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ChOPEH TEILTOBLIIETAKMITHE ATEPHLIX
DHEPIETHYECKHX PEAKTOPOB THIIA BEDP

MeToakl KONTPOIA FEPMETHINOCTH OlOI0SeK roCT
TEMA0BLRLTETANEHY JIEMEHTOR 2850690

Fuel assemblies in nuclear power WWER reactors,
Fuel fatlure detection methods

MEC 27.120.10
ORCTY 690l

Mara seeaenna 01.07.91

HacToamni crasiapT pacnpocTRaHASTCE Ha Tennoskiiendoumqe chopki { TBC) anepinix JHepreTH-
YECKHX BOO0-BOOAHLY KOMIVCHLIX peakTopos THAA BEDP n ycraHaniHBaeT MeTolll KOHTPOAA FepreTit-
HOCTH  0f0IoYEK  TEMAOBHISTAIIHY  JEMEHTOR TEMAOBLIIERAIOILHY cHOpoK, OTPAGOTABLINY WM
MOLEHALIHY TansHefimell SKCINyaTANNN, HA OCTAHORIEHHOM PEAKTOPE TPH CTEMIOGLIY HCTIRITANITEY,

l. OBIUHE ITOJIOKEHNWA

[ 1. Metoasl kouTpoos repueTHYiocTh odomodek (K0} TemonbiaensionHy aieMeHToR (THEUIOR)
Terosbtaengnmey coopor { TBC) ocHomams Ha KOCBEEHHOM HAMEPEHHH YTeYKH H3 HerepMeTHYHBIX TRA0RE
penepHEX PaIHOMVEIHIoE Hoga-13]1 anp ueana-134 (pe3na-137), ApAA0MIMXCH MPOIVETAME JQe2HH
VpaHa-235, nyTeM HIMEePeHHA YICTEHOH PATHOAKTHEHOCTH NMPOOE BOIL W CTEHE B OPOUECCE MCNHMTAHKA
TBC 6 cneunaneoM credge KO npi ocTaHoRTEHHOM DeaKTORE.

Tepwuinl, HCMOLEIVEMEE B CTAHOANTE, 1 HY NMOACHEHWA NPHREASHE & NpHiodenug 1.

1.2, HHHUMHpOBIHHE GHXOO: PAlHORVETADOoR Hoga-131, wesna-134 (uesda-137) 6 ooy cremis
OCVIIECTRTHAETCA HIMEHEHHeM JANTEHHA UHPKYIHPYIOIEH N0 KONTYPY CTEHI2 BOAL B IPOLEecce BLLASPREH
TBC 210l BOOE — HACTAHBAHKM,

L3, Bubop penepHily paIidHoHyEAHI0E ODVCADRICH HX #AepHO-(PHIHYEC KHMH XapakTepHCTHEL-
MH, MPHESIEMHLEIMH B NIPHICKEHHA 2, N0IE0AANIUHMHE BHABHTE TBC ¢ HerepMeTHYHLIMHK TEWIAMA: B
TeueHHe 28 CVT © MOMEHTA OCTAHOGKH PEAKTORa — MpH Henoabiosaddd serosa KO no foay-131;
gepes 28 CvT H NOSKE © MOMEHTA OCTAHORKH PeakTopa — [pH MCnonbiosaud Metotaa KD mo weano-134
(uesHe=137).

1.4, Paguonyvkamae veawd-1 34 (uesms- 137) caMOcTOATENLHD HCIOILIVIOTCH U8 odHapysenus THBC
C HErepMeTHIHEIMH THIAMH 42pe3 28 CVT C MOMENTE OCTAHORKH PeaKTopd TONLKS JUTH KOHTPOIE OTpaho-
Tapix TBC,

I3, Oduapyxenne oTpadorapuxy  THC, comepsalnnyx HergpMeTHUHBEE THEMILL, 00 Uetao- 134
(eI0- | 37} oCyIecTAAASTCA B TeMe e OIHOMG rola MoCie OEOMYAHHA X SKCIIVATAIHH.

2. TPEBOBAHHA K CPEACTBAM KOHTROJIA

2.1 KOHTPORE FEpMETHUHOCTH ODOI0ISE TEMIOE J0/CKEH NPOBOINTECH HA cleuranLioM crenne Ko
C THCTAHUHOHHEIM YNIPARTeHHe M, NEHATL KOTOPOrS PERcTonokensl i facceite BLIOSpKH.

2.2, Crenn KIO, cTPpYKTYPHAA CXEMd KOTOPOMO MpHBeZera Ha vepr. |, COCTOAINMA M3 nedHana |
APMATYPHOTO DNOKA, COMEPEHT CASIY IOIHE e MeHTR!

HHPEVIATHOHHLIR HACoC;

Hizueue oduunaasaoe [epeneuatea socnpemens

i) HanateawcTeo cTasaapTor, 1990
i Crammapriichopa, 2006
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Yepr. |

CHCTEMY YVIAICHHE, OCHAMSHHYID NPHDOPAMH 108 HIMEPEHHS TeMNepaTyPLl ¥ AaRIeHHd GOkl B
CTeHnE;

KOMMEHCATOR TABTeHHA 108 HENWTanuid TBC npy painHuHLy JanIeHHay B CTEHAE,

KOHTVE UHPEVIALNH BOJL IO CTENDY 4708 NposMbiekl TBC W HacTauBaiin.

2.3, Crena KI'O nomsen yIor1e TEOPATL CREIYIOIIHM TEXHRYSCKHM TPeOOmHITHM.

231 Obbes Boasl B cTedme JoHeH BLITL

s BEAP-440 - o7 100 go 200 n;

st BESP- 1000 — pe Gopee 4000 1.

2.3.2. Creng KO ponsen ofecnesupaTh HIMEHSHHE HADLITOYHOMD JABTEHHA BOILL B LA YT IH -
OHHOM KOUTYVPE & mHTepiate of 5104 go 5107 [1a.

2.3.3. Hacoc nomsed obecreMMBaTE: TAKOH pacxol BoOkl & KOHTYRES CTEHIA, YTo0L BRenMsl TIPOXo-
ABHHS B TSIUTOHOCHTEE PEnepHoi TOMKH OT HAYATa 00 KOHUA KOHTYPE HE NPERLIMATG 5 MHH,

234 Ipompleka KOHTYPR mHpeyvasmnd © THC fonkea npoBoidTLCa 6 4BV HanpasieHMax.

24, B erenne KI'O nomsHsl OBITE NPEIVEMOTPEHL !

MoAa4a B EOMIEHCATOD AARTEHHA CRATOM BOINYRL, OUHIEHHOTD OT THLUTH W MACHA, HIH A530Ta 1py
HAGRITOMHOM gannenii oo 5-10° Ta;

NOAE B CTeH]] TeXxHHYeckoil BoILL WM YHCTOre KOHAEHCATE CO CASIVIOMIHMM XapaKTePHCTHEAMM:
PATHOAKTHEHOCTL — He Bonee 37 Bi/n; konuedTpauns Gopuoll kuciores — [2—16 rfow’®;

Nofada PAcTROPOD 1A 25K THBALWH ODopyToBAHWH, APMATYVPLE M TPYOOTNPOBOIDE CTEHIL.

23, [Npubops, npegpasnadedHee DA KOHTPOIA JaaieHAs 0 TeEMIEPATYREl B MeHATe CTeHIa, Jo-
HEl HM2TE KIACCE TOMHOCTH He HiEe |0 | 0,5 cooTeercTReHHD.

26, Maseperne yoensHoH aKTHEHOCTH PAIMHOHYVEAHLIOR B npoGax nodsl B3 crenta k0 ocyimect-
BARETCH WA CTEETPOMETRHYECKOH VCTAHOBKE, COCTOALLEH M3 JeTeKTopa IaMMa-HIAYMeHHA, HMEKILETD
paspeitense He Goaee $,0107° nflx mo ramma-muns 0,21 % kobankma-60 ¥ MHOTOKAHATLHOTD AMIT=
JHTVIHOMD AHATHIATORA ¢ YHCHOM KaHAmon He sedee 1000, ¢ mocaeayviomed obpaboTEOR noayueHibIX
peayaLTaTon Ha FBM W BLEOOoM PesVILTATOR Ha UHdponeYaTamuee VeTpodcTEe, ATropuTs obpaboTEl
NPUBEEEEH B pasl. 5.

2.7, HNorpemwiocTs HiMepeHHd VIEILHOH AKTHEMOCTH C NOMOLILIY COSKTROMETPHYECKOH YCTANOBKH
He JOUEHA Npendmare [5 % npn nopepurelbiol pepoatHocT P = 0,99,

¥ Konugnrpeums GopHOE EHCIOTE B YKOSRHEEN COMHHELE HIMEPEH TP HOPMANbREIE yeaosuas: 25°C »n
0.1 MM,
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3 TPEBOBAHHA K INOANOTOBRE KOHTHOUIA

AL s nposepry Ha TepMeTHYHOCTE TEBC HeoSXoaHMO NoMeCTHTE B teHan cTenna KO W nposectH
nposupey TBC.

3.2 Tlepesewenye TBC 8 menan crenga KINOD npodseoadTea B G008 & COOTRETCTEHH ¢ TEXHHUSCKHMHK
VEMOBHAMH HA kacceTy TBC peakTopa BIaHMOTO THITA.

A3 [posuska TBC gomsHa NpoBoaMTECE CHAYATL NPH OTKPLITOH, DOTOM MPH 3aKPETON KPLILIKE
e M.

350 Tlpn omkpemod kpeiuke newata TBC chenyeT NMpoMBIEITE BCTRPEUHBIM [IOTOKOM BOOL B
TEUEHHE BPEMEHH OIVCKAHNH B MeHL.

3320 Tpn sakpumoid kpeimxke nenana TBC caeayveT NnpoMBIBATE B IBYX HAMNPARTSHHAX, HE MeHes
3 MHH B KAKIOM HAMPanIeH .

KoapuecTno Bofbl, HeGDXoAWMoeS N8 NMPOMBILKH § Kas10M HanpamienHH, JoKHD COCTARTATE He
MEHee IRV DLeMOn CTeHIn.

333 Kavecteo nposMbibed THC xapakTepravercd HaveHHes YISMLHON aKTHEHOCTH [RUTHOHYEIH-
Q0B Mapradia=34, oHoro Wi NPOIVKTOR KOPPoIMe B Bong credia KO,

4. TPEBOBAHHWA K IIPFOBEIEHMI) KOHTPOIA

4.1, HMcnwranwe TBC noisHo npoBoadTLCH MPFE UHPEVTIALHA BOOBL N0 KOHTYPY CTeH1a {33 3aMe Ul
BOALI) W COCTOATL W IBYX MOCASI0BATENLHLIY UMEIOR HACTAMBAH M

MEPBLE LHKT — HACTAHBAHME MOPH HAGLITOUHOM JARNCHHH B KOHTYpe credas (403 0p10 MMa s
TEYSHHE 5 MM,

BTOPOH KD — HacTaualue npy adLTouios tasnenyn 10100 Ma o Teyenne Bpeseni, KpaTHoro
MEPHOOY UMPEYIAIHE GO0k B KOHTYPE CTEHIA, HO He MeHes 4 MITH.

4.2, [Mepuod OUPKYIALRH LTH KAXI0T0 UHKAA ONpeleiaeTcs JKCIepHMEHTAILHD HA Ka¥I0M KOH-
KPReTHOM CTEHIE.

4.3 [lpoby w3 crenga KIOD coeaver oTOHPETE B TEYEHHE BCErD BTOPOID LUHEMD HETNpepRiBHO,
papHoMepHOl cTpyeli

IMepen ordoponM NPOGLE HEOOXOAMMO NPOHIBSCTH IPESHAN BCEH BOIL, HANOIALLENHCA B npodooTiop-
HOTE IHHHE.

4.4, [lpy venidranny Secdexidopux TBC (peaktopor THa BB3P- 10} HacTamBasve pH TAETEeHHH
L0-10F Tla creaver NpoBoaHT, B Tederie 20 sMun 10 MoaHoTo nepeMeliisania oo B crenae KIO.

COrdop npo0e CASOVET NPOROIHTL TOCTE APSIRAPHTENLHOMO IPEHAKE B KOHLE PEXAMA HACTLHBAHHS
& Tederue [—1lc.

4.5. Pacnonoxenne TOMKH oToopa npodel Ha cTenie KD onpegeideTea KOHCTRYKIHE | apMaTypHOTD
Gnoka.

4.6. B npobe poasl, sasTol 1w crenaa KIO, Ha COeKTPpOMETPHUYECKOH YCTAHORBKS OMPeaeiasTCa.

JHAYEHHE VAENBHOH AKTHEHOCTH PEMEPHBIX PATHOHYEIHIOn Hona=-131, uesmda-134 {uesna-137);

AHAUMEHHE VIENBHOH AKTHBHOCTH PATHOHYEIWION MApraHia- 34,

4.7 Ilpoba ROkl K3 CTEHOA, BIATAA BO BPeMS HACTAMBAHMAA, JO/LEHE XApakTeprIonaTh PaaHoasTHE-
HOCTL BOAEL B CTEHIE 00 MIMEPAeMEIM PATHONYELIAM C MOTPeIHOCTEI0 He Gonee 10 %, npi norpeluiocTy
oTdopa npobe He Gonee 3 %,

4.8, Hecnegopanme otpaborapmux TBC o obpadoTxa peavieTaTol MIMEpeHHA no uedwo-[34
(Leanio-[37) NPUBOIATCH Tak #e, Kak M no Aogy-131.

5. TPEBOBAHMA K OBPABOTKE PE3V/IBTATOR U3MEPEHMIA

A1 dng sagpnesna TBC, cogjepaalMx THXTE © HETERPMETHYHLIME OOOIOYMKAMHA, NPOROIHTCA dHA-
N3 CTATMCTHYECKOID PACTIpedere HHA NoiydeHisx npy nposepke TBC namiwy no aKTHEHOCTH OOHOIO
HE PENEpHEIX PAIHOHYETHION: Hona-131 wnd pesHa-134 (weana-137) ¥ NpOAYETOR KOPPOIHH (Mapra -
54) B Boge crenaa KIMO.

5.2, Mna koo TBC, pccnenyesodt na crenpe KO, onpeagnawo:

a;, by/1 — Ipaserne vISNLHOH aKTHEHOCTH PATHOHVETHIoE Hoza-131 mox uesda-134 (ueaus-137)
B mpoie Ha MOMEHT OCTAHORKH PeakTopd;

.

a, br/n - aHaksenne YIEILHOoH AKTHBHOCTH PRIMOHYIIHIOE Mapraiia-34 B npofe Ha MOoMedT
OCTAHOBKH PEaKTONA,
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33 Ond nomvaeHHol COBOKYNHOCTH JAHHEY DRYHCIHOT CPENHHe apidMeTHHeCKHe IHAMEHNA
VARABHOH AKTHEHOCTH PAAoMyTHIoE Homa- 131 win oesna-134 {ueana-137), (@) » Mapranua-34 (a4 ") no
thopayas (1), (2) B AX CpeIHHe KBaQpaTHYeCkHe OTEIoRea (o, o'} no gopsymas (3, (4

- |_ f .
a==— EI a5 in
=, ] o o
i _FE ! (2)

(3)

{4)
Cae # — 4Yucno npopepaesosix TBC.

Mpsawmeyanne Cymmuposanme nposoantes no scem TBC, nps stom o — weno TRC, se meses 20,

34, QouoppeMedHO CTPOHMTCA THCTOTPpaMMa pacnpetenesud yucia THC no akTMBHOCTA penepHoro
PRAIHOHYEIMAA B COOTRETCTEHH C TpeDopasMamMu qepT. 2,

MHcrorpasaa CTATHCTHYECKOTO Oudubepe HOHATBEHOMD PACTIPEASACHEN YICALUOH AKTHEHOCTH Npo-
aykron gererud (Hoga-131, ueans-134, meana-137) o npobax w3 crenaa KIO.

P
-

Hoauweerm8p npodin)

1.

Yieaswan axmuluocme (a), Bxlne

Yepr. 2
341, TBC, 1 KoTOPLIN BLINOIHASTCH VCIORHE:
a<a+ia, (5)

CAEAYET CUMTATE TEPMETHUHLIMH.
342, TBC, 1na KOTOPEX BRTIOTHAKTCA YoIORHA!

a >a+3a;; (6)
af<a’+3a,, (7)

COSAVET CUMTATE CORSPHALIMMN TEWIE ¢ HerepMeTHUHBMA OG0IOUKAMH.
3.5. Ecam s pesynetate nposeped seapieda TBC, conepaaiimg TR ¢ HerepMeTHIHBIMH 050 -
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KAMMH, TO NPOGROIAT OOBTOPHEH pacyer sHAMeHHE @ W oy, H nponepy no opayiasm (31, (6), (7} — aas
TBC, vIOmIeTEORAIOIEAY VEAGRHID {5) N0 pedyviLTATAM TPelblIyilel mpoRepri.

A6, [TopropHeie pacueThl ¢ UeABI0 BEABNeHAA THC, comepsammy TEWIL ¢ HEMePMeTHHUHEIMK 00 -
NOMKAMH, TIPpOBOIAT 00 Tex nop, noks sce TBC, nocneioeatTebH0o BRINO4ASMBIE L NOBTOPHLIN pacuer,
DYIyT YAOWIETROPATE YCIORHIO (3],

5.7, TBC, vIoRTeTROOIWINE YCAOBHK (6} H, OIHOBPEMEHHO, HE VIOBAETROPANIIHE VCIOBMID (T)
MOAGEPTaETe MOBTORHOMY HCTETAHME Ha cTenge: KIC,

3.8, TBC, woropele NpoRepaidck Ha CTEHIE Cpasy 3 HerepMeTHqHbME TBC ® Ana KoToprix
BREAMOMHASTCA YCA0EHE (6], NOLIeXaT NOBTOPHOMY HCTIRMTAHMK Ha crenme K10,

3.9, 'pynna TBC, npopepeHybx noapai (doua K gepr. 3), 1omaHa OLITE TOIESPrHyTa NORTOPHOMY
HCNLITAHHE B CAeAVIOUIEY CAVYaax: eCid IHauedus no Wony=131 (ueanwo- 134, uesnno=137) vaeibHEx
AKTHEHOCTEHR MpWTne nposepeHan noapay TBC npenbiiaioT IHANEHHA & & I8 W Goled pal, HIH ecid

MPeRLILAKT 3HAUSHHE a+ 307, BLIYMCNEZHHOE 018 BeeX ocTannHuiy THC.

Yaenhuan aKTHERGCTE BPOAYETOR Jencnna (Boaa-131, aeawn- 134, weann-137)

P

Jowa K

Yienswan axmufnocmea), bxlve

Hasteg npode 18 RopRixy n)

Yepr. 3

Al Ecnu obuapvaenne verepsetudrsyx THO no fogy-131 arpvaueno, T0 eCcTh O0HORPEMEHHO
BRITOMHAKTCA YCIOBHA

=a+do, H a'=a'+3a,,

TO DONOAHHTENLHO HCTOIBAYVIOTCH TAHHLIE WCCASTOBAHUA M0 YISMLMOH AKTHRHOCTH PaIMOHYEITHTOE
uedtd- 134 (ueans-137).

6. TPEBOBAHHA BEIOIIACHOCTH

o [py npopeaena Hecnenopanmil. TBC npo mosMold JAHHLY METOROR HeolXoAHMO COlIIaTh
TPeDOGAHNA Cneqyiole i soryMenTany: HPb-76 « HopMul pagiaunonioil GesonacHoctis, CT1-72 «Oc-
HOTHEE CAHWUTAPHEE MPABHIa paboTel ¢ PATHOAKTHEHMH BelUeCTREAMA W IPYTHME HCTOMHHEKAMH HOHH-
SHPYVIOIHY Haavue M=, T1BH-4 «llpassna anepioil De30RACHOCTH ATOMMLIY JTEKTPOCTAHLIA{.

6.2, B kaxnod ws csed npopegenmes KDO pomges SHMMATBECT NEPCOHAT CTEHOR, Npowenmyi
MPENRAPHTENLHOE GOVHEHHE W CHABIIMI 3K3aMel 1A NPAapo PAaboTRE Ha CTEHIE.
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APHAOALHKE 1
Cnpaasusios
TIEPHII:HIT.. HCIMUTBIYEHEBIC B CTARTARTE, H HX NOACHCAREA
Tepsun MumcHe Hie
Tazn Mo MOCT 23082
lltrﬂmll“lﬂhﬁ TEAN Tean, e oboaouke KEXTOPOre: HMCCTCHE CEHOEHOC NOBPCAICH HE
Fl."lll:'lﬂ:lﬁ PELAHOH YR F'HJ[I[(!EI}'H_'.IHJJ., HEI]U.:IEJ}'L'MI:II"I H Ka“ecTas [!l_.'li'.lilJI]lIIIH-EIIl'II]., N BRNOIEY EOTOopana
WY TR CYAHT O POPMCT N HOCTH ofOIOMKR TBANE, TaE Kak oH oflanact HECH-
I:IJH:!-I-I'-.II:L'ILI.EMI! HAPAKTCPHCTHEAMN, TIO3IBNESEMIHME HAESEHD S0 PCrHCTRHPOEI T
B YOIAOHHEX SECNCPDHMCHTE

MTPHAOKENHE 2
Cnpaamios
H e pro-(hHENECKHE XAPAKTEPHCTHER HYK T T08
Hschbchies Mepran FHEpries ramM - KEaHTon £, Heatistt hickalh. <5
N NOIYPALNala kxB
Hoa-131 8,02 cyr 164,449 70,0
Lleain-134 2062 raaa o7 980
7954 580
Ll wit-137 LT roan fb ], 63 548
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