spectrometers were designed, built, tested
and assembled by Czech specialists on the SUE STA Radon
Moscow site in May 2009. Trial operation over one year
did not raise any concerns; any questions were promptly
answered using the ‘hot line’. Three areas fitted with the
spectrometers of Czech manufacture (fig. 1-3) provide for
characterization of up to 1,500 m® radwaste a year if used in
single-shift mode.

In order to further enhance the quality of measure-
ments, specialists of Radon made several volumetric ac-
tivity gauges in the form of 200-litre drums with various
filler densities. Density and activity within a single drum
are uniformly distributed. In order to study nonuniform
distributions of density and activity in radwaste, special-
ists of the Khlopin Institute of Radium assisted us with
the making of a 200-litre simulator drum and a set of 25
two-nuclide radiation sources with total activity 10 MBq.
The simulator is designed so as to allow for unrestricted
re-positioning of the activity sources and various fillers
inside the drum.

Puc. 3. CraumoHapHbinn y-cnektpometp ENV.GMS-08.01s (nepectpansa-
eMbli1 KONMMaTop, CMCTeMa deKTpooxaxaeHus (X-cooler), koHseliep
e€MKOCTbo 21 ynakoBKa, BCTPOEHHble Becbl, Nnatdpopma BpaLieHus)

Fig. 3. Stationary y-spectrometer ENV.GMS-08.01s (tuneable collimator,
electrical cooling system (X-cooler), 21-package capacity conveyor, built-in
scales, turntable)
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OBPALLEHUE CPAO

CnexkTp | OT4eThl I MpoTokons! I O nporpamme I KOMMYHHKAUHOHHEIA MHTEepdEHC ]
CocTosHue ofopyAoBaHHA

Habop cnekTpa

Bouka

| | Homep usmepaemoi Boukn  MHAMKATOP BPEMEHN H3MEDEHHA
EE——e———

| OTMeHa |

ObopoTel: -

Tn ynakoskk

Mo3. aeTekTopa: .

Bec [kr] MnotHocTe [krin] Matepnan

MocneaHan usMepeHHan 6oqka

Homep Bouku PesynbTtat FopA4an Touka

?

Onunm aanksa | Kowtpons MK Pacnpeaenenne CPS ] Tafinvua CPS |

HusiHHIA ypoBeHE

CpeAHWi ypoBeHE

BepxHui ypoBeHs

CpeaHss ckopocTe  4391.1 CpeaHan ckopocTe 4546.1 CpeaHAnA ckopocTe 3971.8

Puc. 4. SkpaHHaa dopma, fatoLas NpeacTaBieHre 0 HeOJHOPOAHOCTM
pacnpepeneHuns akTMBHOCTU B CCIIEAYEMbIX CJTOAX YNAKOBKM

Fig. 4. Screen form displaying irregularities of activity distribution in the
surveyed package

HoctH 1o yuety u koutpomo AM u PAO na A9C ocytecTsiis-
0T 3aMeCTHTENh TJIABHOTO MHKEHEPA TI0 He30TacHOCTH 1 OT-
e o GezomacHocT [2].

JLJ1sT KaueCTBEHHOTO MTPOM3BOJICTBA M3MEPEHMI 00s13aTeh-
HO Hammane oObeMHBIX MEP akTMBHOCTH. HezameHnmyIo 1o-
MOII[b B pabOTe MOTYT OKa3aTh KATAJIOTH PaJIHOHYKJIMIHBIX UC-
TOYHUKOB 1 PUOOPOB OTEYECTBEHHOTO 1 3apyOesKHOTO MPOK3-
Bozctsa. Qbs3aTesIbHO Hamune nmporpammMbl yuera PAO, o6e-
crieunBaroleil BBOJL M OllepaTUBHOE MOJIydeHne CBeIeHni 00
OTXOJIaX Ha BCEX CTA/MSIX OOpaIeHUsI.

C y4eToM M3JI0KEeHHOTO MaTepuasia MOKHO KOHCTaTHPO-
BaTb CJIEyIOIIee:

— GOJIBIITMHCTBO TIPENPHSITHN HE CMOKET TIPOBOUTH Xa-
pakrepu3aruio PAO caMoCTOSATEIBHO MO TIPIYITHE OTCYTCTBUS
060pPYIOBaHMST U TIOJTOTOBJIEHHBIX PaGOTHUKOB WJIM TTOTOMY,
41O mprobpeTeHte 060PYAOBaHYsI, 0OYUEHE U COlepKaHIe
PabOTHUKOB OyeT (PMHAHCOBO 0OPEMEHHTENILHO;

— HeoOXOIMMa OPTaHM3AITHsT PHIHKA YCIYT B 061aCTH Xa-
pakrepusarmn PAO 1 BossoskeHme 06sI3aHHOCTET 0 €70 0p-
TAHU3AIIN 1 YIIPABIEHUIO Ha GYIYTIET0 HAITMOHAIBHOTO OTie-
paropa;

— B HOPMbI U TIPABUJIA CJIEAYET BHECTU U3MEHEHUsT, yCTa-
HABJIMBAIOIINE TIPE/IEJIbl 3HAUMMBIX PACXOK/IEHUI Pe3yJibra-
TOB MOATBEPXKAAIONTNX U3Mepenuii mpu nepegade PAO u cnu-
JKarole TpebOBAHMS K YUETHBIM U3MEPEHNSIM B OpPraHu3aIy-
SIX, KOTOPbIe HAKAIJIMBAIOT U BpeMeHHO XpausaT PAO i rie-
pejiauu uX B CHIEIIUATN3NPOBAHHbBIE OPTAaHU3AIUH.
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RECOMMENDATIONS FOR ORGANISATION OF RADWASTE

CHARACTERIZATION SYSTEMS

As evidenced by practical experience, in order to or-
ganise year-round characterization capability, a dedicated
building (room) is required, as otherwise numerous interim
loading-unloading and handling operations would have to
be performed to deliver the radwaste packages to the meas-
urement location and return them to their processing or
storage areas.

Effectiveness of examination and reliability of measure-
ment results increases if characterization is performed on
all primary radwaste forms (waste as delivered to site or as
generated during production). If that is the case, there will
be no need to carry out full characterization of all interim,
post-processing and final forms of radwaste. It would be
sufficient to just perform a few confirmatory measurements
of some of the waste characteristics, with the remaining pa-
rameters easily derived by calculations. However, for this
approach to be implemented, a proper tagging/marking sys-
tem needs to be set up.

In order to comply with the requirements of federal
regulations concerning reliability and promptness of sub-
mission of information about any operations involving ra-
dioactive substances or radwaste to the State Accounting
System for Radioactive Substances and Radwaste, strong
discipline and responsibility is required of employees
in all divisions that perform the accounting function.
Responsibility for fulfilling an accounting-related func-
tion should come with sufficient authority to ensure
strict observance of accounting requirements, all the way
to and including the right to suspend activities and dis-
miss any individual who fails to observe the requirements.
An example of that is the quality assurance system in
Rosenergoatom: the obligation to fulfil the nuclear mate-
rials and radwaste accounting function on a nuclear power
station lies with deputy chief engineer for safety and with
the security department [2].

So that the quality of measurements can be assured,
volumetric activity gauges are essential. Irreplaceable
assistance can also be provided by catalogues of radio-
nuclide sources and instruments of domestic and foreign
manufacture. Radwaste accounting software is most
definitely required, which can provide entry and prompt
retrieval of information about the waste in all stages of
management.

In view of the above, the following can be concluded:

— most sites are currently not in a position to independ-
ently perform characterization of their radwaste as they
lack the equipment and trained personnel or as procure-
ment of such equipment, hiring and training such personnel
would be financially burdensome;

— action is needed to create a market for radwaste char-
acterization services and impose appropriate obligations on
its organization and management upon the future national
operator;

— regulations should be amended to establish limits
of significant difference from the results of confirmatory
measurements at the time of radwaste transfer and to re-
duce requirements for accounting measurements in those
organisations that accumulate and temporarily store rad-
waste before transferring it to specialised organisations.
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