M3secTua sByszos * ApnepHasa aHepretmka * Ned o 201 |

YK 621.039.51

CO3AAHMUE MPELWMSNOHHOU
MOZEJIN PEAKTOPA BBP-y J1A4
NOCINEAYIOLLEN ONMTMMN3ALIUA
EFO KOHCTPYKUMAN N HAPABOTKUA
Mo U APYTUX PAANOHYKITNOOB

B.B. Konecos*, 0.10. Kounos**, 10.B. BonkoB*, B.®. YKpauHues¥*,

P.H. PoMun*
* 06HUHCKUL UHCMUMym amomHoti sHep2emuxu HUAY MU®H, 2. 06HuHCK
* * 06HuHCKUll punuan THL T'YII «t HHSXH um. J1. 4. Kapnosa, 2. 06HUHCK

Ina onTuMusaummn KOHCTpyKuum peakropa BBP-1 ¢ nensio onTuManbHOW Ha-

paboTkn Mo U OpyrMX PafMOU30TOIOB CO3AaHA MPeLU3NoHHAA MaTeMaTu-
yeckasa Mopenb peakrtopa. C momoumbio 3Tot Mogenun metonom MonTe-Kapno
ObUIN TTPOBEMIEHbl PACYETHl 3arPy3KU PEAKTOP], TIOTHOCTEW MOTOKOB HEUT-
POHOB B 3KCIIEPUMEHTAJIbHLIX KaHajlaX U BECOB CTepHeN yIpasneHus. [lo-
Ka3aHo, UTO PacyeTHLIE 3HAUEHUA XOPOLIO COTIACYIOTCA C IKCIIEPUMEHTallb-
HbIMU [aHHBLIMU.

KnioueBble cnoBa: siaepHbliii peaktop, npou3soactso *Mo, npeunsmoHHas Moaenb, pac-
YeT 3arpy3ku, NAOTHOCTb NOTOKA HENTPOHOB, Beca cTepxHen CY3.

Key words: nuclear reactor, Mo productivity, precision model, criticality calculation,
neutron flux, control rod worth.

WccnepoBatenbckuii apepHbin peaktop BBP-u (15 MBT TennoBoi MOWHOCTH) Haxo-
ouTcs B akcnayaTauum ¢ 1964 r. B OTYN «HUOXWN um. J1.4. Kapnosa» B r. O6HMHCKe.
BBP-1 npepctaBnser coboil reTeporeHHbln BOAO-BOAAHOM peakTop 6acceMHOBOro Tuna.
PeakTop 6bIN cneyManuM3upoBaH ANs NpoBefleHMs WWUPOKOro Kpyra paboTt B 06nactu
pagMaLMoOHHON XUMUK, CTPYKTYPHBIX U MaTepuanoBefyecKUx UCCnefoBaHUA, aKTUBA-
LULMOHHOr0 aHanM3a, HEWTPOHHOrO NIErMPOBaHNUA NONYNPOBOAHMKOB U Ap. PeakTop oc-
HalleH BEPTUKANbHLIMU U TOPU3OHTANIbHBIMU 3KCNEPUMEHTANbHBIMU KaHaNaMu pasHbIX
anametpoB. C 1980 r. Ha 6a3e peakTopa AeiCTBYeT U pa3BUBAETCA NPOM3BOACTBO pa-
AVNOHYKINAOB MEAMULMHCKOrO Ha3HayeHus u papguodapmnpenapatoB (P®M) Ha ux oc-
HoBe. C y4yeTOM yCnewHoCTH pa3BUTUA 3TOTO HANpPaBEHUA, @ TaKKe BbIFOAHOIO reo-
rpacduyeckoro nonoxenus BBP-u B 1980 r. 6bIN0 NPUHATO pelleHne 0 PEKOHCTPYK-
umu peaktopa [1]. MNpepycmaTpuBaeTcs MOAEPHU3ALMUA AaKTUBHOW 30HbI, CO3JaHUe
HoBoOro, 6onee 3pdeKTMBHOTO OoTpaxaTtens U pag APYrUx u3MeHeHuit. B HacToswee
BPEMs 3Ta PEKOHCTPYKLMA NPOBOLUTCS NO3TAMHO.

B cBA3M ¢ HEOGXOAMMOCTbIO Y/yYlIEHUs NapaMeTpoB peakTopa U 3PHEKTUBHOCTM
Hapa6oTku paauoHyknupos (°°Mo, 131 u gp.) Ha peakTope BBP-u Gbina nposefeHa
paboTa Mo CO3[aHMI0 NPELU3UOHHbBIX HENTPOHHO-(DU3UYECKUX PACYETHbIX Moaenen
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CYLeCTBYIOWeER 1 MOLEPHU3UPOBAHHON aKTUBHbIX 30H, OTpaxaTeneil peaktopa U op-
raHoB CY3. Mpu 3TOM NONHOCTBIO MOAENMPOBANUCL FeOMeTpUa BCex TBINOB (TONAUBO,
060/104Ka, BOAAHON 3a30p, TeMNepaTypbl KOMNOHEHTOB), U3MEHEHUE W30TOMHOTO CO-
CTaBa TON/JMBA B 3aBMCMMOCTU OT BbiropaHus [2], reomeTpus u coctaB opraHos CY3,
oTpaxkarteniedl, IKCMepUMEHTaNbHbIX KaHanoB, KOHCTPYKLUNA.

B paboTte npuBOAATCA HEKOTOpPble pe3ynbTaTbl PACYETOB HENTPOHHO-PU3UYECKUX
XapaKTepuUCTUK CYLEeCTBYIOLWEN aKTUBHOW 30HbI PeakTopa M MX CpaBHeHWe C xapaKkTe-
pUCTMKaMU, AaHHbIMM B 000CHOBaHMe peakTtopa [3].

MepBas 3afaya, KOTOPYIO MPULLAOCH PeLnTb, COCTOANA B ONpPeAeneHnn KoanMyecTsa
TBC co cBEXMM TONAUBOM, MPWU KOTOPOM OYAET AOCTUraThbCA KPUTUYHOCTL peakTopa.

[ins 3Toro 6binn cmopenupoBaHbl TBC peakTopa, KoTopble MMEIT cneunduyeckuii
BMA, U300paxeHHbI Ha puc. 1. Kak u peanbHas TBC, Mogenb COCTOUT U3 YeTblpex rek-
CaroHaNbHbIX W OLHOr0 LMAMHAPWUYECKOrO TBINOB, 3aKNIOYEHHbIX B 060104KM U3 cnnia-
Ba CAB-I. bbin npuHat cnepyowmin xummnyeckuin coctas cnnasa CAB-I no OCT 190048-
72, n3meHeHue Ne3: Al — ocHoBa, Mg — 0.45-0.9%, Si — 0.7-1.2%, Fe — 0.2%, Cu — 0.012%,
Mn - 0.012%, Ni — 0.03%, Ti — 0.012%, B — 0.00012%, Cd — 0.0001%, Zn — 0.03%,
npoyue — 0.07%.

Bopa
Tonnueo
Tpy6a u3 CAB

06onouka

Puc. 1. TBC peakTtopa BBP-y

TBC peaktopa BBP-u umeet cnepytowme napametpsl [3]:

® KOHCTPYKLMOHHBIA MaTepuan — antoMuHueBblit cnnas CAB-I;
TONILMHA TOMAMBHOTO cnos B TBane — 1.1 mm;

TONLMHA aNOMUHMEBOTO NOKPbLITUA — 0.6 MM;

TONILMHA TB3NIA — 2.3 MM;

BbICOTA TOMAMBHOrO cnos — 600 mm;

TONMHA BOASHOrO 33a30pa MeXay TBafaMu — 3 MM;
oboratenune no 235U B TBC - 36%;

konuyectso 23°U 8 TBC — 110 r;

HapyxHbiin pa3mep TBC «nop kntou» — 65.4 mMm.

Pabounmmn opraHamu CY3 cnyxat AeBATb CTEPXKHEH-NOrNoTUTENEN HENTPOHOB, B TOM
Yucne TpU CTEPXKHA aBapuitHoi 3awutsl (A3-1, A3-2, A3-3), OfMH CTepXeHb aBTOMATH-
yeckoro perynupoBaHua (AP), Tpu KomneHcupylowmx pyydHeix perynatopa (PP):

® PP-1 umeeT 2 CTepXKHA-NOrnoTUTENSA,

® PP-2 nmeeT 2 CTEpXKHA-MOrNoTUTENSA,

® PP-3 umeeT 1 cTepKeHb-NOrN0TUTEND.

130



M3secTua sByszos * ApnepHasa aHepretmka * Ned o 201 |

KaHanbl ctepxHen A3 no BbiCOTE aKTUBHOM 30Hbl UMEIOT WeCTUrpaHHyio dopmy,
kaHanbl AP n PP npoxopaT B akTUBHOI 30He Yepe3 makeTbl TBC, y KOTOPbIX BbIHYTHI [Ba
BHYTPEHHUX MaKeTa TB3JIOB.

CrepxHu nornotutenn A3 HabpaHbl U3 BTYNOK Kapbuaa 6opa, 3aKioyYeHHbIX B 060-
NIOYKY, BbIMONHEHHYIO U3 ABYX Tpy6 anametpom 50 u 30 Mm. [livHa nornotutens —
700 MM, panHa BbiTecHuTena — 58 cm.

[vameTtp Taru, BoiTecHuTenen n ctepxHeit nornotuteneit AP, PP — 27 mm. [nuna
BbiTecHUTENA — 630 MM, ganHa nornotutens — 700 mm.

0co6eHHOCTbI0 HAYanbHOW 3arpy3KW CBEXEro TOMAUBA B PEAKTOP ABAANOCH TO, YTO
B MakeTax TBC ana ctepxHel PP B Tpex BHeWHMx rekcaroHanbHblX TB3/Jax 0CTaBanoCh
3arpyeHHoe TonAuBO. 3TOT (DaKT Mbl TaKXKe YYuTbiBaNM B pacyeTax.

flpepHble KOHLUeHTpaLuUW ypaHa 1 alloMUHUA B TOMOTEHHON CMecK onpefenanuch
HaMW W3 TOro yCNOBUsA, YTO, cornacHo nacnopty B TBC, copepxutca 110 r 235U,

C yyeToM M310XEHHOro Bbile KpUTUYECKAA 3arpy3ka coctasuna 34 ceexux TBC
(puc. 2), uto cooTtBeTcTBYeT KonnyecTBy TBC, nony4yeHHOMY B 3KCMEpPUMEHTaNbHO
3arpy3ke [2]. lpu 3ToM, Npu B3BEAEHHbIX CTepHsAX A3, cTepxHe AP, HaxopasweMmcs B
cpefHeM cocTosiHuM, u ctepxHax PP1, PP2 n PP3, Haxopsawmxca Ha 3.5 cm Huxe cpeg-
Hero CoCToAHMsA, HaMK GbIN0 NOay4eHO 3HaueHne Kspy = 1.00147+/-0.00034 (T.e. oT-
KNOHEeHMEe OT IKCNEePUMEHTaNbHOro 3HayeHua KputuyHoctu coctasuno 0.15%, 4to Ha-
XOANTCA B Npefenax Tpebyemoii Ans TENAOBbIX PeaKTOPOB MOTPELHOCTH).

Puc. 2. Kaprorpamma 3arpysku 34-x TBC ceexero Tonnusa s obecneyeHus KpUTUYHOCTU NpU Nycke
peakTopa

[ns npoBefeHUs AanbHENWMUX pacyeToB HEOOXOAMMO ObiNO BbIMOAHUTL «NPUBSA3-
Ky» MOJENMN K COCTOSIHWUIO aKTMBHOM 30HbI peakTopa Ha KaKoW-TO MOMeHT BpeMeHu. [ns
3TOro GbIN0 BLIOPAHO COCTOSHME peakTopa Ha 28.11.2009 r. Ha 3TOT MOMEHT Bpeme-
HM ObINM M3BeCTHbl BbiropaHua Bcex TBC u kapTorpamma ux 3arpysku. Bua aktvueHoM
30HbI NpUBEAEH Ha puc. 3.

B npeanonoxeHuu, 4To CpefHAS TENNOBAA MOWHOCTb PEAKTOPA COCTABASET NOPAA-
ka 8.5 MBT, 6bin paccuutaH coctaB Bcex 70-Tn TBC B COOTBETCTBMU C A@HHBIMU NO Bbi-
rOpaHuAM B KaXAoi M3 HUX, U OHW ObiIN pacnoNoxeHbl B COOTBETCTBUM C KapTOrpam-
Moii. Mpu 3TOM 6bIN0 NONYyYeHO 3HaYeHne Kypg = 0.99984+/-0.00031 (T.e. HepooLeH-
Ka KPUTUYHOCTU Oaxe B 30He C Bbiropawowwmmu teanamu coctasunia 0,016%, 4to Haxo-
AMTCA B Npedenax Tpe6oBaHUsA K MOrpelHOCTAM PacyeToB [ TEMIOBbLIX PEAKTOPOB).
CrepeHb AP npu 3TOM Haxoauacs B LLEHTPe aKTUBHOW 30HbI, @ CTepXHU PP — Ha 4 cm
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— cTepxeHb CY3

— sveiika ¢ TBC

- 3KCI'IepVIMeHTaJ'IbeIl7I KaHan

Puc. 3. Kaptorpamma akTuBHOI 30HbI peakTopa BBP-u [3]

HUXe ee cepeanHbl. [TOHATHO, YTO TaKkoW Noaxof AaeT NuWb NpubanKeHHbn coctas TBC,
O[JHAKO B OTCYTCTBME peanbHbIX JaHHbIX 0 cocTaBe TBC gaxe Takol nogxopn AaeT He-
nioxoe cornacue ¢ 3KCNepUMEHTOM U ABNAETCA, NO-BUAUMOMY, €AUHCTBEHHO BO3MOX-
HbIM. [lanbHenuine pacyeTbl NOKA3bIBAKOT, YTO NPU TAaKOM NOAXOAe MOryT ObiThb nojyye-
Hbl XapaKTepUCTUKW (MHTerpanbHbele U AuddepeHumanbHbie) BecoB cTepxHeit PP, A3,
HaxoaswWMecs B YAOBJETBOPUTENIbHOM COMNacumu C [aHHbIMUK, NpUBeAeHHbIMU B [3].

B Tabnuue 1 npuBefeHbl pacCcuMTaHHbE C MOMOLLbID CO3AAHHON MOAEnU Beca CTep-
xHeit CY3 B eguHnuax Bypg = 0.7%.

BupHO, 4TO pacyeTHble OLEHKM HEMJ0X0 COrnacyloTcs C faHHbIMM 060CHOBaHMA [3]
W TArOTelT K 6o/ee BbICOKUM 3HAYEHUsM, XOT pa3bpoc camux AaHHbIX 060CHOBaHMA
BeCbMa 3HauyuTeneH. Bupmmo, pasHble 3HaYeHUA NPUBEAEHbI LA CBEXEN 3arpy3ku
3arpy3ky C MaKCUManbHbIM BbITOPAHUEM.

B Tabnvue 2 npuBeAeHbl paccymMTaHHble NAOTHOCTU NOTOKOB HEWTPOHOB B 3Kcne-
PUMEHTaNbHbIX KaHanaX B CPAaBHEHMU C COOTBETCTBYIOWMMU IKCNEPUMEHTANbHBIMYU
OAHHbIMU,

Tabnuua 1
CpaBHeHHe pacyeTHbIX BECOB CTEepP}XKHeW peryMpoBaHua
C AaHHbIMMK 0GOCHOBaHMSA peKTopa [3]
. Konuuecteo 3 dekTMBHOCTL PaccuutaHHas
Pabounit Konuuecrso aboynx opraHos | rpynn B eAMHULAX 3 eKTUBHOCTb rpynn
oprav C¥Y3 | rpynn PO, wr P P Py A Py
B rpynne, Wt B,y [3] B epuHuuax B,
A3 3 1 A3-11,2-1,6 A3-1 1.61
A3-2 2,8-3,2 A3-2 2.98
A3-3 2,3-2,6 A3-3 2.38
AP 1 1 0,6-0,7 0.74
KO (PP) 3 2 PP-1 1,1-13 PP-1 1.30
2 PP-2 3,5-4,0 PP-2 4.01
1 PP-3 1,8-2,0 PP-3 2.36
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. Tabnuua 2
CpaBHeHue Pacc‘l"TaHHle MNNOTHOCTEM
NMOTOKOB HEUTPOHOB C IKCNEPUMEHTOM

Homep kaHana | Pacuet | kcnepumeHt | Pacxoxpaenue (P-3)/3%
1-1 5.1-10" 6.8-10" 25
4-1 7.8-10" 7.3-10" 7
4-9 7.2:10" 5.9-10” 22
8-9 7.0-10” 4.410" 59
10-7 6.5-10" 6.4-10" 2

CnepyeT OTMETUTb, YTO IKCMEPMMEHTANbHbIE KaHanbl PaCMONOXEHbl HAa rpaHuLe
aKTUBHOW 30HbI W OTpaXkaTens, NO3TOMY NOrPeWHOCTH B IKCNEPUMEHTANLHOM Onpe-
AeNeHNn NNOTHOCTe NOTOKOB HENTPOHOB B 3TOM 06/1aCTU AOCTATOYHO BbICOKM, YTO
NOATBEPXKAAETCA CPABHEHWEM Pe3y/ibTaTOB IKCMEPUMEHTOB U pacyeToB B Tabn. 2. Tpyn-
HO 0OBACHUTb, OJHAKO, YTO IKCMEPUMEHTANbHO MOJYYEHHOE 3HAYEHWe MNOTHOCTU
NOTOKa HENTPOHOB AN KaHana 8-9 3HAYMTENbHO OTINYAeTCA OT COOTBETCTBYIOWErO
3HayeHuUa B KaHane 4-1, pacnonoXeHHOM CMMMETPUYHO KaHany 8—9 OTHOCUTENbHO
LLeHTPa aKTUBHOMN 30Hbl, KOTOPAA MPAKTUYECKU cUMMeTpUYHa. lNpu 3TOM pacyeTHble
3HaYeHUs NJOTHOCTEN MOTOKOB HEMTPOHOB B 3TWUX KaHajax JOCTaTOYHO 6au3ku. bo-
nee MHPOPMATUBHLIMU 3a4eCb MOrKU Obl ObITb CONOCTABNEHUA CKOPOCTEH AeneHus u
3HEproBbIfeNeHNin B AeNAWMXCA MULLEHAX WM CKOPOCTU peakuuil 3axBaTa B 3KCnepu-
MEHTaNbHbIX YCTPONCTBAX.

Takum 06pa3oM, MOXHO cfienatb BbIBOJ, YTO CO3[aHHAsA NpeLu3nOHHas MOAenb pe-
aKTopa MOXeT OblTb MCMNONb30BaHA ANA PAacyeToB KPUTUYHOCTM C y4eTOM OTpaaTtenei
M TemMnepaTyp KOMMOHEHTOB, 3HayYeHU BecoB opraHoB CY3 u onpepeneHuna naoTHoc-
Tell MOTOKOB HENTPOHOB B 3KCMEPUMEHTANIbHbIX KaHANax U UCCNeAyeMblX B HUX YCT-
poicTBax. Mogenb roToBa K NpoBeAEHWUID PacyeToB MO MOAEPHM3ALMUN U ONTUMU3ALMUN
peakTopa, ero oTpaxartenen M KOHCTPYKLMA 3KCNepUMEeHTaNbHbIX KaHanos A8 NOBbI-
WeHns BbIpabOTKM TPAAMLMOHHOK M BHOBb pa3pabaTbiBaeMoi M30TOMHOM NPOAYyKLMK.
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Place and Role of Information Technologies at Decommissioning of NPP Power Units\V.L. Tikhonovsky,
B.K. Bylkin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. — 8 pages, 1 illustration. —
References, 6 titles.

The place and role of information technologies at decommissioning (DBD) (B[1B3) have been
analysed in the context of final stage of life cycle of NPP unit, as well as prospect of creation of unified
information system (IS) DBD OAO «Concern Rosenergoatom» with use of three- dimensional modeling.

It was shown, that creation of IS DBD will provide not only system unitized solution of the problem
of D process information nHdopmaumoHHoro accompaniment, but also solution of more wide spectrum
of tasks on control of engineering-technical information at the operation stage.

YNK621.039.534.6

Estimation of Intensity of Consumption of Oxygen Constructional Steels of Primary Coolant Circuit Power Reactor
Facility with Heavy Heat-Carriers\R.Sh. Askhadullin, K.D. Ivanov, V.M. Shelemetev, R.P. Sadovnichy; Editorial
board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica» (Communications of Higher
Schools. Nuclear Power Engineering) — Obninsk, 2011. - 8 pages, 3 illustrations. — References, 6 titles.

On the basis of the executed experimental researches on influence of temperature and an oxygen
mode of heavy liquid-metal heat-carriers on intensity of course of oxidizing processes of their
interaction with various constructional steels the technique of numerical estimations of local and
integrated streams of the oxygen spent for oxidation of internal surfaces of the first contour of reactor
installations is developed.

Use of the given technique allows carrying out tentative estimations of results of long operation
of constructional steels, to prove use optimum from the point of view mass carry oxygen modes of the
heat-carrier, to form requirements to systems of technology of the heat-carrier.

VNK621.039.51

Creation of the WWR-c Reactor Precision Model for Its Construction Optimisation and Following Optimisation of
the Mo and Other Radioisotope Productivity\V.V. Kolesov, 0.Yu. Kochnov, Yu.V. Volkov, V.F. Ukraintsev,
R.I. Fomin; Editorial board of journal «Izvestia visshikh uchebnikh zavedeniy. Yadernaya energetica»
(Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. — 5 pages, 2 tables,
2 illustrations. — References, 3 titles.

For the WWR-C research reactor construction optimization for optimal ®Mo and other radioisotope
productivity a precision mathematical model of reactor was created. Monte-Carlo calculation with use
of this model were carried out to determine reactor criticality, neutron fluxes at an experimental
channels and control rod worth. It is shown that calculated values are in good accordance with
experimental ones.

YAK 621.039.526: 621.039.83

Experience of development and operation of the process radiation facility «Polymer» at the Beloyarsk NPP\
Yu.V. Nosov, V.1 Ogleznev, IA. Chernovx Editorial board of journal «Izvestia visshikh uchebnikh zavedentiy.
Yadernaya energetica» (Communications of Higher Schools. Nuclear Power Engineering) — Obninsk, 2011. -
9 pages, 3 tables, 2 illustrations. — References, 5 titles.

Using spent control rods with europium absorber of the BN600 reactor as gamma sources, the
Beloyarsk NPP together with the Obninsnk branch of the Physical-Chemical Research Centre named
after L.Ya. Karpov has designed and manufactured the process radiation facility «Polymer» and
successfully operated it for 18 years. This paper presents main characteristics of the facility and
summarizes the technical-organizational and economic issues of ensuring its safe operation.
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