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Fuel assemblies in nuclear power WWER reactors.
Fuel failure detection methods

MKC 27.120.10
OKCTY 6960

Mara seenenms 01.07.91

Hacrosmmit cranpapt pacpocTpaHsiercs: Ha TeruioBbiaensiomue coopku (TBC) sinepHbIX SHEPTeTH-
YECKUX BOAO-BOISHBIX KOPITYCHBIX PeakTopoB Tuna BBOP 1 ycTaHaBAMBAET METOABI KOHTPOJIA TEPMETHY -
HOCTM OO0OJIOUEK TEIUVIOBBIIS/SIIOIMX SJIEMEHTOB TEIUIOBBIICISIONIHX COOpPOK, OTPabOTABIIMX WIH
TOJIeXAMX JaTbHe el SKCIUTyaTaliii, Ha OCTAHOBJICHHOM PEaKTOpe MpH CTCHAOBBIX HCTIHITAHUSIX.

1. OBIIIME ITOJIOXEHUA

1.1. MeTtoasl KOHTPOJS TEPMETHUYHOCTH 000Ji0ueK (KI'O) TEIUIOBHIIEIAIOIMX 3JIEMEHTOB (TBJIOB)
TerioBHAeTIoIHX cO0poK (TBC) 0CHOBaHE HA KOCBEHHOM M3MEPCHHH YTCUYKH U3 HETEPMETHYHBIX TBIJIOB
PETEPHEIX PaTMOHYKIMIOB Homa-131 wim uesusi-134 (uesus-137), sBisiomuxcd MPOLYKTAMM JIEJCHUS
ypaHa-235, myreM H3MepeHus yACAbHOM paTHOaKTUBHOCTH IPOOK BOIH M3 CTEHIA B MPOLIECCE MCITHITAHMI
TBC B cnermansioM cteHae KI'O npu 0CTAHOBIEHHOM PEakTope.

TepMHHEI, HCHOOJIB3YEMBIC B CTAHAAPTE, M MX HOSCHECHHS MPUBECICHH B NPWIOXeHH 1.

1.2. WnunmmpoBaHue BHIXOIA PaguOHYKIMIOB ionma-131, mesus-134 (uesus-137) B Bomy creHnma
OCYIIECTBRISICTCA H3MEHEHHEM JABICHUS IUPKYJIMPYIONICH 110 KOHTYPY CTEHIA BOABI B MPOLIECCE BRIACPXKH
TBC B 310ii BOIe — HaCTAaMBaHUH.

1.3. BriGop penepHBIX PaIUOHYKIHUAOB OOYCIOBICH HX ANepHO-GH3AYECKUMH XapaKTEPUCTHKA-
MH, IPUBEICHHBIMA B MIPAIOXECHUH 2, TIO3BOJITIOINAMHA BhISIBUTHE TBC ¢ HErepMeTHUHEIMM TB2JIAMH: B
TeyeHue 28 CyT ¢ MOMEHTA OCTAHOBKHM peakTopa — IpH HMCHoiab3oBaHuu Merona KI'O mo iony-131;
yepe3 28 CyT ¥ m03X€e ¢ MOMEHTA OCTAHOBKH PEaKkTopa — IpH ucnonb3oBanmu Merona KI'O o nesmo-134
(ue3uro-137).

1.4. Paguonyxman nesusi-134 (uesusi-137) caMoCTOSTEEHO MCTIOB3YIOTCs Jyis oOHapyxenus TBC
C HETCPMCTUYHBIMM TB3JIAMM 4Yepe3 28 CyT ¢ MOMEHTA OCTAHOBKH PEaKTOPa TOJIBKO Jjisi KOHTPOJIS oTpabo-
TaBumx TBC.

1.5. Oonapyxenme ortpaborasumix TBC, comepxammx HETepMETMUHEIC TBOJEL, IO me3mio-134
(ie3uio-137) ocymecTBisieTc B TEYCHUE OJHOTO TOA TOCIC OKOHYAHMS MX KCILTyaTAI[MH.

2. TPEBOBAHUA K CPEACTBAM KOHTPOJIA

2.1. KOHTpOJbL repMETHIHOCTH 000JI0YEK TBIJIOB JOJDKEH MPOBOIUTLCS Ha CrielHaIbHOM cteHne KI'O
C JUCTAHIIMOHHBIM YIPABJICHHAEM, TICHAIH KOTOPOTO PACIONIOXEHH B 0acCeifHe BRIICPXKKH.

2.2. Crenn KT'O, crpykTypHas cxeMa KOTOpOIO NMpHMBEACHA Ha 4epT. 1, cocToMmumii M3 meHajsa u
apMaTypHOTO 0JIOKA, COIECPXHUT CJICAYIOIIME 3JICMEHTHI:

IUPKYJISAOHHBIA HACOC;

H3nanme odpymaibnoe ITepeneyaTka BOCHpemEeHa
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CHCTEMY YTIPABJIEHHS, OCHAILEHHYIO TPUOOpaMu I U3MEPEHHSA TEMIICPATypPHl M JARICHUS BOIBI B
CTEHJIE,;

KOMIIEHCATOP JaBiieHus! 1jisi ucrbiTaiuii TBC npu pasmiyHbIX AaBICHUSX B CTEHJIE;

KOHTYP IMPKYJISIINA BOIH 110 CTCHAY it MpoMeIBKH TBC 1 HacTaumBaHMA.

2.3. Crerpg KT'O moimkeH yIOBJIETBOPATE CIACAYIOIINM TEXHHYSCKUM TPeOOBAHMSIM.

2.3.1. O0beM BOIBI B CTEH/IE JODKEH OBITh:

it BBOP-440 — ot 100 mo 200 i;

st BBOP-1000 — ue 6omee 400 .

2.3.2. Crerpg KI'O momxeH 0o0ecreYrBaTh H3MECHCHUC M30BITOYHOTO NABICHUSA BOIB B IUPKYJISAIA-
OHHOM KOHTYpE B MHTEpBaie ot 5-10* 1o 5-10° IMa.

2.3.3. Hacoc gomxeH o0ecreynBarh TAKOM PACXO BOABI B KOHTYPE CTEHIA, YTOOK BPEMS MPOXOX-
JCHUS B TCILIOHOCHUTENIC PEIIEPHOM TOYKM OT HAYAIA IO KOHIA KOHTYPA HE MPEBHILAJIO 5 MHH.

2.3.4. TIpomeiBKa KoHTYpa IMpKyemma 1 TBC moimkHa MpOBOOUTHCA B JIBYX HaNpaBJICHHUSIX.

2.4. B crenge KI'O D0DKHBI OBITh TIPEIYCMOTPEHHI:

10344 B KOMIICHCATOP JABJICHUSA CXATOTO BO3AyXa, OUMILCHHOTO OT IMbUIM M MAacjia, WIH a30Ta NMpH
M30BITOYHOM 1aBieHun 1o 5-10° IMa;

10/1a4a HA CTEH]| TEXHUYECKOM BOBI MM YMCTOTO KOHACHCATA CO CIIEAYIONMMH XapaKTEPHUCTHKAMHU:
PaIMOaKTUBHOCTh — He Gonee 37 BK/i; KoHNEHTpamust GopHO# KUCIOTH — 12—16 1/mM3*;

1oIaYa pacTBOPOB IS IC3aKTUBAIIMM 000PYAOBAHUS, apMATYPHl M TPYOOTIPOBOIOB CTEHAA.

2.5. IIpuGopsl, pegHA3HAYCHHbIE UISI KOHTPOJIS JABJICHHUS M TEMIIEpaTypHl B TIEHAJIe CTEH]1a, JOJDK-
HBI MIMETh KJIACCHI TOYHOCTH He Hike 1,0 u 0,5 cOOTBETCTBEHHO.

2.6. WsmepeHue yaebHOM aKTHBHOCTH PaJHOHYKIHIOB B Mpobax Bomel u3 creHma KI'O ocymect-
BISICTCS Ha CIIEKTPOMETPHUYCCKOM YCTAHOBKE, COCTOSINEH M3 AETEKTOpa TaMMa-M3IyYCHHUSI, UMEIOIIECTO
paspemenue He 6oree 8,0-10~* m/Ix nmo ramma-maavm 0,21 nflx Ko6arsTa-60 ¥ MHOTOKAHAILHOTO AMII-
JIMTYIHOTO aHAIM3aTopa ¢ yuciaoM KaHanoB He menee 1000, ¢ mocaemyrouieii o6paboTKol MOMy4eHHBIX
pesyasTaToB Ha DBM M BHIBOIOM PE3yNbTaTOB Ha mubponeyaramolnee yCTpoicTBO. AJTOpUTM 00paboTKu
TIpUBEACH B pasid. S.

2.7. TIorpenmocTs U3MEPECHHS YACIBHOM aKTHBHOCTH C TIOMOIIBIO CIIEKTPOMETPUYECKOM YCTAHOBKHU
He JIO0JDKHA IPeBHIIATh 15 % 1ipu qoBepHuTebHOM BeposTHOCTH P = 0,99.

* KoHueHTpaimsi GOPHOM KMCIOTH B YKA3AHHBIX CIMHHMLAX H3MEPCHA NP HOPMAIBHBIX yciosusx: 25 °C u
0,1 MITa.
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3. TPEBOBAHMA K IIOATOTOBKE KOHTPOJIA

3.1. Jlnsa mposepku Ha repmeTraHOCTH TBC HeoOxomuMo nomMecTuTs B ieHan creraa KI'O u mposecTH
npomeiBky TBC.

3.2. Ilepememernune TBC B nenan crenaa KI'O mpon3BoauTcs B BOJE B COOTBETCTBHM C TEXHAYECKUMHU
ycaoBusiMu Ha kaccety TBC peakropa qaHHOTO THIA.

3.3. IIpomeiBka TBC noipkHa MPOBOAMTECS CHAYala TIPH OTKPHITOM, MOTOM NpH 3aKPHITOM KPHIIIIKE
TieHana.

3.3.1. IIpn orkpuroii Kpeimmke neHana TBC ciaeayer MpOMBIBATE BCTPEYHBIM IIOTOKOM BOIHI B
TeYEHHUE BPEMEHM OIYCKAHHMA B ICHAIL.

3.3.2. Ipm 3akperToii Kpeimke neHana TBC cienyeT mpoMBIBaTh B IBYX HAIPaBICHWAX, HE MEHEE
5 MMH B KaXOM HAIPABICHUH.

KomuecTBO BO/BI, HEOOXOUMOE JUIsi IPOMBIBKHA B KAXIOM HAIPaBJICHUH, HO/DKHO COCTARIATH HE
MEHEE JIByX 00BEMOB CTEHIA.

3.3.3. KauectBo npomeieka TBC xapakrepu3syercsi 3HAYEHHEM YAEIBHON aKTHBHOCTH PaaHOHYKIIH-
JOB MapraHia-54, oHOro u3 mpoAYKTOB KOppo3uu B Boze creHaa KI'O.

4. TPEBOBAHUS K ITPOBETEHNIO KOHTPOJIA

4.1. Ucnuranue TBC 10KHO NPOBOMTECS TIPH IUPKY/ISALIAH BOIHI 110 KOHTYPY CTeHAA (6e3 3aMeH B
BOMBI) ¥ COCTOAITb M3 JABYX IIOCIICAOBATCIBHBIX ITAKIIOB HACTAMBAHMS:

NEPBRI UK/ — HACTAUBAHUE NpM M30OLITOYHOM JABRIEHUM B KOHTYpe cTeHna (4,0—5,0)-10° IMa B
TEUEHUE 5 MUH;

BTOpOI LUK/ — HACTAMBAHMC IpH M30HTOYHOM fasiacHun 1,0-10° I1a B TeueHMe BpeMEHHM, KPATHOTO
TIEpHOLY LMPKYJISALMH BOIE B KOHTYPE CTEHIA, HO HE MEHEE 4 MHH.

4.2, Tlepuon MMPKY/ISILUY U1 KaXIOTO IUKJIA ONPEAE/SIETCA SKCIIEPUMEHTAIBHO Ha KaXIOM KOH-
KPETHOM CTEHIE.

4.3, IIpoby u3 crenma KI'O ciemyer orOMpare B T€YEHHE BCET0 BTOPOIO LMKIA HENPEPHIBHO,
PaBHOMEPHOI CTpyeii.

ITepen otGopoM poOH HEOOXOIMMO MPOMU3BECTH IPEHAX BCEH BOJBI, HAXOAAIICHCS B IPOO0OTOOP-
HOU JIMHUH.

4.4. Tlpu ucnbrranum 6ecuexnoBeix TBC (peakropos Tuna BBOP-1000) HacrauBanue npu JaBJICHUH
1,0-10° ITa cremyer mpoBoauTs B TedeHHe 20 MMH IO IONHOTO TepeMenmBanus Bogsl B crenne KI'O.

O160p IPOGH CIIEAYET IPOBOIUTD IIOCIIE MPSIBAPUTEIBHOTO APCHAXA B KOHIIE PeXMMa HaCTARUBAHUS
B Teuenue 1—10 c.

4.5. PacnonoxeHue Touku oToopa npodrl Ha cterne KI'O onpenenseTcss KOHCTPYKIIAEH apMaTypHOTO
Onoka.

4.6. B mpoGe Bomsl, B3siToi 13 creHna KO, Ha CieKTpOMETPHYECKOM YCTAHOBKE OITPEIEIISIOTCA:

3HAUYEHUE YICIIFHON aKTUBHOCTH PEMEPHBIX PATMOHYKIMIOB Moma-131, mesus-134 (uesusa-137);

3HAYECHME YIEIbHOW aKTUBHOCTH PaIUOHYKIMIOB MapraHi@a-54.

4.7 TIpoGa BOOHI U3 CTEHIA, B3STasi BO BPeMsI HACTAMBAHMS, JOJDKHA XapaKTepU30BaTh PaIvOaKTHB-
HOCTB BOIHI B CTEHJIE 10 M3MEPSICMEIM PATHOHYKIMAAM C ITOTPEINHOCTHIO He Ooee 10 %, Ipu MOrpenrHoCTH
orGopa npolOrl He Gojee 5 %.

4.8. UccnepoBanue otpaboraBumx TBC m 06paborTka pesynbTaToB M3MEpPEHHi IO Ie3mio-134
(ue3uio-137) mpMBOIATCS Tak Xe, KaK M 1o iomy-131.

5. TPEBOBAHUS K OBPABOTKE PE3YJIbTATOB U3MEPEHU

5.1. Ins susBnerus TBC, comepXalmx TBAJIH C HETEPMETUYHBIMEU O0O0JIOUKAMM, TIPOBOIMUTCS aHA-
JIU3 CTATUCTUYECKOTO PACIpeleICHUS MOMYyYSCHHRIX IpH ITpoBepke TBC maHHBIX 1O aKTUBHOCTH OJHOTO
M3 PENIEPHBIX PATUOHYKINIOB: Mona-131 wm ne3usa-134 (mesus-137) ¥ nponyKToB KOppo3uu (MapraHiia-
54) B Boge crerga KT'O.

5.2. Ina xaxnoit TBC, uccienyemoii Ha crenne KI'O, onpenensior:

a;, bK/n — 3HaYeHWe yIeIbHOM aKTWBHOCTHM PaIMOHYKIMIOB Homa-131 wm nesus-134 (uesus-137)
B IpoOe Ha MOMEHT OCTAHOBKH PEaKTOpa;

a/, bk/n — 3HaueHWe yIENBHONW aKTMBHOCTH DPaJMOHYKJIMAOB MapraHiia-34 B mpoOe Ha MOMEHT
OCTaHOBKH PEaKkTopa.
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5.3. Inga momyYeHHOU COBOKYIHOCTH J3HHHBIX BBIYHC/IIOT CPENHUE apuDMETHYECKUC 3HAYCHUS
YIAENBHON aKTMBHOCTH PaJUOHYK/MAOB ¥ona-131 wium ne3us-134 (uesmus-137), (a) u Mapranua-54 (a’) nmo
dopmynam (1), (2) 1 Mx cpeTHME KBAaIPaTHICCKUE OTKIOHEHUA (0,4, ©,7) o dopmynam (3), (4):

— 1 n
a=;f,a,-; €))

n ’
z a; Q)

©)

C))
TIe n — umcio nposepsaeMeix TBC.

IIpuMmeganue CymmmupoBarue nmposoaurcs 110 BceM TBC, mpu 31oM n — uucno TBC, He menee 20.

5.4. OIHOBPEMEHHO CTPOMTCS THCTOrpaMMa pacmpenenecHus yucia TBC mo aktMBHOCTH penepHoro
PaTHOHYKIWAA B COOTBETCTBHM C TPeGOBaHMSIMH YEPT. 2.

lucTorpaMMa CTaTHCTHYECKOTO AU DEPECHIMATEHOTO PACIPEACIACHHS YACABHON aKTHBHOCTH IIPO-
IykroB aeneHus (foma-131, mesmsi-134, nesus-137) B npobax u3 crenna KIO.

—
o

KonuyecmBo npod (n)

.

Ydensnan anmubuocms (@), br /xe

Yepr. 2

5.4.1. TBC, 111 KOTOPHIX BHITOJHSAETCH YCIOBHE:
a;<a+3oa, &)

CIEIYET CYUTATh TCPMCTHIHBIMH.
5.4.2. TBC, misi KOTOPHIX BHEIIOJHSIOTCS YCIOBHS:

a;>a+30,; (6)
a/<a’+30,, )

CIIEIyeT CUUTATh CONEPXKALUMMU TBIJIBI C HETEPMETHYHBIMHA O00JIOUKaAMMK.
5.5. Ecmu B pesynsrate NpoBepkH BhisiBicHa TBC, comepxamnias TBIIIB ¢ HETePMETHYHRIMA 000JI0Y-
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KaM#, TO TPOBOJIAT TMOBTOPHEIN pacyeT 3HAYEHWH a U G,, W MPOBEpKy 1o dopmynam (5), (6), (7) — ma
TBC, ynoBaeTBOpAIONMX YCJAOBMIO (5) IO pe3y/IsTaTaM MpeAbIylleii TPOBEPKH.

5.6. TToBTOpHEIC pacyeTHl ¢ LENBIO BHABICHU TBC, comepXalluxX TB3JIH ¢ HETEPMETUIHBIMU 000-
JIOYKaMu, MPOBOIAT IO Tex mop, nmoka Bce TBC, mociaenoBaTe/IbHO BKIIIOYAEMBIE B IIOBTOPHEIA PAacyeT,

OyIyT YIOBIETBOPATH YCAOBHIO (5).

5.7. TBC, yaoBieTBOPSIONIHE YCIOBUIO (6) M, ONHOBPEMCHHO, HE YIOBJICTBOPSIONME YCIOBHIO (7)
TOIBEPraloTCs IOBTOPHOMY MCIIBITAHUIO Ha creHae KI'O.

5.8. TBC, xoTophie TIpOBEpSUINCH HA CTEHIE cpa3dy 3a HerepmMeTHuHEIMM TBC u I KOTOPHIX
BHITIOJIHSICTCA ycimoBue (6), momiexar MoBTOpHOMY McIibiTanmio Ha crenae KI'O.

5.9. I'pymma TBC, npoBepeHHBIX Tioapsan (30Ha K yept. 3), HOKHA OHITH TIOZBEPTHYTa TTIOBTOPHOMY
HMCIHTAHUIO B CICAYIOIINX CAYYasixX: €CIH 3HaYeHus 1m0 wony-131 (uesuio-134, nesuto-137) yoeapHEX
aKTHMBHOCTEH Ipymibl TpoBepeHHBIX oapsiy TBC mpeBbIaoT 3HaYeHUS @ B 1Ba ¥ 00jIee pas, MU €CIIH

TIPCBHIIAIOT 3HAYCHUE a+ 30,, BEIYUCIIEHHOE T BeeX ocTanmbHEIX TBC.

Vieabnas aKTHBHOCTh MPOAYKTOB Aeienms (ioxa-131, uesnsn-134, ueann-137)

|

Lo

Jona K

%M

Yy

Yenvnan axmuBuocms(aj, brjxe

Hamep npods no nopadry (N)

Yepr. 3

5.10. Ecma obHapyxenue HerepmetHuHbix TBC mo iiomy-131 3aTpymHeHO, TO €CTh OMHOBPEMEHHO
BBIIOJIHSIIOTCS YCIOBHS

~ ’, s
g,=a+30, m a'<a’+30,,

TO JOHOJHHTCIHHO HCIOJB3YIOTCS IAHHBIE HCCACIOBAHHSA IO YIACABHON AKTHBHOCTH pPaIMOHYK/IMIOB
nesnsa-134 (nesua-137).

6. TPEBOBAHHMA BE3OITACHOCTH

6.1. IIpun nposeacHum uccaeaopanmii TBC npu moMoImm JaHHEIX METOAOB HEOOXOAMMO COOIIONATH
TpeboBanus caenyomei nokymenranun: HPB-76 «<HopMel pajuanuonHoi 6e3onacHocti», OCII-72 «Oc-
HOBHBIC CAHMTAPHBIC TIPaBWJIa PA0OTHI C PaIMOAKTHBHBIMYI BEIECTBAMH U JPYTMMH MCTOUHMKAMH UOHM-
supylommx uanydeHuii>, [1B5-04 «IIpaBuina suepHoil 6€30MACHOCTH ATOMHBIX JJICKTPOCTAHIAI».

6.2. B xaxmoii u3 cMeH nposeacHrueM KI'O mojmkeH 3aHMMATHCHA MEPCOHAN CTEHJA, MPOLIETIIHIA
NpeABAPHTENLHOE O0yJCHHE M COABIIMI SK3aMEH Ha IIPAaBO pabOTH HA CTEHIE.
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ITPUJIOXEHHUE 1
Cnpasounoe

Tepmun

TlosicHeHne

Tran
Herepmernnniii TBJ

Penepuniii pannonyxima

ITo T'OCT 23082

TBSJI, B 000JIOYKE KOTOPOTO MMECTCSI CKBO3HOC IMMOBPEXACHUE

Snepno-du3ngeckne XapaKTePHCTHKH HYKIHAOB

PamuoHyk/mM], MCIIOJB3YEMBEIA B KAY4ECTBE OOPA3LOBOTO, MO BRIXOXY KOTOPOTO
M3 TBYJIa CYIAT O TEPMETHIHOCTH OOOJIOUKH TBIJIA, TAK KAaK OH O0JNamaeT saepHO-
bu3HYECKMMHU XapAKTCPHCTHKAMHE, TIO3BOJIIOIUME HAICXHO €TI0 PETHCTPHPOBATD
B YCJIOBHSIX DKCIIEPHMEHTA

IIPHJIOXEHHE 2
Cnpaeounoe

Tlepuon DHeprus TaMMa-KBaHTOB E,

Hyxmaast ronypacTana 3B Buixoa mmii, %
Mox-131 8,02 cyr 364,49 79,0
Le3uii-134 2,062 roma 604,7 98,0

795,8 88,0
e3mit-137 30,174 roma 661,63 84,8
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